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Abstract: The Standard Penetration Test (NSPT) and Cone Penetration Test (CPT) is the most implemented 

standard procedures in the in-situ site investigations to characterize geotechnical foundation designs and determine 

soil properties. The purpose of this analysis is to review some of the correlations between existing CPT and NSPT 

and propose new associations based on eight types of soil, namely silty sand, sand, gravelly sand, clay, sandy silt, 

silt, clayey sand, and sandy clay by considering suitability geotechnical design and its potential against soil 

liquefaction by using a phased statistical approach. The statistical analysis called a statistical gradation approach is 

applied using Linear Regression to produce new equations between NSPT and CPT and Power Regression for 

further comparisons between NSPT and sleeve friction (fs). The purpose of this paper is to develop a robust 

correlation between NSPT with Qc and fs for five soil types, namely Gravelly Sand, Sand, Sandy Silt, Silty Sand, 

Clay-based on SPT data, CPT, and sieve test. The correlation between NSPT to Qc and fs shows that the RMSE 

value is lower than the value referenced from the literature.  

Keywords: Standard Penetration Test, Cone Penetration Test, sleeve friction, gradation approach, RMSE. 

 

发展各种土壤类型的标准贯入度，圆锥贯入度试验和套筒摩擦之间的新关系 

 

摘要：标准渗透试验和锥孔渗透试验是原位现场调查中最常用的标准程序，用于表征岩

土基础设计并确定土壤特性。该分析的目的是回顾现有圆锥渗透测试和标准渗透测试之间的

一些相关性，并根据粉土，砂，砾石，粘土，沙质粉砂，粉砂，黏土砂和砂质土的八种类型

的土壤提出新的关联。通过采用分阶段统计方法来考虑岩土工程设计的适宜性及其对土壤液

化的潜力。使用线性回归的统计分析称为统计渐变方法，可以在标准渗透测试和圆锥渗透测

试和功率回归之间产生新的方程式，以进一步比较标准渗透测试和套筒摩擦。本文的目的是

基于标准渗透测试数据，圆锥渗透测试和筛分试验，开发砾石，砂，沙质粉砂，粉质砂，粘

土等五种土壤类型的标准渗透测试与锥头阻力和套筒摩擦之间的稳健相关性。标准渗透测试

与锥头阻力和套筒摩擦之间的相关性表明，根均方误差值低于文献参考的值。 

关键词：标准渗透测试，圆锥渗透测试，套筒摩擦，渐进方法，RMSE。 

 
 

1. Introduction 
Standard Penetration Test – NSPT and Cone 

Penetration Test- CPT is the most standard 

geotechnical procedure currently implemented in the 

in-situ site investigations to characterize geotechnical 

foundation designs and determine soil properties. SPT 

is used to obtain continuous soil profiles for depth, soil 

properties, identification of soil sequences and their 

spread laterally, and see unsustainable soil profiles 

caused by liquefaction and landslides [1], [2]. SPT is 

widely applied to determine soil parameters using 

correlation [3]. SPT reflects the effects of historical 
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stress and strain, soil fabric, effective horizontal stress, 

and also a combination of relative and vertical 

pressures. NSPT offers confirmed the in-situ soil 

characteristics under stress conditions at the time of the 

earthquake, challenging to simulate under laboratory 

tests and predict natural liquefaction soil for future 

earthquakes. Besides, undisturbed samples pushed into 

tubes are mostly different from their natural conditions 

in the area of original stress at a certain depth, which 

must be considered. CPT is very reliable for conducting 

site investigations and conducting geotechnical 

designs. CPT testing is useful for describing soil 

stratigraphy and recording fast and continuous 

parameters such as cone end resistance (Qc) and sleeve 

friction (fs) [1]. CPT's benefits are repetition, 

continuous measurement, and ease to do (Robertson et 

al., 1983a). The CPT investigation provides 

information about bearing capacity, pore water 

pressure, and sleeve friction [4], [1], [5].  

Geotechnical investigation in construction work is 

carried out by combining NSPTand CPT data, where 

penetration data serves as an initial design based on 

soil parameters. In contrast, the final construction or 

design quality controls are based on static conus 

penetration tests [6] and [7]. The Standard Penetration 

Test (SPT) has many shortcomings and influencing 

factors affecting the results, including the application 

misinterpretation, undisturbed sample pushed into the 

tube essentially different from its natural conditions in 

the original stress area a certain depth, which must note 

3. SPT is relatively more expensive because it requires 

sample data processing [8], [9]. For the effective use of 

available field data, it is crucial to correlate the CPT 

and the SPT so that if only the NSPT data is available. 

At the same time, the engineer understands the CPT 

data interpretation, then converting NSPT data is the 

right solution. The CPT approach as a form of field 

penetration testing with a sonder instrument is used to 

obtain parameters of soil penetration resistance in the 

field, including cone resistance (Qc) for measure end 

bearing resistance penetration and sleeve friction for 

measuring site friction (fs) which can be used for the 

interpretation of soil layers.  Sleeve friction helps to 

assess the friction of the horizon being penetrated. The 

purpose of this paper is to assess some of the 

correlations between existing CPT and SPT and 

propose a robust formulation based on five types of 

soil, Gravelly Sand, Sand, Sandy Silt, Silty Sand, Clay, 

by considering the suitable geotechnical design and its 

potential against soil liquefaction. This paper is a novel 

determination that is referred to as the Statistical 

Gradation Approach (SGA).  

 

2. Methodology  
The SGA is an iterative operation that builds 

mathematical models from measured data. It covers the 

cleaning of duplicate data sets, removing outliers by 

adjusting the database, filtering data with the equal 

width distance bin, and processing filtered data with 

the appropriate regression method.  Comparisons are 

then made with previously developed relationships 

from other studies to evaluate the results of this work. 

 

3. Data Collection  
Geologically, Bantul Regency is located on a plain, 

namely Terban Bantul, a Quaternary Terban Bantul. 

The soil has a lithological composition dominated by 

unconsolidated sand material that is quaternary, 

composed of the Mount Merapi and Alluvium 

Volcanoes [10]. The deposit is a pyroclastic collapse 

material, spread over 85% of the Bantul region, and 

alluvium material is covered in a limited manner in the 

Progo River, Opak-Oyo River South Coast. SPT and 

CPT data located in the same location have almost no 

significant distance between these two types of 

investigations (see Figures 1 and 2).  

SPT data are taken to analyze soil carrying capacity, 

using a split tube dropped from a height of 75 cm with 

a weight of 63.5 kg hammer to push a split tube to a 

depth of 45 cm. The evaluation of NSPT does not apply 

in the first 15 cm because of an initial position, and the 

second and third 15 cm shows the importance of N 

(ASTM D1586-99,2003). Every split tube reaches a 

depth of 15 cm calculation is carried out with a blow 

count not exceeding 50 times, every 15 cm. Calculation 

of SPT is carried out at 1.5 m intervals to a maximum 

depth of 20 m.  The recording process starts when the 

CPT reaches 20 cm intervals to a depth of 20 m. SPT 

data is recorded at each 45 cm depth interval while the 

CPT data is recorded at an interval depth of 20 cm so 

that the NSPT is adjusted according to emission at each 

20 cm depth interval to equal the CPT depth [11]. 
Statistical analysis is needed before the regression 

process starts. It is crucial to anticipate data like 

outliers, namely information with very extreme values 

with other observational data in a data set that will 

result in a final analysis error or miss interpretation. 

This status can occur because of measurement errors or 

sampling of damaged data and data. For this reason, the 

implementation of a gradual statistical analysis is 

needed to eliminate the outlier data before the 

regression analysis is carried out. 



179 

 

 
Fig. 1 The boreholes, NSPT, CPT, and seismic measurements in the vicinity of the study area 

 

 

 

  

 

 
Fig. 2 The position of the boreholes, NSPT, CPT, and seismic measurements between borehole 19 and borehole 20 representing one shear 

wave velocity 

 

4. Data Processing and Analysis 
The statistical analysis with a progressive approach 

using Power Regression is applied to produce new 

equations between NSPT and CPT and Linear 

Regression for further comparisons between NSPT and 

sleeve friction (fs). The regression concept determines 

the relationship between the parameter of a function 

that causes the service to best suit a series of data 

observations. Power regression is used by looking at 

typical non-linear data distributions. The choice of 

regression type depends on the regression coefficient 

produced; the closer to 1, the more accurate the model 

proposed when used for prediction. This study's data 

variables are penetration test data and cone tip (CPT) 

test data. Field data is processed using a Statistical 

Gradation Approach. 
 

4.1. Cleaning Duplicate Data Sets 

Cleaning duplicate data will involve removing those 

pairs from the data set with the same values, leaving 

only one pair. Compiling data from various sources, 

and therefore with potentially varying degrees of 

reliability, can affect the accuracy of the analysis 

compared to using only one data source. The duplicate 

data removal process considers two factors that can 

identify the outliers, such as data errors due to human 

error or mal equipment functions (causing significant 

problems with the reliability and validity of the 

results). Another reason for removing data is duplicate 

data requires a longer time to process. 
 

4.2. Removing Outliers by Adjusting the Database 

The second step is adjusting the database to make 

standardized data before the regression process. This 

process is the first step in eliminating outliers. Outliers 

are the observational data with an abnormal distance to 

the other data in a population [11]. This process is done 
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by using a Z-score or standard score approach [12]. 

The Z-score's underlying assumption is to explain the 

standard deviation of the average amount of data. Soil 

class data is then standardized to know the distance 

between soil data and the mean in the unit standard 

deviation. The approach, also known as the Standard 

normal distribution (Z-score), describes the relationship 

between the mean population and the standard data 

deviation population. Z-score can be negative, which 

means that the data has a standard deviation below the 

mean, and Zscore is positive, which means the standard 

deviation is higher than the mean. The Z score 

calculates how much the standard deviation is from soil 

distribution data. The mathematical equation used in 

the analysis of the Z score is 
Zsc =   x - µ /σ                                                 (1) 

where Zsc is Zscore, x is the observation data, µ is the 

data mean, and σ is the standard deviation. Detecting 

the presence of outliers can be seen in the calculation 

of normal standard distribution if the z is greater than 3 

or the z is smaller than -3 [11]. There are also those 

who use the maximum 2.5 and minimum -2.5 as the 

limit for determining outliers [13]. 

 

4.3. Filtering Data with Equal Width Distance 

Binning Approach 

The third step is to refine filtered data. Adjustment 

of the detected data still contains outliers, and the data 

must discard. This process removes data that has a 

position far from neighboring data by using the Equal 

Width Distance binning approach. At this step, the aim 

is to obtain smooth evidence by considering 

compatibility with adjacent data. The data then 

classified into three-bin classes: low, middle, and 

higher grades [14]. The purpose of this classification is 

to eliminate the effect of outliers, where data can have 

abnormal distances from other values in a random 

population sample. Processing filtering data includes 

define; the boundary limit condition, the range classes 

bin, the processing filtering data. 

 

4.3.1. Define the Boundary Limit Condition of Bin 

Class 

Applied three-class bins are a simplification process 

in evaluating statistical data. Partition into three class 

bins assuming the class bin 1 as an assessment of the 

lowest grade data that is still acceptable and the class 

bin 3 limit as the highest-grade data value as the 

controller is the class bin 2, preserved as an average 

value of the data. In other words, the first- and third-

class bin are the value of the data distribution limit that 

exceeds the average value that is still acceptable. 

 

4.3.2. Define the Range Class Bin 

This study determines the range of data values used 

as boundary values between data levels by defining the 

difference between the maximum NSPT and CPT 

against the minimum NSPT and CPT; then, the data 

range is divided by the number of the class bin. For bin 

one SPT and CPT classes, data taken by adding the 

minimum value of bin one level in the data range with 

one-third of the data range. For class bin two, it is 

derived from the number of class bin one plus one-third 

of the data range and class bin three. It can be seen 

through Eq. (2) – Eq. (6). The path of the formulation 

to determine can be followed as: 

                          
(2) 

                      
(3) 

                 
(4) 

where Xrange is Vs or NSPT data range and can be 

obtained from: 

                                              (5) 

where , ,  are the 

class bin series for NSPT and CPT,  and  are 

maximum and minimum data series (NSPT and CPT), 

the value of 3 is a number of X class bin. 

 

4.3.3. Filtering Data 

The filtering process places the data according to 

the data bin class value. Deleting bin CPT class data 

can be done by removing CPT data positioned above 

the CPT class bin one.  

This process is also applied to class CPT bin two 

and three. CPT will use in regression analysis must be 

smaller than the boundary class bin CPT. The bin class 

system is also applied to delete SPT data, which is 

considered an outlier using the same procedure. The 

process of removing outlier data will also apply to 

eight soil types, and it can follow in Eq. (6): 

                                    (6) 

  
where  is data series will be used in the power 

regression process,  standardized data from the 

previous step. The  is positive they will be 

deleted; otherwise, they will be used in both linear 

regression and power regression. 

 

4.4. Processing Linear and Power Regression 

The statistical analysis is applied using Linear 

Regression to produce new equations between NSPT 

and CPT and Power Regression for further 

comparisons between NSPT and sleeve friction (fs). 

 

5. Proposing a New Function of NSPT– 

CPT and Sleeve Friction (Fs) – CPT 
Many previous researchers emphasized the 

importance of the correlation between SPT and CPT; 

this shows that the need for a positive relationship in 

further CPT data can be used in a design approach 

based on SPT. The type of hammer influences the 

NSPT because it will be affected by energy travel 

transferred through the stem. During SPT investigation, 
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the energy delivered to the rod can vary from 30 % - 80 

% of the theoretical maximum. On the other hand, CPT 

is influenced by the type of penetrometer type and the 

procedure for pressing cones into the soil [15]. Many 

Qc/N ratios are determined by the mean grain size [16], 

hammer type SPT, and soil density make the Qc/N 

change. For certain soil types, the comparison between 

NSPT and CPT depends on several factors, including 

void ration, effective overburden pressure, shape and 

distribution of grain size, groundwater pressure, and 

soil structure. However, it is not easy to quantify it with 

penetration test data. 

The correlation between CPT and SPT proposed by 

Robertson, 1983 is then upgraded by considering 

discontinuity values [17]. Other relationships 

developed using the grain size approaches D50 [14] 

show that D50 will increase the Xp assuming that the 

amount of fines content is a proper parameter for 

determining Xp [16] and [18]. CPT and NSPT 

correlations for soil sand types in Florida showed that 

the NSPT and Qc relationships produced better 

relationships than fs and NSPT [19]. Empirical 

equations for SPT-CPT and dynamic probing light 

(DPL)-CPT correlations for sandy soils have been 

proposed. The use of the arithmetic average method 

and linear regression is used to show the close 

relationship between several types of soil such as Silty 

Sand, Sandy, Silt Clay, and Lean Clay with the results 

of the investigation of the good agreement for fine 

grants while showing a little variation for coarse-

grained soils [7]. The correlation between SPT and 

CPT produces the equation Xp = Qc/N = 0.4. The grain 

size factor also affects the Xp. The larger the grain size, 

the higher the Xp produced. The study shows the 

correlation between NSPTs and Qc is applied to 5 types 

of soil: Silty Sand, Sand, Gravelly Sand, Sandy Silt, 

and Clay. The study is conducted using SPT and CPT 

field data. It is supported by laboratory analysis of filter 

tests to obtain the optimal value of the soil's size that 

passes on a mesh scale of 200. The four soil types, 

namely, Clayey Sand, Silt, and Sandy Clay, were not 

applied to this correlation, taking into account the 

absence of CPT data and grain size analysis (see Fig. 

3). Summary of types of lithology that are spread in the 

Bantul area, Yogyakarta Province. 

 
Fig. 3 Frequency distribution lithology in Bantul District, 

Yogyakarta Province 

 

The type of sandy soil characterized by an average 

grain size of 20.64%, passing the 200 (μm) sieve test 

found at the study site represents a particle size with 

low gradation and a unique flow pattern, making it 

susceptible to liquefaction. Sandy soil has excellent 

characteristic drainage, good shear stress, and low 

compression levels. The correlation between the NSPT 

and Cone Tip Penetration parameters uses 152 pairs of 

data from 29 observation points with a range of NSPTs 

4 - 40 and a Qc between 0.35 - 24.5 MPa. The 

correlation produces a strong relationship between Qc 

and NSPT with a correlation coefficient of 0.756 

(Figure 4a).  

Gravelly sand is characterized by grain size passing 

the average of 22.02% using a 200 (μm) sieve filter 

size. The study used nine field data for various depths, 

combined with laboratory analysis in a filter test 

resulting in 51 data pairs Qc and NSPT, which 

described the NSPT distribution as the lowest 4 and the 

highest 33. While the Qc distribution with the lowest is 

0.07 and the highest 19.11, the proposed equation 

(Figure 4b) produces a strong correlation with the 

correlation coefficient (R) of 0.758. For Silty Sand, the 

proposed equation is generated from field data of 14 

observation points with 66 pairs of Qc and NSPT data 

at various depth ranges. The sieve test results showed 

that the grain size characterizes the Silty Sand passed 

an average of 36.3% using a sizing of 200 (μm) sieves. 

The built coefficient produces 0.679, while the Qc 

distribution with the lowest is 0.86 and the highest 

24.157. 

For the Sandy Silt, the data used are from 5 

observation points with 22 pairs of Qc and NSPT 

(Figure 4d). The distribution of the NSPT for the 

lowest is 5, and the highest is 50, while for Qc, the 

lowest is 0.27 and the highest is 5.82. The correlation 

results show a coefficient of 0.734. The Clay 

Correlation is developed using 18 pairs of data from 7 

locations. The correlation is produced with an average 

composition of granules size passing the 200 mesh by 

36.43%. The NSPT data range with the lowest of 15 

and the highest of 34, while the lowest Qc of 4.69 and 

the highest of 14.34 MPa produces a correlation 

coefficient (R) 0. 865 (Fig. 4). 

The statistical approach, the Z score [20] and [21], 
is also implemented to produce a correlation between 

NSPT and sleeve friction (fs) as standardized data 

formulations. The process is needed as data preparation 

before the linear regression process is carried out to 

form an equation that describes the correlation between 

NSPT and fs. The steps are taken to dispose of outliers 

in the NSPT, and fs correlations are used. The same 

approach is applied to the NSPT and Qc correlation 

analysis so that the correlation results can be described 

optimally. In detail, it can refer to section 3, Data 

Processing and Analysis. Modeling using a linear 

regression statistical approach is used to obtain a 
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correlation between two variables. The modeling 

consists of independent variables (x) and dependent 

variables (y), explained in the general form of the 

equation as follows: 

                                                 (7) 

where y is the dependent variable, a is an independent 

variable, b is intercepted, and ei is the residual 

representing the deviation of the observation value and 

the Y value's predicted value. The correlation between 

SPT and CPT only uses the y variable and ax [22], [23], 

and [24]. For that format, the coefficients that will be 

proposed which explain the relationship between NSPT 

and CPT are as follows: 

                                                                (8) 

where Qc is of the Cone Resistance test while N is the 

NSPT. The CPT and NSPT equations are proposed 

using a mathematical form approach based on Median 

soil and fines content [16] and [22]. 

The publication of the equation between NSPT and 

CPT submitted by previous researchers uses several 

different approaches. Some researchers used 

mechanical cones with NSPT that are not corrected, but 

some use an electrical cone penetration test approach 

with a combination of NSPT corrected for hammer 

efficiency. Previous researchers' statistical method also 

looks still vague. Hence the potential for an outlier is 

biased. The combination of gradual statistics proposed 

in the paper is essential to be implemented.  

Figure 5a – b shows the relationship between NSPT 

and fs, indicating a positive trend where the greater 

NSPT, the greater the fs produced. Meaningly, the 

rougher the grain size found in each penetration 

activity, the greater the penetration obtained. The 

sleeve friction shows that the distribution of sandy soil 

types is relatively homogenous. The correlation 

coefficient produced is 0.648, which shows a 

reasonably good correlation between NSPT and fs 

(Figure 5a), with the lowest NSPT 1 and the highest is 

19.8 while the lowest of fs is 0.76775 and the highest is 

188.16. For Gravelly Sand, the distribution pattern 

spread with the lowest NSPT limit is 3, and the highest 

is 33, while the lowest fs is 22.5718 and the highest is 

225,694 (Figure 5b). The resulting correlation 

coefficient (R) is 0.77084. Silty sand has the lowest 

limit of NSPT 3 and the highest 35, while the fs 

distribution is 23.52, and the highest of 76,775 

produces a correlation coefficient (R) of 0.776 (Figure 

5c). The correlation is relatively diffuse but shows a 

uniform pattern with the more considerable NSPT, 

contributing to the more excellent tip resistance value. 

The overall association of the 5 soil types proposed 

in this research shows the correlation between NSPT 

between CPT and fs has a positive trend, and those 

relationships can be seen in Table 1 and Table 2 as 

follow: 

 

Table 1 Proposed correlation for NSPT and Qc 

No. Soil Type Correlation Equation 

Coefficient 

Corr. (R) 

1 Gravelly Sand Qc = 0.4602 N – 0.295 0.759 

2 Sand Qc = 0.4037 N + 0.4879 0.756 

3 Silty Sand Qc = 0.7201 N - 2.0387 0.679 

4 Sandy Silt Qc = 0.2376 N – 0.5761 0.734 

5 Clay Qc = 0.2994 N + 2.4232 0.863 

 
Table 2 Proposed correlation for NSPT and sleeve friction (fs) 

No. Soil Type Correlation Equation 

Coefficient 

Corr. (R) 

1 

Gravelly 

Sand fs = 4.9064 N +15.642 0.771 

2 Sand fs = 6.7098 N + 22.797 0.648 

3 Silty Sand fs = 1.7701 N + 23.274 0.776 

4 Sandy Silt fs = 0.2985 N + 20.192 0.858 

5 Clay fs = 1.4622 N + 62.345  0.904 

 

Based on the equation of the regression results 

between NSPT to Qc, a pattern of comparison of the 

Qc/N gets smaller with the increasing importance of 

fines content. The coefficient correlation also has a 

linear relationship between NSPT and Qc which tends 

to be higher than Gravelly Sand to Clay (Table 3). The 

a is due to the uniform and homogeneous nature of the 

soil under investigation. NSPT correlation to Vs. 

Shows a high fs distribution for Gravel and sand; the 

homogeneity of sand soil is dominant as a factor 

contributing significantly to high fs (Figures 5a and 

5b). The correlation coefficient also shows a significant 

relationship. Coefficient values generally show that 

Gravelly Sand to Clay shows a pattern that tends to 

rise. The higher the fines content indicates, the greater 

the correlation coefficient. 

 

6. Comparison and Validation 
The research's final stage of developing the new 

formulation is to conduct a comparative study of 

several formulations that previous researchers have 

proposed. The aim is to validate the proposed equation 

and make the confidence that the formulation results 

better reflect the optimal correlation between NSPT 

and CPT. The RMSE approach perceives the smallest 

error factor from the equation assumed due to the 

calculation approaching the field investigation data. 

RMSE close to zero indicates that the proposed 

correlation is valid. Overall, it can be seen in Table 3 

for the NSPT correlation against CPT and Table 3 for 

the NSPT correlation to the following sleeve friction 

(fs). Table 5 shows that the equation proposed to 

explain the relationship between NSPT and fs produces 

the smallest error factor. It can be assumed that the 

better the soil grain fragmentation will reflect, the 

smaller the error factor generated. 
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Fig. 4 Correlation between NSPT and Qc: a) sandy soil, b) gravelly sand, c) silty sand, d) sandy silt, e) clay soil 

 
Table 3 The RMSE that results from the equations proposed against 

the existing equation for sand, gravelly sand, silty sand, sandy silt, 

and clay for NSPT vs. Qc 

No Formula RMSE 

 Formulation for Silty Sand  

1 This work (proposed) 4.67 

2 [25] 6.09 

3 [26] 7.09 

4 [27] 63.84 

5 [5] 5.51 

6 [19] 7.99 

 Proposed for Gravelly Sand  

1 This work (proposed) 4.45 

2 [28] 6.21 

 Formulation for Sand  

1 This work (proposed) 58.41 

2 [27] 86.03 

3 [22] 88.76 

4 [29] 87.31 

5 [19] 95.82 

6 [21] 95.82 

 Formulation for Sandy Silt  

1 This work (proposed) 1.08 

2 [30] 2.18 

3 [29] 3.89 

4 [19] 0.77 

 Formulation for Clay  

1 This work (proposed) 2.68 

2 [30] 2.06 

3 [31] 23.09 

4 [27] 57.076 

5 [5] 2.06 
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Fig. 5 Correlation between NSPT and sleeve friction (fs): a) sandy soil, b) gravelly sand, c) silty sand, d) sandy silt, and e) clay soil 

 
Based on the results of this comparison, the error 

obtained from the proposed equation has an error factor 

with the smallest amount compared to the equation 

proposed by previous researchers. This judgment 

shows that a new model is close to the variation in its 

observations. Otherwise, it will be slightly different for 

clay, where the proposed equation has a slightly higher 

error value than the equation proposed by De Alencar 

Velloso and Lingwanda [5]. Interesting things related to 

the RMSE for the type of sandy soil. Table 4 shows 

that sand soil has a more significant error factor than 

clay because of the assumption that the influence of the 

amount of the shear-type of sand soil on the type of 

clay has a finer particle size. The accuracy of the new 

equation proposed to predict the fs of the data collected 

is also compared with the previous equation suggested 

using the RMSE approach. The formula proposed with 

RMSE 3,123 for sand and 2,396 for clay showed better 

performance in predicting the fs than other equations 

(Table 4). 

 
Table 4 The RMSE that results from the equations proposed against 

the existing equation for sand and clay for NSPT vs. sleeve fraction 

(fs) only for sand and clay 
No Formula RMSE 

 Formulation for Sand  

1 This work (proposed) 3.12 

2 [19] 4.35 

 Formulation for Clay  

1 This work (proposed) 2.39 

2 [32] 3.71 

3 [33] 80.29 

 

7. Conclusion 
The benefits of implementing investigations with 

the CPT method are identifying soil stratigraphy and 

identifying soil types. The availability of SPT and CPT 

data is a significant thing in the geotechnical 

investigation; consequently, the two results of the 

survey will complement each other. A stepwise 

statistical approach for identifying outliner potentials 

will result in the bias of the regression results being an 

alternative approach that can be used to find 

correlations between NSPT and CPT and fs. The 

combination of geotechnical data used in the form of 

NSPT data, Cone Type Resistance, and laboratory 

analysis of sieve test are used to explain NSPT 

Correlation to both Qc and fs, which showed a definite 

linear pattern, which means an increase in NSPT 

increased Qc and fs. The correlation formed between 

Qc/N generally indicates that the higher the Fines 

Content, the smaller the Qc/N ratio indicates that the 

more uniform the grain size, the lower the difference 

between SPT and CPT. The correlation coefficient 

generally shows that the more consistent the grain size, 

the higher the correlation coefficient indicates that the 

higher the Fines Content will show the better the 

correlation relationship. Overall, the correlation 

between NSPT and Qc shows that the type of Sand soil 

produces a correlation coefficient of 0.75651. The 

association between fs and NSPT shows a positive 

linear relationship. The kind of sand soil with 

exceptionally high content shows an upper sleeve 

fraction, which will result in a high intercept value. 

That proves that the higher the fines content, the more 

significant the amount of fs.  

 

Acknowledgment 
This project has been conducted as part of doctoral 

research at TÜ Berlin, Germany, sponsored by RISET-

PRO batch III, Ministry of Research and Higher 

Education (KEMRISTEK-DIKTI) 2015. The authors 

thank BAPETEN for supporting this research. The 

authors also express their gratitude to Prof. Stefano 

Parolai for constructive inputs in this project and the 

anonymous reviewers for their valuable suggestions. 

 

References 
[1] GUEN O. Correlation between SPT and CPT. NTNU, 

Trondheim, 2014. 

[2] TSUKAMOTO Y., ISHIHARA K., and SAWADA S. 

Correlation between penetration resistance of Swedish 

weight sounding tests and SPT blow counts in sandy soils. 

Soils and Foundations, 2004, 44: 13–24. 

[3] DAVIDSON J., MAULTSBY J., and SPOOR K. 

Standard Penetration Test Energy Calibration. Final Report 

and Appendices. University of Florida, Florida, 1999. 

[4] PEIXOTO A. S., ALBUQUERQUE P. J. D., and 

CARVALHO D. Utilization of SPT-T, CPT and DMT tests to 

predict the ultimate bearing capacity of precast concrete pile 

in Brazilian unsaturated residual soil. Geotechnical Special 

Publication, 2000, 99: 32-39. 



185 

 

[5] LINGWANDA M. I., LARSSON S., and NYAORO D. L. 

Correlations of SPT, CPT and DPL data for sandy soil in 

Tanzania. Geotechnical and geological engineering, 2015, 

33(5): 1221-1233. 

[6] AKCA N. Correlation of SPT–CPT data from the United 

Arab Emirates. Engineering Geology, 2003, 67(3-4): 219-

231. 

[7] ALAM M., AAQIB M., SADIQ S., JAN S., 

MANDOKHAIL M. B. A., and MAQSOOD-UR-REHMAN 

N.A. Empirical SPT-CPT correlation for soils from Lahore, 

Pakistan. MS&E, 2018, 414(1): 12-15. 

[8] ARAL I. F., & GUNES E. Correlation of standard and 

cone penetration tests: case study from Tekirdag (Turkey). 

IOP Conference Series: Materials Science and Engineering, 

2017, 245(3): 28-32. 

[9] BILGIN Ö., ARENS K., and DETTLOFF A. Assessment 

of variability in soil properties from various field and 

laboratory tests. Georisk: Assessment and Management of 

Risk for Engineered Systems and Geohazards, 2019, 13(4): 

247-254. 

[10] RAHARDJO W., SUKANDARRUMIDI, and ROSIDI 

H.M.D. Geologyical Map of Yogyakarta sheet 1:100000. 

Centre for Research and Development of Geology, Bandung, 

1985. 

[11] KWAK S., & KIM J. Statistical data preparation: 

management of missing values and outliers. Korean Journal 

of Anesthesiology, 2017, 70(4): 407-411. 

https://doi.org/10.4097/kjae.2013.64.5.402 

[12] SHIFFLER R. E. Maximum Z Scores and Outliers. The 

American Statistician, 1988, 42: 79-80. 

[13] SANTOSO S. Statistik multivariate. Elex Media 

Komputindo, Jakarta, 2010. 

[14] HAN J., PEI J., and KAMBER M. Data mining: 

concepts and techniques. Morgan Kaufmann, Waltham, 

2011. 

[15] ZEIN A. K. M., & AYOUB E. M. A study on the Axial 

Capacity of Bored piles and Correlations with SPT and CPT 

Data. Journal of Building and Road Research, 2016, 13(1): 

61-75. 

[16] ROBERTSON P. K., & CAMPANELLA R. G. 

Interpretation of cone penetration tests. Part I: Sand. 

Canadian geotechnical journal, 2011, 20(4): 718-733.  

[17] LUNNE T., POWELL J. J., and ROBERTSON P. K. 

Cone penetration testing in geotechnical practice. CRC 

Press, London, 2002. 

[18] CHIN C.-T., DUANN S., and KAO, T. SPT-CPT 

correlations for granular soils. 1st International Symposium 

on Penetration Testing, 1988, 1: 335-339. 

[19] JARUSHI F., ALKAABIM S., and COSENTINO P. A. 

New Correlation between SPT and CPT for Various Soils. 

World Academy of Science, Engineering and Technology, 

International Journal of Geological and Environmental 

Engineering, 2015, 9(2): 101-107. 

[20] KERYSZIG E. Advanced Engineering Mathematics. 

John Wiley and Sons Inc, Hoboken, 2007.  

[21] MARE D. S., MOREIRA F., and ROSSI R. 

Nonstationary Z-score measures. European Journal of 

Operational Research, 2017, 260(1): 348-358. 

[22] KULHAWY F., & MAYNE P. Manual on estimating 

soil properties for foundation design. Electric Power 

Research Inst., Cornell Univ., Ithaca, 1990. 

[23] KARA O., & GUNDUZ Z. Correlation between CPT 

and SPT in Adapazari, Turkey. 2nd International Symposium 

on Cone Penetration Testing, Huntington Beach, California, 

2010.  

[24] DOS SANTOS M. D., & BICALHO K. V. Proposals of 

SPT-CPT and DPL-CPT correlations for sandy soils in 

Brazil. Journal of Rock Mechanics and Geotechnical 

Engineering, 2017, 9(6): 1152-1158. 

[25] SCHMERTMANN J. H. Static cone to compute static 

settlement over sand. Journal of the Soil Mechanics and 

Foundations Division, 1970, 96(3): 1011-1043. 

https://trid.trb.org/view/127596  

[26] DANZIGER B. R., & VELLOSO D. A. Correlations 

between the CPT and the SPT for some Brazilian soils. 

Proceedings CPT’95, Linkoping, 1995, pp. 155-160. 

https://www.researchgate.net/publication/292702897_Correl

ations_between_the_CPT_and_the_SPT_for_some_Brazilia

n_soils  

[27] DANZIGER F. A. B., ALMEIDA M. S. S., PAIVA E. 

N., MELLO L. G. F. S., and DANZIGER B. R. The 

piezocone as a tool for soil stratification and classification. 

Proceedings XI COBRAMSEG, Brasília, 1998, pp. 917-926. 

[28] MEIGH A. C., & NIXON I. K. Comparison of in-situ 

tests of granular soils. Proceedings of 5th International 

Conference on Soil Mechanics and Foundation Engineering. 

Paris, 1961.  

[29] AHMED S., AL-REHAILY A. J., and YOUSAF M. 

Preliminary phytochemical screenig of Vernonia schimperi. 

International Journal of Medicinal Chemistry and Analysis, 

2014, 4: 226-230.  

[30] DE ALENCAR VELLOSO D. Oensaio de 

diepsondeering e a determinacao da capacidade de cargo do 

solo. Rodovia, 1959, 29. 

[31] BARATA L. E. S., BAKER P. M., GOTTLIEB O. R., 

and RÙVEDA E. A. Neolignans of Virola surinamensis. 

Phytochemistry, 1978, 17(4): 783–786. 

https://doi.org/10.1016/S0031-9422(00)94227-4  

[32] SHIOI Y., & FUKUI J. Application of N-Value to 

Design of Foundation in Japan. 2nd ESOPT, 1982, Vol. 1: 

40-93. 

[33] DECOURT L. Prediction of the bearing capacity of 

piles based exclusively on N values of the SPT. Proceedings 

of the 2nd European Symposium on Penetration Testing, 

Amsterdam, 1982, pp. 29-34. 
 

 

参考文: 

[1] GUEN O. 标准渗透率测试和圆锥穿透测试之间的相

关性。挪威科技大学，特隆赫姆, 2014. 

[2] TSUKAMOTO Y., ISHIHARA K., 和 SAWADA S. 瑞典

测重试验的耐穿透性与沙土中标准渗透试验击打次数之

间的相关性。土壤和地基, 2004, 44: 13–24. 

[3] DAVIDSON J., MAULTSBY J., 和 SPOOR K. 标准渗

透率测试能量校准。最终报告和附录。佛罗里达大学, 

1999. 

[4] PEIXOTO A. S., ALBUQUERQUE P. J. D., 和

CARVALHO D. 利用标准的渗透试验，圆锥渗透试验和

平板膨胀计试验来预测预制混凝土桩在巴西不饱和残留

土中的极限承载力。岩土特殊出版物, 2000, 99: 32-39. 

[5] LINGWANDA M. I.，LARSSON S. 和 NYAORO D. L.

坦桑尼亚沙质土壤的 SPT，中华映管和 DPL 数据的相关

性。 岩土工程，2015，33（5）：1221-1233。 

https://doi.org/10.4097/kjae.2013.64.5.402
https://trid.trb.org/view/127596
https://www.researchgate.net/publication/292702897_Correlations_between_the_CPT_and_the_SPT_for_some_Brazilian_soils
https://www.researchgate.net/publication/292702897_Correlations_between_the_CPT_and_the_SPT_for_some_Brazilian_soils
https://www.researchgate.net/publication/292702897_Correlations_between_the_CPT_and_the_SPT_for_some_Brazilian_soils
https://doi.org/10.1016/S0031-9422(00)94227-4


186 

 

[6] AKCA N. 标准渗透率测试的相关性–来自阿拉伯联

合酋长国的锥形渗透率测试数据。工程地质学 , 2003, 

67(3-4): 219-231. 

[7] ALAM M., AAQIB M., SADIQ S., JAN S., 

MANDOKHAIL M. B. A., 和 MAQSOOD-UR-REHMAN 

N.A. 巴基斯坦拉合尔土壤的经验标准渗透率-锥形渗透率

相关性. 管理科学与工程学报, 2018, 414(1): 12-15. 

[8] ARAL I. F., 和 GUNES E. 标准和锥形渗透测试的相关

性：来自泰基尔达（土耳其）的案例研究。物理研究所

会议系列：材料科学与工程, 2017, 245(3): 28-32. 

[9] BILGIN Ö., ARENS K., 和 DETTLOFF A. 通过各种田

间和实验室测试评估土壤特性的变异性。地质风险：工

程系统和地质灾害的风险评估和管理, 2019, 13(4): 247-

254. 

[10] RAHARDJO W., SUKANDARRUMIDI, 和 ROSIDI 

H.M.D. 日惹地质地图 1：100000。万隆地质研究开发中

心, 1985. 

[11] KWAK S., 和 KIM J. 统计数据准备：缺失值和异常

值的管理。韩国麻醉学杂志 , 2017, 70(4): 407-411. 

https://doi.org/10.4097/kjae.2013.64.5.402 

[12] SHIFFLER R. E. 最大 Z分数和离群值。 美国统计学

家, 1988, 42: 79-80. 

[13] SANTOSO S. 多元统计。雅加达艾力克斯媒体公司, 

2010. 

[14] HAN J., PEI J., 和 KAMBER M.  数据挖掘：概念和

技术。沃尔瑟姆·摩根·考夫曼, 2011. 

[15] ZEIN A. K. M., 和 AYOUB E. M. 用标准穿透试验和

圆锥穿透试验数据研究钻孔桩的轴向承载力及其相关性

。建筑与道路研究杂志, 2016, 13(1): 61-75. 

[16] ROBERTSON P. K., 和 CAMPANELLA R. G. 锥形渗

透测试的解释。第一部分：沙子。加拿大岩土工程杂志, 

2011, 20(4): 718-733.  

[17] LUNNE T., POWELL J. J., 和 ROBERTSON P. K. 岩

土工程实践中的圆锥体渗透测试。伦敦化学橡胶公司出

版社, 2002. 

[18] CHIN C.-T., DUANN S., 和 KAO, T. 颗粒土壤的标准

渗透率测试-圆锥渗透率测试相关性。第一届渗透测试国

际研讨会, 1988, 1: 335-339. 

[19] JARUSHI F., ALKAABIM S., 和 COSENTINO P. A. 

各种土壤的标准渗透率测试和圆锥渗透率测试之间的新

关联。世界科学，工程技术研究院，国际地质与环境工

程杂志, 2015, 9(2): 101-107. 

[20] KERYSZIG E. 高等工程数学。霍博肯约翰·威利父子

公司, 2007. 

[21] MARE D. S., MOREIRA F., 和 ROSSI R. 非平稳 Z 评

分措施。欧洲运筹学杂志, 2017, 260(1): 348-358. 

[22] KULHAWY F., 和 MAYNE P. 估算用于基础设计的土

壤特性的手册。伊萨卡州康奈尔大学电力研究所, 1990. 

[23] KARA O., 和 GUNDUZ Z. 土耳其阿达帕扎里的锥形

渗透测试与标准渗透测试之间的相关性。第二届锥形渗

透测试国际研讨会，加利福尼亚州亨廷顿比奇, 2010.  

[24] DOS SANTOS M. D., 和 BICALHO K. V. 关于巴西沙

质土壤的标准渗透率测试-锥渗透测试和轻锥渗透测试相

关性的动态探测的建议。岩石力学与岩土工程学报 , 

2017, 9(6): 1152-1158. 

[25] SCHMERTMANN J. H. 静态圆锥，用于计算砂土的

静态沉降。土壤力学与基础学报，1970，96（3）：

1011-1043。 https://trid.trb.org/view/127596 

[26] DANZIGER B. R. 和 VELLOSO D. A. 一些巴西土壤

的中华映管和 SPT 之间的相关性。会议论文集 CPT’95

， 林 雪 平 ， 1995 ， 第 155-160 页 。 

https://www.researchgate.net/publication/292702897_Correl

ations_between_the_CPT_and_the_SPT_for_some_Brazilia

n_soils 

[27] DANZIGER F. A. B.，ALMEIDA M. S. S.，PAIVA E. 

N.，MELLO L. G. F. S. 和 DANZIGER B. R. 压电二极管

作为土壤分层和分类的工具。会议论文集十一·科布拉姆

塞格，巴西利亚，1998，第 917-926页。 

[28] MEIGH A. C. 和 NIXON I. K. 粒状土壤的原位测试比

较。第五届土壤力学与基础工程国际会议论文集。 1961

年，巴黎。 

[29] AHMED S.，AL-REHAILY A. J. 和 YOUSAF M. 

Vernonia 变化的初步植物化学筛选。国际药物化学与分

析杂志，2014，4：226-230。 

[30] 阿伦卡·韦洛索（D. ALENCAR VELLOSO）独裁确

定货物。罗多维亚，1959，29。 

[31] BARATA L. E. S.，BAKER P. M.，GOTTLIEB O. R.

和 RÙVEDAE. A. 紫罗兰的 Neolignans。植物化学，1978

， 17 （ 4 ） ： 783-786 。 https://doi.org/10.1016/S0031-

9422(00)94227-4 

[32] SHIOI Y. 和 FUIUI J. N值在日本基金会设计中的应

用。第二届埃索普，1982，第一卷。 1：40-93。 

[33] DECOURT L. 仅基于 SPT的 N值来预测桩的承载力

。第二届欧洲渗透测试研讨会论文集，1982，阿姆斯特

丹，第 29-34页。 

https://doi.org/10.4097/kjae.2013.64.5.402

