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Application of cone penetration test (CPT) results for soil classification

The paper presents an application of CPT results for soil classification according to 
Unified Soil Classification System (USCS) and European Soil Classification System 
(ESCS) by using computer program KLASIF. The correlations between the CPT results 
and the parameters for soil classifications are shown. The relatively good success in 
soil classification using CPT results on the example of irrigation canal in Biđ bosut 
field is presented.
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Primjena rezultata statičkog penetracijskog pokusa za klasifikaciju tla

U radu je prikazana primjena rezultata CPT pokusa za klasifikaciju tla prema 
Jedinstvenoj klasifikaciji tla (USCS) i Europskoj klasifikaciji tla (ESCS) korištenjem 
računalnog programa KLASIF. Prikazane su korelacije između rezultata CPT pokusa i 
parametara za klasifikaciju tla. Na primjeru kanala za navodnjavanje Biđ-Bosutskog 
polja pokazano je relativno uspješno klasificiranje tla pomoću CPT pokusa. 
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Anwendung von Resultaten des statischen Penetrationsversuches zur 
Bodenklassifizierung

In dieser Arbeit wird die Anwendung von Resultaten des CPT Versuchs zur 
Bodenklassifizierung gemäß einheitlicher Bodenklassifizierung (USCS) und 
Europäischer Bodenklassifizierung (ESCS) mittels des Computerprogramms KLASIF 
dargestellt. Korrelationen zwischen Resultaten des CPT Versuchs und Parametern 
der Bodenklassifizierung werden erläutert. Am Beispiel des Bewässerungskanals des 
Feldes von Biđ-Bosut wurde eine relativ erfolgreiche Bodenklassifizierung basierend 
auf CPT Versuchen aufgezeigt. 
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1. Introduction 

The soil classification, i.e. division into categories and 
subcategories with pertaining symbols, enables understanding 
of mechanical behaviour of soil under the influence of load. 
Traditionally, soils were divided according to grain size into non-
coherent or coarse-grained soils (gravel and sand), and coherent 
or fine-grained soils (silt and clay). Non-coherent soils are then 
categorized based on their relative proportion in the total mass 
of the soil tested, while coherent soils are categorized according 
to their plasticity properties. The procedure for describing and 
labelling of soils is called soil classification.
The world’s most widely known and used soil classification is 
the Unified Soil Classification System (USCS), created through 
modification of the Airfield Classification System (ACS) [1, 
2]. Classifications according to the British Soil classification 
System (BSCS) [3-5] and the Deutsches Institut für Normung 
(DIN) are widely used in Europe [6]. Kovacevic and Juric-Kacunic 
[7] developed the European Soil Classification System (ESCS) for 
engineering purposes, which makes use of the soil description 
and symbols in line with the European standard EN ISO 14688-
1 [8, 9]. The system is based on soil classification principles 
prescribed in EN ISO 14688-2 [10, 11].
In order to ensure compliance with the European guidelines for 
soil description and classification, Kovačević et al. [12] placed 
emphasis on the need to develop information support for the 
implementation of ESCS and USCS in order to facilitate their 
parallel use, i.e. on the need to transfer to and adopt the soil 
classification that is in line with European guidelines.

2.  Information support for implementation of 
USCS and ESCS 

cal Engineering, Faculty of Civil Engineering in Zagreb. The pro-
gram provides IT support for implementing the USCS and ESCS 
classifications and facilitates their parallel use (Figure 1).

Figure 1. Initial user interface in CLASSIF

The CLASSIF was developed using Microsoft Excel and the 
Visual Basic for Applications (VBA) integrated programming 
languages, which enabled programming of special functions 
that are not included in Microsoft Excel. The program is available 
for download from the following link: http://www.grad.unizg.hr/
zavod_za_geotehniku.

Input data for both classifications are the same, which enables 
simple comparison of results. The total number of input 
parameters that can be set or changed is eight (Figure 2). After 
changing any of the input variables, new classification results 
are obtained, which is in line with the way Microsoft Excel works, 
although final results of the classification do not necessarily 
change with each change of the variables. For example, 
changing the liquid limit will not affect the result of the two soil 
classifications if the percentage of fine particles is below 5 %.
The results of soil classification using the CLASSIF for USCS and 
ESCS classifications are shown in Figure 3.

Figure 2. Entering of input variables into CLASSIF

Figure 3. Soil classification using the CLASSIF program

http://www.grad.unizg.hr/zavod_za_geotehniku
http://www.grad.unizg.hr/zavod_za_geotehniku
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3. Cone penetration test (CPT)

The basic principle of the CPT consists in pushing a specially 
designed probe into the ground at a controlled rate, with 
constant measurement of tip resistance at the tip of the probe 
and friction at the probe sleeve, activated upon pushing of 
the probe between the sleeve and the surrounding ground. In 
addition to determining the tip resistance and sleeve friction, it is 
also possible to measure pore pressure and temperature in the 
zone around the probe, collect data on seismic wave velocities, 
etc. CPT is widely applied in different types of soil. Its advantages 
are: fast and continuous measurements, repeatability and 
reliability of measuring, feasibility and productivity, and the fact 
that it is a strong theoretical basis for interpretation. Its main 
disadvantages are: pushing can be of limited use in gravels 
and cemented soils, handling can be done by skilful individuals 
only, no soil samples are taken, and high initial investments into 
equipment and personnel training are needed.
The following basic parameters are continuously measured 
during the pushing of the CPT probe: cone tip resistance (qc), 
sleeve friction (fs), and pore pressure (u2). Tip resistance (qc) 
represents the stress obtained as the ratio of the total axial 
load on the tip to the area of the cross-section of the tip (base). 
Sleeve friction (fs) represents the stress obtained as the ratio of 
the total friction force of the probe and the soil, occurring at the 
joint of the probe sleeve, to the measured area of the sleeve. Pore 
pressure (u2) represents the sum of the in situ pore pressure u0 
and the increase in pore pressure ∆u due to the pushing of the 
cone into the ground. Additional resistance at the tip is generated 
by the pressure gauge built into the probe and, for this reason, the 
corrected tip resistance qt = qc+u2(1-a) is used as the measured 
value, where a is the net tip area coefficient obtained through 
laboratory calibration (0.70 - 0.85). The friction ratio (Rf), defined 
as the ratio of sleeve friction to tip resistance at the observed 
depth, is often used for the interpretation of CPT results.
During years of research based on numerical simulation of the 
relevant process and comparison of results with other field 
and laboratory results, procedures based on the three values 
measured during the pushing of the probe into the ground 
(qt, fs and u2) have been established for classification, i.e. for 
determining the soil profile, mechanical characteristics of soil, 
parameters of soil flow and consolidation, and indication of soil 
sensitivity to liquefaction [13].

4. Charts for soil classification using the CPT

Scientists have been studying soil classification charts based on 
CPT for the past five decades. The first research in this area was 
presented by Begemann in 1965 [14]. He proved that, in general, 
coarse-grained soils have a higher tip resistance qc and sleeve 
friction fs compared to fine-grained soils, and that it is impossible 
to classify soils based solely on tip resistance or sleeve friction, but 
rather on their combination. He proved that soil type is a function 
of the relationship between the sleeve friction and tip resistance, 
expressed as friction ratio Rf. He created a chart showing the 

dependence between sleeve friction and tip resistance (Figure 4) 
in which friction coefficients are represented by line inclinations 
designating specific soil types. Begemann’s chart was created 
based on an experiment conducted using a mechanical tip in 
the soils of the Netherlands, and is closely dependent on the 
geological conditions based on which it was developed. For this 
reason, it is not widely applied today given that, for example, 
friction ratio in sand is usually below 1 %, whereas the lowest 
inclination in his chart amounts to 1.2 %.

Figure 4. Soil classification chart according to Begemann [14]

In 1974, Sanglerat at al. proposed a chart showing the dependence 
between the friction ratio and tip resistance, and thus confirmed 
the assumption that soil type is a function of the friction ratio as 
the independent variable, and the tip resistance as the dependent 
variable [15]. In 1978, Schmertmann pointed inter alia to the fact 
that pore pressure applied to the CPT probe can significantly 
affect the choice of soil type in line with the charts available at 
that time [16]. Douglas and Olsen were the first to suggest a soil 
classification chart using an electric penetrometer, and they linked 
that chart to the USCS in 1981 [17]. Pore pressure and stress 
were included in the soil classification chart in 1982 by Jones and 
Rust [18]. Robertson et al. introduced in 1986 a correction of tip 
resistance for the value of the measured pore pressure [19]. 
They also proposed a classification chart in which the soil type 
is dependent on the pore pressure coefficient and corrected tip 
resistance. In 1990, Robertson noticed that previous charts had 
been created based on CPT results for depths of up to 30 m, which 
is why classification results differed significantly for the same soil 
type at greater depths. He proposed introduction of normalised 
values for tip resistance and friction ratio compared to the value of 
normal vertical total and effective stress in the ground [20]. In 2009, 
Robertson improved the proposed chart by introducing normalised 
values of effective vertical stress [21]. In 2016, Mayne adapted 
Robertson’s chart by defining soil type boundaries according to 
values of the soil behaviour type index Ic (Figure 5) [22]. 



Građevinar 1/2017

14 GRAĐEVINAR 69 (2017) 1, 11-20

Lovorka Librić, Danijela Jurić-Kaćunić, Meho Saša Kovačević

Figure 5. Soil classification chart according to Mayne [22]

5.  Correlations between soil classification 
parameters and CPT results

Four groups of parameters are used in soil classification. The 
first group consists of one parameter - information on whether 
the soil sample being tested contains organic matter. Such 
samples are of a darker colour and have an unpleasant odour.
The second group consists of three parameters, i.e. the 
percentages of gravel, sand and fine particles in the total soil 
mass. They are obtained through the experiment for determining 
the particle size distribution of soil according to the US, i.e. 
European, standards, depending on whether the USCS or the 
ESCS classification is being conducted [23, 24]. Given that this 
soil classification is carried out on soil samples that have passed 
through a sieve and do not contain particles whose diameter is 
larger than the largest grain of gravel, the sum of the percentages 
of gravel, sand and fine particles should equal 100.
The third group consists of two parameters that characterise the 
grain size distribution curve of soil. These parameters are the 
coefficient of uniformity cu = D60/D10 and the coefficient of curvature 
cc=D30

2/(D60∙D10). D10, D30 and D60 are obtained from the results 
obtained by determining the particle size distribution of soil, and 
they represent characteristic grain diameters, of which 10 %, 30 % 
and 60 % of the sample mass contain grains of smaller diameter.
The fourth group consists of two parameters that characterise 
plastic properties of the soil. These are liquid limit wL and 
plasticity index IP = wL-wP. Liquid limit wL and plasticity limit wP 
are obtained through experiments for determining Atterberg’s 
limits in line with the US or European standards, depending on 
whether the USCS or the ESCS soil classification is used [25, 26].

5.1. Organic content

All previous research has shown that organic soils have an 
extremely high sleeve friction ratio and an extremely low tip 

resistance [14, 16, 20, 27, 28]. According to Robertson [20], a soil 
contains organic matter if the soil behaviour type index Ic> 3.60:

 (1)

where Qtn and Fr are the normalised tip resistance and the 
normalised friction coefficient, respectively, calculated using 
the following formula:

 (2)

 (3)

where: 
svo - total vertical stress in the ground
s’vo - effective vertical stress in the ground
pa - atmospheric pressure (100 kPa) 
n  -  stress exponent dependent on soil type and stress level, 

with possible values between 0 and 1 and calculated 
using the following formula:

 (4)

If formula (4) is combined with formulas (1) and (2) for calculating 
the stress exponent n, then we get: 

 
(5)

Given that the stress exponent n in formula (5) is located on both 
left and right sides of the equation, the iterative procedure must 
be used for its calculation. For the first iteration, on the right hand 
side n = 1.0, and the new n value is calculated. This procedure is 
repeated until the difference in the values of the exponent ∆n in 
two subsequent iterations is below or equal to 0.01.
In addition to the ground water level, the soil bulk density must 
also be defined in order to determine the total and effective 
vertical stress in the ground. According to Mayne [22], soil bulk 
density g (kN/m3) can be calculated using the sleeve friction fs 
(kPa) according to the formula:

 (6)

5.2. Percentage of fine particles

The first step in conducting soil classification is the division into 
fine-grained and coarse-grained soils. According to USCS and 
ESCS, a soil is classified as fine-grained if 50 % or more of the 
total quantity of a dry sample passes through a 0.075 mm sieve 
(sieve no. 200), that is 0.063 mm [7]. 
The percentage of fine particles in the soil increases with an 
increase in the sleeve friction coefficient, whereas the tip 
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resistance decreases [29-33]. According to Robertson and Wride 
[29], the percentage of fine particles (FC) can be calculated by 
using the soil behaviour type index Ic according to the formulas:

for lc < 1,26; FC = 0 [%] (7.a)

for 1,26 ≤ lc < 3,50; FC = 1,75 · lc3,25 [%] (7.b)

for lc > 3,50; FC = 100 [%] (7.c)

for 1,64 ≤ lc < 2,36 and Fr < 0,5 [%]; FC = 5 [%] (7.d)

5.3. Uniformity and curvature coefficients

According to USCS, coarse-grained soil can be either well graded or 
poorly graded, depending on the uniformity coefficient cu and the 
curvature coefficient cc. However, according to ESCS, coarse-grained 
soil can be well graded, medium graded, or poorly graded [7]. 
The uniformity coefficient cu increases and curvature coefficient 
cc decreases with an increase in the friction angle j [34-36]. 
According to Roy and Dass [34], uniformity and curvature 
coefficients can be calculated using the friction angle according 
to the following formulas:

cu = 0,794 · j - 19,548 (8)

cu = -0,083 · j + 3,127 (9)

The friction angle j increases with an increase in tip resistance 
[37-39]. According to Kulhawy and Mayne [37], the friction 
angle can be calculated using the tip resistance according to the 
following formula:

 (10)

By combining formula (10) with formula (8), we get the formula 
for calculating the uniformity coefficient by applying the cone 
penetration test results:

 (11)

By combining formula (10) with formula (9), we get the formula 
for calculating the curvature coefficient by applying the cone 
penetration test results:

 (12)

5.4. Liquid limit and plasticity index

Liquid limit wL and plasticity index IP increase with an increase in 
the sleeve friction ratiowhile at the same time the tip resistance 
decreases [31, 40, 41]. According to Cetin and Ozan [31], liquid 
limit and plasticity index can be calculated using the following 
formulas:

 (13)

 (14)

where qt,1,net is the normalised net tip resistance calculated as 
follows:

 (15)

where c is the stress exponent dependent on the type of soil and 
stress level that can vary between 0.25 and 1. It is calculated 
using the following formula:

 272,38 < R < 275,19 (16)

Parameter R in formula (16) is similar to the soil behaviour type 
index Ic and is calculated using the formula:

 (17)

If formula (16) is coupled with formulas (15) and (17) for 
calculating the stress exponent c, then we get:

 (18)

Given that stress exponent c in formula (18) is located both on the 
right and left sides of the equation, the iteration procedure has to 
be applied for its calculation. For the first iteration, on the right 
hand side c = 1.0 and the new c value is calculated. This procedure 
is repeated until the difference in the values of the exponent Dc is 
below or equal to 0.01 in two subsequent iterations.

6.  Application of CPT results in soil classification 
for the irrigation canal in Biđ-Bosut Field 

Construction of the ameliorative irrigation canal in Biđ-Bosut 
Field, 14772 m in length, is the first phase in the construction 
of the Danube-Sava multi-purpose canal. The excavation work 
for the canal has started at several locations in compliance with 
the existing detailed design. In the upper part, the design canal 
slope is 1:2. In its middle part, it becomes a wide berm, whereas 
in its lower part the slope amounts to 1:3. The average depth of 
the canal is approximately 7 m. The excavation work was carried 
out using power shovels, which is a typical machine for this type 
of work (Figure 6) [13].
Foundation soil at the location of the canal consists of a thin 
surface layer of humus, providing cover to the layer of low-to-high 
plasticity clay, below which there are loose sands with different 
proportions of fine particles. Groundwater was discovered at the 
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depth of 4-5 m. Slope stability problems, and channel excavation 
and profiling difficulties, were caused in 2012 by low ground 
water levels experienced during excavation works at canal 
sections II and VI. Excavation under groundwater levels in sands 
and silty sands represented an additional problem to the builders. 

During excavation under water, the soil would instantly turn into 
mud, and the slopes would erode. The work was interrupted in 
order to find a solution for proper excavation of the canal, such as 
construction of mild slopes under water, dry excavation involving 
drainage of water from the ground and construction pits, surface 
protection, etc. Given the evident fact that investigation works 
conducted for the detailed design purposes were not focused 
on resolving the problem of underwater excavation in loose and 
silty or clayey sands, the decision was made to conduct additional 
investigation works in order to gain better and more detailed 
insight into the foundational soil in the canal zone. 
Additional geotechnical investigation works at the part of 
the route from km 0+600 to km 4+800 included: fifteen 12 m 
deep boreholes spaced at average intervals of 300 m, with core 
classification, extraction of representative soil samples to be 
tested in laboratory and standard penetration tests (SPT) in the 
hole, trial pits 4-5 m deep at every 150 m along the considered 
canal route, together with soil classification and extraction of 
representative soil samples to be tested in the laboratory, cone 
penetration tests (CPT) for every hole together with two hold 

GB/CPTU RPV Number z [m] qt [MPa] fs [kPa] wL [%] IP [%] FC [%] cu cc 

GB-4/CPTU 4 4.70

1 2.30 1.34 126.10 45.32 21.23 67.95   

2 3.90 2.48 65.50 36.53 15.02 43.34   

3 5.20 1.90 36.80 31.15 13.95 54.88   

4 7.20 1.93 54.40 32.25 14.10 57.22   

5 11.00 23.07 79.60   4.56 2.94 1.44

GB-5/CPTU 5 5.00

6 2.30 0.91 102.00 47.86 29.20 62.07   

7 3.40 0.82 82.80 66.12 36.87 74.15   

8 4.70 1.35 14.50 32.15 14.25 39.22   

9 6.10 2.09 40.80 36.22 19.12 42.64   

10 10.50 19.00 82.00   4.02 5.00 1.80

GB-6/CPTU 6 5.60

11 2.00 1.05 92.00 53.25 29.93 65.22   

12 3.20 0.68 31.00 55.26 31.01 69.12   

13 6.10 0.82 15.00 47.44 25.81 65.07   

14 8.10 0.51 13.00 71.25 38.00 92.15   

15 10.20 10.19 18.00   3.25 4.65 2.12

GB-7/CPTU 7 5.30

16 3.70 1.17 82.00 44.12 32.57 67.22   

17 4.50 0.90 63.00 66.12 43.87 82.25   

18 6.40 1.09 55.20 53.42 29.79 61.52   

19 8.60 1.82 65.66 33.36 14.26 57.98   

20 10.30 14.27 20.00   4.38 1.92 1.17

GB-8/CPTU 8 4.80

21 3.60 1.21 54.80 46.79 25.98 59.12   

22 4.60 1.20 37.00 38.91 16.16 62.18   

23 5.50 1.03 35.40 52.50 29.23 55.82   

24 6.80 0.98 13.20 35.10 13.26 51.17   

25 9.10 14.32 66.14   4.55 3.55 1.25

Table 1. Results of the conducted CPT and laboratory classification tests

Figure 6. Canal excavation works [13]
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tests for each hole, 15 piezometers with measuring points at 
approximately 8 m of depth for trial pumping conducted in drill 
holes, and laboratory testing for samples obtained from the holes 
(consistency levels, particle size distribution, direct shear). Layout 
of several drill holes (GB-4 to GB-8) and cone penetrations tests 
(CPTU 4 to CPTU 8) used in this paper are shown in Figure 7. 

Figure 7.  Positions of the relevant investigation works from km 
1+450 to km 2+450

Table 1 shows cone penetration testing and laboratory 
classification testing results for samples taken at the same 
depths, which served to determine soil classification parameters 
using the shown statistic correlations. Tables 2 and 3 show 
comparative results of the USCS and ESCS soil classifications 
made using the CLASSIF program.
In Tables 2 and 3, the samples for which the application of 
CPT results and the shown correlation have led to a successful 
soil classification are marked in black, while the samples with 
unsuccessful classification are marked in red. It is evident that 
in both classifications there is a good percentage of successful 
soil classification attempts using the CPT results, despite the 
fact that the correlations were developed on different soils 
across the globe for which every author noted that they should 
be tested and corrected on local soil. This is due to the fact 
that, for soil classification, high accuracy of the forecast of 
classification parameters is not required, i.e. they should just 
be within a certain interval defined by a certain symbol, i.e. soil 
group name. Thus, for example, with USCS, it is important that 
the percentage of fine particles (FC) is within the 6 possible 
intervals; 0 % - 5 %, 5 % - 12 %, 12 % - 50 %, 50 % - 70 %, 70 % - 85 

Table 2. Comparison of results of laboratory and CPT soil classification using the USCS classification 

Number
USCS - laboratory USCS - CPT

Symbol Group name Symbol Group name

1 CL Sandy lean clay CL Sandy lean clay

2 SC Clayey sand SC Clayey sand

3 CL Sandy lean clay SC Clayey sand

4 CL Sandy lean clay SC Clayey sand

5 SP Poorly graded sand SP Poorly graded sand

6 CL Sandy lean clay CH Sandy fat clay

7 CH Fat clay with sand CH Fat clay with sand

8 SC Clayey sand SC Clayey sand

9 SC Clayey sand SC Clayey sand

10 SP Poorly graded sand SP Poorly graded sand

11 CH Sandy fat clay CL Sandy lean clay

12 CH Sandy fat clay CH Sandy fat clay

13 CL Sandy lean clay CL Sandy lean clay

14 CH Fat clay CH Fat clay

15 SP Poorly graded sand SP Poorly graded sand

16 CL Sandy lean clay CH Sandy fat clay

17 CH Fat clay with sand CH Fat clay with sand

18 CH Sandy fat clay CH Fat clay with sand

19 CL Sandy lean clay CL Sandy lean clay

20 SP Poorly graded sand SP Poorly graded sand

21 CL Sandy lean clay CL Sandy lean clay

22 CL Sandy lean clay CL Sandy lean clay

23 CL Sandy lean clay CL Sandy lean clay

24 CL Sandy lean clay SC Clayey sand

25 SP Poorly graded sand SP Poorly graded sand
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% and 85 % - 100 %. With ESCS, there are 5 possible intervals: 0 
% - 5 %, 5 % - 15 %, 15 % - 50 %, 50 % - 85 % and 85 % - 100 %. For 
this reason, it would be more favourable for soil classification 
in statistic analyses, or through artificial intelligence, to classify 
the percentage of fine particles in relevant intervals, instead of 
determining their numerical value.
With USCS, the percentage of successful soil group assignment 
was 72 %, while with ESCS it was 76 %. The reason for this is 
sample No. 18, which, according to laboratory results, contains 
38.08 % of sand, and no more than 28.14 % according to CPT 
results. According to USCS, the fine-grained soil that contains 
30 % or more of sand is described as "sandy" at the beginning 
of the group name, and fine-grained soil that contains between 
15 % and 30 % of sand is described with the phrase "with sand" 
added at the end of the group name. Therefore, the result of 
the laboratory classification is "sandy fat clay", and the CPT 
classification result is "fat clay with sand". According to ESCS, 
fine-grained soil with 15 % or more of sand is described as 
"sandy" at the beginning of the group name. Therefore, the 
result of both laboratory and CPT classifications is "sandy clay 

of high plasticity". The efficacy of determining soil symbols is 
the same for both classifications, although it is to be expected 
that for a larger number of samples the efficacy of ESCS will 
be higher. This is due to the fact that, with USCS, different soil 
group names can be attributed to the same symbol, whereas 
with ESCS, each symbol can indicate only one soil group name. 
For example, samples no. 14, 17 and 18 in USCS are all marked 
CH, but have different soil group names: "fat clay", "fat clay with 
sand", and "sandy fat clay".
The relatively sound prognosis of soil classification according to 
USCS and ESCS presented in this paper via the example of the 
Biđ-Bosut Field irrigation canal, using correlations shown in the 
paper, should nevertheless be taken with some reservations. A 
relatively small number of samples was used for comparison 
(25), which is not statistically relevant. The soil profile consisted 
of a small number of different materials: 16 samples of clay of 
varying plasticity with a significant content of sand, 5 samples 
of pure sand, 3 samples of clayey sand and only 1 sample of 
high plasticity clay. There were no samples of silty sand, nor 
samples of silt with varying content of sand. To enable the use of 

Table 3. Comparison of results of laboratory and CPT soil classification using the ESCS classification

Number
ESCS - laboratory ESCS - CPT

Symbol Group name Symbol Group name

1 saClI Sandy clay of medium plasticity saClI Sandy clay of medium plasticity

2 clSa Clayey sand clSa Clayey sand

3 saClL Sandy clay of low plasticity clSa Clayey sand

4 saClL Sandy clay of low plasticity clSa Clayey sand

5 GrP Poorly graded sand GrP Poorly graded sand

6 saClI Sandy clay of medium plasticity saClH Sandy clay of high plasticity

7 saClH Sandy clay of high plasticity saClH Sandy clay of high plasticity

8 clSa Clayey sand clSa Clayey sand

9 clSa Clayey sand clSa Clayey sand

10 GrP Poorly graded sand GrP Poorly graded sand

11 saClH Sandy clay of high plasticity saClI Sandy clay of medium plasticity

12 saClH Sandy clay of high plasticity saClH Sandy clay of high plasticity

13 saClI Sandy clay of medium plasticity saClI Sandy clay of medium plasticity

14 ClH Clay of high plasticity ClH Clay of high plasticity

15 GrP Poorly graded sand GrP Poorly graded sand

16 saClI Sandy clay of medium plasticity saClH Sandy clay of high plasticity

17 saClH Sandy clay of high plasticity saClH Sandy clay of high plasticity

18 saClH Sandy clay of high plasticity saClH Sandy clay of high plasticity

19 saClI Sandy clay of medium plasticity saClI Sandy clay of medium plasticity

20 GrP Poorly graded sand GrP Poorly graded sand

21 saClI Sandy clay of medium plasticity saClI Sandy clay of medium plasticity

22 saClI Sandy clay of medium plasticity saClI Sandy clay of medium plasticity

23 saClI Sandy clay of medium plasticity saClI Sandy clay of medium plasticity

24 saClI Sandy clay of medium plasticity clSa Clayey sand

25 GrP Poorly graded sand GrP Poorly graded sand
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these correlations in practice, it would be necessary to conduct 
extensive research on a large number of samples containing a 
large number or almost all soil types referred to in USCS and 
ESCS.

7. Conclusion

Soil classification is usually carried out based on results of 
laboratory experiments conducted on disturbed samples of 
soil extracted from test drill holes. Samples are taken, on an 
average, for every 2 meters of depth, i.e. every time a layer 
changes, and this is the maximum resolution for describing 
and classifying soil. By applying the cone penetration test, soil 
data can be obtained for every 2 cm of depth, which ensures 

greater reliability of soil data. Soil classification using the 
cone penetration test results has been a great challenge in 
geotechnical engineering.
Four groups of parameters are used in soil classification. Direct 
and indirect correlations with CPT results have been developed 
for each of the parameters used in soil classification. The 
application of results obtained in the classification of soil at 
the Biđ-Bosut Field irrigation canal has displayed a relatively 
successful use of shown correlations, although it should be 
noted that the number of samples and different soil types used 
were quite small. For soil classification in statistic analyses or 
through artificial intelligence, it is recommended to classify each 
parameter within the relevant interval, instead of determining 
their numerical value.
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