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The effect of methodology on determining the liquid
limits values of selected organic soils
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Abstract: This paper discusses the use of the Casagrande Cup and Cone Penetrometer Methods for
determining the liquid limit of selected organic soils in in the south-eastern region of Poland in laboratory
conditions in accordance with the latest standard guidelines. 10 methods established on the basis of
literature materials were used to interpret the test results: 4 for test in the Casagrande Cup and 6 for
the Cone Penetrometer. The results were compared and used to determine the parameters necessary
to assessment of consistency of all type of soils, e.g.: plasticity index 𝐼𝑃 (%), consistency index 𝐼𝐶
(–) or liquidity index 𝐼𝐿 (–). The knowledge of these parameters makes it possible to determine the
degree of plasticity of the tested soils using the Cassagrande chart. The conducted research and analyses
have shown that the results of determining the liquid limit using the selected methods are not always
comparable. The application of calculation methods based on the results of laboratory tests organic
soils carried out in accordance with the procedures of the one standard (PN-B-04481: 1988), in the
case of interpretation with Method No. 5 and Method No. 7, generated results with the widest range
and the highest values in relation to the reference values (Method No. 1). In terms of the suitability
of a given method, the type of tested soil, extremely complicated, diverse and heterogeneous structure
turned out to be important, and most importantly, the content of organic parts, as evidenced by the
results of consistency determination.
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1. Introduction

Classification and determination of geotechnical parameters of organic soils that can be
used for design purposes is complicated, time-consuming and to a large extent requires an
approach different from that used in the case of typical mineral soils, which the author has
repeatedly shown in publications, verifying classic and prototype research methods [1–5]
and artificial intelligence (Artificial Neural Networks) [6, 7].
The basis for estimating the suitability of plastic (cohesive, fine-grained) mineral soils

for foundation purposes is the knowledge of the condition or consistency of the soil. The
leading parameters are: plasticity index 𝐼𝑃 (%), plasticity degree 𝐼𝐿 (–) or consistency index
𝐼𝐶 (–) and the basis for their determination is the determination of theAtterberg limits. In the
case of organic soils, there are no guidelines for their determination other than for mineral
soil, but due to a completely different nature thanmineral soil, thesemethods require special
verification. The determination of the liquid limit 𝑤𝐿 (%), which can be determined using
the Casagrande Apparatus or the Cone Penetrometer, raises particular doubts. Therefore,
the study attempts to verify the suitability of knownmethods of determining the liquid limit
in the tests of organic soils. First of all, the methods of interpreting research results, the
method of which are described in detail later in the study, require verification. Therefore,
the study attempts to verify the usefulness of known methods of determining the liquid
limit 𝑤𝐿 in the research of organic soils, the knowledge of which may be useful when
designing deep – indirect foundations.
The researches works aimed at verifying the usefulness of these methods have been

undertaken by many researchers in the World [8–26] and in Poland [27–32], but very few
refer to organic soils. Nowadays, the basic source of information in the field of labora-
tory and field tests of soils is the second part of the Eurocode 7 [33] standard, which,
apart from the characteristics and description of test methods, also includes appendices
explaining how to interpret the obtained results. This information is supplemented by the
Technical Specifications package published in 2009, introducing detailed testing proce-
dures for specific laboratory methods, and the document relating to the determination of
consistency limits is PKN-EN ISO/TS 17892-12: 2009: Geotechnical investigation and
testing. Laboratory testing of soil. Part 12: Determination of Atterberg limits [34]. In 2018
another thematic standard was introduced, PN-EN ISO 17892-12: 2018-08. Geotechnical
investigation and testing. Laboratory testing of soil. Part 12: Determination of liquid and
plastic limits [35]. For the purposes of this work, the latest guidelines contained in the 2018
standard were used.

2. Methods and materials

2.1. Characteristics of study area

The all testing sites were established in the Podkarpackie Voivodeship, located in the
south-eastern part of Poland. The region covers three separate physiographic lands, very
varied significantly in terms of geological structure and topography. In the northern part
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of the Sandomierz Basin is located in the middle of the Carpathian Foothills, Beskidy
Mountains in the south, dividing the Bieszczady and Beskid Niski, and part of Roztocze in
the north-eastern part [36]. The locations of the testing sites were selected on the basis of
own archived exploratory research, where existence of relatively shallow located different
organic soils. The samples with disturbed structures of selected organic soils for laboratory
researches were collected from three locations of testing sites: Czarna (soil No. 1), Mielec
(soil No. 2) and Rzeszów (soil No. 3) of subsoils. The locations illustrated in Figure 1.

Fig. 1. The locations of selected testing sites in the Podkarpackie voivodeship by Google Maps

The origin of the samples organic soils:

– The samples soil No. 1 were collected from testing site at the Czarna area from the
geotechnical layer separated on the basis of test drillings, which a variable thickness
was from 0.9 to 2.3 m.

– The samples No. 2 came from testing site on the outskirts of the city of Mielec in
the north-western part of the Podkarpackie Voivodeship, where during the ground
investigation, it was found that in the near-surface zone of the site there is a layer of
organic soils with a thickness of about 2 m.

– The samples soil No. 3 obtained for research from testing site on the in the area of
single-family houses in the eastern part of Rzeszów on the floodplain the Wisłok
river, where located layer organic soil which thickness was from 1.7 to 7.5 m.

The detailed data on the tested organic soils are provided in the research part of this work.
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2.2. The determination of leading parameters of organic soils
with a lab test

2.2.1. Determination of particle size distribution
The HELOS Laser Diffractometer manufactured by Sympatec GmbH is a particle size

measuring device,which uses light diffraction at the interface of the particle asmeasurement
principle. Particle size distribution of the sample is derived from the diffracted light beam
recorded at the detector using Fraunhofer theory. Importantly, for particle size analysis with
this method, knowledge of the optical parameters of the test substance is not required.
The measuring range of HELOS is very wide, from 0.1 µm to 8750 µm, because it

utilizes seven different optical modules, each covering different range of particle sizes. The
modules are selected following Sympatec approach: the chosen technology must meet the
demands of the tested product. Each optical module is made of a single Fourier lens or a
group of lenses. Module’s focal length allows the light rays bent due to diffraction to be
focused on the detector, not outside it. For themeasurement to be reliable, the particles must
enter the measuring zone dispersed to their original form. HELOS diffractometer can work
with dry dispersion (RODOS, dispersion in compressed air), wet dispersion (QUIXEL,
dispersion in liquid), and if necessary, it is also possible to combine both methods of
dispersion (OASIS system). An example of a set for dry measurements was presented
Figure2.

Fig. 2. The set for dry measurements: HELOS diffractometer,
RODOS dispersant, VIBRI feeder [37]

Soil samples were tested in the wet dispersion system. The QUIXEL device is equipped
with a basin for dispersing liquid, a centrifugal pump, a system that emits ultrasounds in
order to break up agglomerates and a cuvette placed in the measuring zone in which
the tested sample flows. The sample was placed in a beaker with a magnetic stirrer.
While stirring, about 5 ml of sample was collected with a pipette and placed in the basin
containing 1000 ml of dispersing liquid (demineralized water). The amount of sample is
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chosen so that the optical concentration (percentage of the light beam obscured by the
particles) is in the range of 15–25%. Too high optical concentration “blinds” the detector,
disturbing the measurement. In the next stage, the sample is exposed to ultrasounds for
60 seconds, which breaks up the agglomerates, dispersing the particles into their original
form. The centrifugal pump runs all the time, mixing the liquid at a speed of 1000 rpm.
Once the operation of ultrasound has ended, the dispersing liquid with particles flows
through the cuvette placed in the measuring zone, where the measurement takes place.
For these particular measurements two optical modules were utilized: R3 (focal length
100 mm) and R5 (focal length 500 mm). The laser beam passes successively through the
measuring zone where diffraction occurs, gets focused at the optical module and finally
hits the detector. The reference signal (recorded prior to sample introduction) is subtracted
from the measurement signal recorded after diffraction, and the obtained values of the light
intensity at the individual detector elements are converted by the computer into the particle
size distribution [37].

2.2.2. Determination of leading parameters

The determination of:
– Water content 𝑤 (%) was carried out in accordance with the guidelines of the Polish
standard PN-EN ISO 17892-1: 2015 [38].

– Bulk density 𝜌 (t/m3) was carried out in accordance with the guidelines of the Polish
standard PN-EN ISO 17892-2: 2015 [39].

– Plasticity limit 𝑤𝑃 (%) was carried out in accordance with the guidelines of the
Polish standard PN-EN ISO 17892-12: 2018 [35].

– Liquidity limit 𝑤𝐿 (%) was carried out in accordance with the guidelines of the
Polish standard PN-EN ISO 17892-12: 2018 [35].

– Organic matter content LOI𝑇 (%) was based on standard [40] and the results of the
research presented in the paper [3, 4].

The calculations of the plasticity index 𝐼𝑃 (%) was carried out in accordance with the
guidelines of the standard PN-EN ISO 14688-2: 2018-05 [41] based on the Formula (2.1):

(2.1) 𝐼𝑝 = 𝑤𝐿 − 𝑤𝑃

where: 𝑤𝐿 – liquidity limit (%), 𝑤𝑃 – plasticity limit (%).
The calculations and term used for the designation of the plasticity index 𝐼𝐶 (–) was

carried out in accordance with the guidelines of the standard PN-EN ISO 14688-2: 2018-
08 [41] based on the Formula (2.2):

(2.2) 𝐼𝐶 =
𝑤𝐿 − 𝑤

𝐼𝑃

where: 𝑤𝐿 – liquidity limit (%), 𝑤 – water content (%), 𝐼𝑃 – plasticity index (%).
The classification of the tested soils was carried out according to their plasticity (degree

of plasticity)with the use of plasticityCassagrande’a chart in accordancewith the guidelines
of the standard PN-EN ISO 14688-2: 2018-08 [41].
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2.3. The evaluation of liquidity limit based on laboratory test

The value of the liquidity limit 𝑤𝐿 (%) in laboratory tests is most often determined
by the Casagrande Cup and Cone Penetrometer, two independent methods specified by
standards of a properly prepared ground paste with changing water content. The usefulness
of both methods for mineral soils is commonly known and confirmed, while in the case of
organic soils it is not finally confirmed, so for the purposes of this study, i.e. for comparative
purposes, laboratory tests were carried out simultaneously using bothmethods and the same
ground paste. For both methods of liquid limit different methods of interpreting the results
described in methodology in later in the work can be used.

2.3.1. The Casagrande cup test
The liquidity limits of organic soils by the Cassagande Cup Test was carried out in

accordance with the guidelines of the standard PN-EN ISO 17892-12: 2018 [35], CEN
ISO/TS 17892-12: 2004 [34] and PN-B-04481:1988 [40]. Until recently, in Poland, this
method (5-points) was the basic and most frequently used method. In the Casagrande
method, the basis for the interpretation of results is dependence between water content and
number of rotations cup of apparatus. An example plot is shown in Figure 3a, where: X is
number of rotations 𝑁 and Y is water content (%).

2.3.2. The cone penetrometer test
The liquidity limits the penetrometer method was carried out in accordance with the

guidelines of the standard PN-EN ISO 17892-12: 2018 [35]. The fall cone method provides
results with higher repeatability, and is the preferredmethod. The basis for the interpretation
of results is dependence between water content and cone penetration, what is shown on
example plot in Figure 3b, where: X is cone penetration (mm) and Y is water content (%).

a) b)

Fig. 3. The example of a the liquid limit test result based to the rules of the standard [35] from:
a) the Casagrande cup test and b) the fall cone test
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The information contained in the standard [35] suggests that for typical construction
(mineral) soils that experience has shown that the liquid limit determined by the fall cone
and the Casagrande apparatus are in general agreement from 30% to 40%, because the
choice of test method to be used shall be agreed and reported.
In each test, the same Cassagrande apparatus and cone penetrometer were used, the

parameters of which are described in detail in the relevant standards, while the calculation
procedures (appropriate only for these devices and methods) were taken direct from the
standards and literature.

2.4. The methods used to interpret the results of the liquid limit tests

After analyzing the literature resources, 10 interpretation methods were selected to
determine the liquid limit: 4 for tests in the Casagrande apparatus and 6 for the cone
penetrometer. They were both traditional, multi-point and single point methods, as well as
new ones, based on two points of the series. The adopted research methodology illustrated
in Figure 4.

Fig. 4. The adopted researches method of determination of liquid limit of selected organic soils

The value of the liquidity limit of the tested organic soils was determined using the
Casagrande cupmethod using the methods of interpretation of test results: 5-points (No. 1),
2-points (No. 4) and 1-point (No. 2 and No. 3):
– Method No. 1: it is 5-points method based on the diagram (Figure 1a), where X is
number of rotations 𝑁 and Y is the water content 𝑤 (%) according to the rules of the
standard PN-EN ISO 17892-12 [35] described as wL_Cass_ISO_5;

– Method No. 2: it is 1-point method based on the Formula (2.3) according to the rules
of the standard ASTM D 4318-05:2000 described as wL_Cass_ASTM_1 [42] and
based on the results the average value was calculated [31]:
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(2.3) 𝑤𝐿_Cass_ASTM_1 = 𝑤cup

(
𝑁cup

25

)0.121
where: 𝑤cup – water content of the ground paste (%), 𝑁cup – number of rotations of the
Casagrande cup (–).
– Method No. 3: it is 1-point method based on the Formula (2.4) according to the rules
of the standard BS 1377:1990 described as wL_Cass_BS_1 [43] and based on the
results of each series the average value was calculated [31]:

(2.4) 𝑤𝐿_Cass_BS_1 = 𝑤cup

(
𝑁cup

25

)0.092
where: 𝑤cup – water content of the ground paste (%), 𝑁cup – number of rotations of the
Casagrande cup (–).
– Method No. 4: it is 2-points method based on the diagram according to the rules of
the standard PN-EN ISO 17892-12 [35] described as wL_Cass_ISO_2, the principle
has been adopted that these two points must be at least 15 number of rotations cup of
the cup of apart from each other and based on the selected combinations the average
value was calculated [31].

The value of the liquidity limit of the tested organic soils was determined using the
penetrometer cone method using the methods of interpretation of test results: 4-points
(Methods No. 5 and 6), 2-points (Methods No. 7 and 8) and 1-point (Methods No. 9
and 10):
– Method No. 5: it is 4-points method based on the diagram and Formula (2.5) accord-
ing to the rules of the standard PN-B-04481: 1988 [40] described aswL_cone_PN_4:

(2.5) 𝑤𝐿_cone_PN_4 = 0.0043𝑤218 + 0.88733𝑤18 + 3.62

where: 𝑤18 – water content of the ground paste (%) when cone penetration is 18 mm.
– Method No. 6: it is 4-points method based on the diagram (Figure 1b) where X is
cone penetration (mm) and Y is the water content 𝑤 (%) according to the rules of
the standard PN-EN ISO 17892-12 [35] described as wL_cone_ISO_4;

– MethodNo. 7: it is 2-pointsmethod based on the diagram and formula (2.3) according
to the rules of the standard PN-B-04481: 1988 [40] described as wL_cone_PN_2,
the principle has been adopted that these two points must be at least 5 mm apart on
the scale of the cone and based on the selected combinations the average value was
calculated [31];

– Method No. 8: it is 2-points method based on the diagram according to the rules of
the standard PN-EN ISO 17892-12 [35] described as wL_cone_ISO_2, the principle
has been adopted that these two points must be at least 5 mm apart on the scale of the
cone and based on the selected combinations the average value was calculated [31];

– Method No. 9: it is 1-point method based on the Leroueil and Bihan (1996) [13]
Formula (2.6) described as wL_Cass_BS_1 and based on the results of each series
the average value was calculated: (30◦/80 g):
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(2.6) 𝑤𝐿_cone_1_L =
40(𝑤 − 15)
𝑃80 + 20

+ 15

where: 𝑤 – water content of the ground paste (%) when cone penetration is 18 mm and 𝑃80
is cone (30◦/80 g) penetration (mm).
– Method No. 10: it is 1-point method based on the Nagaraj and Jayadeva (1981) [9]
Formula (2.7) described as wL_Cass_BS_1 and based on the results of each series
the average value was calculated (30◦/80 g):

(2.7) 𝑤𝐿_cone_1_N =
𝑤

0.65 + 0.0175𝑃80

where: 𝑤 – water content of the ground paste (%) when cone penetration is 18 mm and 𝑃80
is cone (30◦/80 g) penetration (mm).

3. Results

3.1. The basic markings

The laboratory tests began with the preparation of research material, identification
type and determination of the basic parameters of the selected organic soils [44]. The
information and values of parameters for tested organic soils at the study were summarized
in Table 1.

Table 1. The basic properties of selected organic soils at the study areas

Soil
No. Location

Organic
content
LOI𝑇 (%)

Type
of soil

Name
of soil

Degree of
decomposition

Water
content
𝑤 (%)

Bulk
density
𝜌 (t/m3)

1 Czarna 7.71
7.68–7.73 low-organic warp, mud – 24.49

23.26–25.72
2.00

1.98–2.03

2 Mielec 48.71
48.33–49.09 high-organic peat amorphus 70.12

66.07–74.16
1.59

1.61–1.57

3 Rzeszów 70.84
70.29–71.39 high organic peat pseudo-fibrous 325.84

321.43–330.25
1.13

1.14–1.15

The particle size distribution organic soils made with the use of Laser Diffractometer.
The soil samples were tested in the wet dispersion system. The sample was placed in a
beaker with a magnetic stirrer. While stirring, about 5 ml of sample was collected with
a pipette and placed in the basin containing 1000 ml of dispersing liquid (demineralized
water). In the next stage, the sample is exposed to ultrasounds for 60 seconds, which
breaks up the agglomerates, dispersing the particles into their original form. Each of the
soil samples was analyzed three times and the presented curves are appointed on the
basis of average values from 3 measurements. The results of the grain size analyses are
illustrated in the graphs. The average particle size distribution: Cumulative Distribution
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(red line) and Standard Deviation (green line) for organic soil No. 1 (LOI𝑇 = 7.71%), No. 2
(LOI𝑇 = 48.71%) and soil No. 3 (LOI𝑇 = 70.84%) by Laser Diffractometer presented in
Figures 5, 6 and 7.

Fig. 5. The average particle size distribution by Laser Diffractometer
for soil No. 1 (LOI𝑇 = 7.71%)

Fig. 6. The average particle size distribution by Laser Diffractometer
for soil No. 2 (LOI𝑇 = 48.71%)

It was observed that each of the studied organic soils is characterized by an individual
grain distribution diagram that differs from the others, which is the result of the structure
and composition of the soil skeleton, and above all the amount, particle size and form of
organic matter.
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Fig. 7. The average particle size distribution by Laser Diffractometer
for soil No. 3 (LOI𝑇 = 70.84%)

3.2. The results of determination of liquidity limit

The mean values of liquidity limits into account Standard Error (SE) and Standard
Deviation (SD) of selected organic soils depending on the determination method were
calculated in Statistica 13.3 [45]. Depending on the method of interpreting the test results,
the number of valid data ranged from 10 to 40. The comparisons of the results of the
liquidity limit from type of soil and the all used methods are presented in Figures 8, 9
and 10.

Fig. 8. The mean values of liquidity limits into account Standard Error (SE) and Standard Deviation
(SD) of soils No. 1 (LOI𝑇 = 7.71%), depending on the determination method
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Fig. 9. The mean values of liquidity limits into account Standard Error (SE) and Standard Deviation
(SD) of soils No. 2 (LOI𝑇 = 48.71%) depending on the determination method

Fig. 10. The mean values of liquidity limits into account Standard Error (SE) and Standard Deviation
(SD) of soils No. 3 (LOI𝑇 = 70.84%) depending on the determination method

When analyzing the values of the liquidity limits of selected organic soils calculated
in accordance with the method used and presented in the above charts, it is clearly visible
that the values calculated on the basis of the guidelines for the cone penetrometer using the
4-point Method No. 5 (wL_cone_PN_4) and the 2-point Method No. 7 (wL_cone_PN_2)
in accordance with standard [40] are overestimated in relation to not only in relation to not
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only in relation to the reference values fromMethod No. 1 (wL_Cass_ISO_5) but also other
methods used. Method No. 1 was considered the reference method due to many years of
use in Polish laboratory practice and proven effectiveness in the case of researches mineral
soils to the foundation of building structures. It was also noted that in general in these
cases the range of the values obtained is the largest of all and additionally increases with
the content of organic parts. The factor that could have had a decisive influence on the
overestimation of the test results is the design of the test device, the usefulness of which (as
research has shown) for the testing of organic soils is questionable, especially in relation to
highly organic soils – peats with a pseudo-fibrous structure.

3.3. The plasticity index

Knowing the values of initial soil moisture 𝑤 (%) and liquidity limits 𝑤𝐿 (%), the
plasticity index 𝐼𝑃 (%) was calculated for each method, using the results of 10 tests. The
results in the form of mean, minimum and maximum values are shown in the Table 2. The
reference values and method are marked in gray.

Table 2. The mean value of plasticity index 𝐼𝑃 [%] calculated for researched soils

M
et
ho
d
sy
m
bo
l

w
L_
C
as
s_
IS
O
_5

w
L_
C
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s_
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ST
M
_1

w
L_
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as
s_
B
S_
1

w
L_
C
as
s_
IS
O
_2

w
L_
co
ne
_P
N
_4

w
L_
co
ne
_I
SO
_4

w
L_
co
ne
_P
N
_2

w
L_
co
ne
_I
SO
_2

w
L_
co
ne
_1
_L

w
L_
co
ne
_1
_N

Soil
No. 1

Min. 9.55 8.79 8.65 9.95 12.23 9.37 11.29 9.39 8.14 8.56
Max. 10.72 10.35 10.67 10.74 14.78 11.03 14.33 11.07 11.16 10.98
Mean 10.23 9.75 9.85 10.25 13.82 10.10 12.81 10.35 9.48 9.69

Soil
No. 2

Min. 16.21 15.26 15.55 16.08 28.98 15.87 28.92 16.08 15.35 16.90
Max. 16.48 16.14 16.16 16.52 36.51 21.22 36.32 21.01 20.99 20.47
Mean 16.34 15.65 15.82 16.27 31.84 18.67 32.25 18.74 19.25 18.58

Soil
No. 3

Min. 50.43 58.77 59.22 51.70 310.66 54.50 467.75 54.80 48.62 42.21
Max. 84.68 89,15 91.80 95.48 755.15 74.44 517.69 84.08 65.80 64.65
Mean 71.12 75.77 77.83 74.86 522.83 64.47 496.90 66.12 54.29 51.17

The comparing the values of the plasticity index, it was observed that in the case of the
organic soil with the lowest content of organic parts (soil No. 1) the results to some extent
are comparable. In the case of organic soil No. 2, Methods No. 5 and 7 (wL_cone_PN_2
and wL_cone_PN_4) stand out negatively and generate values almost two times higher
than the others. The same methods generate extremely overstated results in the case of soil
No. 3, where they max. differ from the rest by several hundred percent, e.g.: 921.8 % for
Method No. 5 and 871.1 % for Method No. 7.
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3.4. The degree of plasticity

Due to the fact that there are no separate, specific guidelines for organic soils, the
tested soil samples classified in terms of the degree of plasticity (plasticity) according to
the Casagrande plasticity chart [41] with the use of values of the liquidity limit 𝑤𝐿 and the
plasticity index 𝐼𝑃 from own research and presented in Figures 11, 12 and 13.

Fig. 11. The result of plasticity on the Cassagrande plasticity chart [41]
for soil No. 1 (LOI𝑇 = 7.71%)

Fig. 12. The result of plasticity on the Cassagrande plasticity chart [41]
for soil No. 2 (LOI𝑇 = 48.71%)

When analyzing the position of the points on the graphs, it was observed that the values
of the plasticity index calculated for soil No. 1 and 2 based on the results of the Cassagrande
method are lower than with the cone penetrometer. In the case of soil No. 3 the situation is
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Fig. 13. The result of plasticity on the Cassagrande plasticity chart [41]
for soil No. 3 (LOI𝑇 = 70.84%)

reversed, which may suggest that the result is also influenced by a pseudo-fibrous structure
of peat other than soil No. 1 or 2 and highest content of organic matter. However, this did
not affect the peat classification result, because both soil (2 and 3) were located in the area
of soils with very high plasticity, corresponding to the append to classification for organic
material SiVO (very high plasticity organic silt). The soil No. 1 with the lowest content
of organic matter was classified as a soil with low plasticity ClLO (low plasticity organic
clay).

3.5. The consistency index

The consistency index 𝐼𝐶 according current standard [41] is the basis parameter to
describe the consistency of clays and silts. Due to the lack of other guidelines, it was also
applied to the analysed organic soils. The values were calculated using the results of 10
researches. The results in the form of mean, minimum and maximum values are shown in
the Table 3. The reference values and method are marked in gray.
The analysis showed that the determination method had no effect on the result of the

determination of the consistency of soil No. 1, as all cases were classified as “firm”. The
consistency of soil No. 2 was generally defined as “very soft”, in the one case “soft” and
in the case of two methods (Method No. 5 and 7) as “firm”, significantly overstating and
protruding from most of the results. In the case of soil No. 3, the situation is different
because in most cases the consistency was defined as “firm”, but there were also two cases
of “stiff” and “soft”.
In terms of the methods used, it was shown that the repeatability of determining the

consistency for all types of soil was ensured by methods based on the results of the
Cassagrande method. In the case of the cone penetrometer, the results turned out to be
ambiguous, depending on the type of soil and the research method.
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Table 3. The Consistency Index 𝐼𝑐 [–] calculated and consistency for researched soils
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Soil
No. 1

Min. 0.66 0.61 0.61 0.66 0.72 0.64 0.70 0.64 0.58 0.60

Max. 0.68 0.67 0.68 0.68 0.77 0.69 0.76 0.69 0.70 0.69

Mean 0.67 0.65 0.65 0.67 0.75 0.66 0.73 0.67 0.64 0.65

Consistency Firm Firm Firm Firm Firm Firm Firm Firm Firm Firm

Soil
No. 2

Min. 0.12 0.07 0.09 0.12 0.51 0.10 0.51 0.12 0.07 0.16

Max. 0.14 0.12 0.12 0.14 0.61 0.33 0.61 0.32 0.32 0.31

Mean 0.13 0.09 0.10 0.13 0.55 0.23 0.56 0.24 0.25 0.23

Consistency Very
soft

Very
soft

Very
soft

Very
soft Firm Very

soft Firm Very
soft Soft Very

soft

Soil
No. 3

Min. 0.42 0.51 0.51 0.44 0.91 0.47 0.94 0.47 0.40 0.31

Max. 0.66 0.67 0.68 0.70 0.96 0.61 0.94 0.65 0.56 0.55

Mean 0.58 0.61 0.62 0.60 0.94 0.54 0.94 0.55 0.46 0.42

Consistency Firm Firm Firm Firm Stiff Firm Stiff Firm Soft Soft

4. Conclusions

The results of determining the liquidity limit of selected organic soils from Pod-
karpackie Voivodeship using commonly used research methods: Casagrande Cup and the
Cone Penetrometer, taking into account 10 different methods of results interpretation,
showed that one should be careful when choosing the method of interpreting the test re-
sults. This is evidenced by the fact that for each of the tested soils, containing a different
amount of organic substances, twomethods of interpreting the results of the cone penetrom-
eter (Method No. 5 and 7) according to standard [40] significantly differ from the others
and thus are of little use for geotechnical engineering purposes. They are distinguished by
overstated mean values and a much wider range of results than in the case of alternative
methods, which results in discrepancies in the values of the derived parameters (𝐼𝑃 , Ic,
consistency). In the case of other interpretation methods, it was found that their results are
comparable with the reference method (Method No. 1). In general, it has been observed
that the results of determining the liquidity limit of selected organic soils, based on the
Cassagrande method, are more concentrated and closest to the reference values, although
due to the specificity of organic soils they significantly exceed the spread ranges for typical
mineral soils.
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Wpływ metodyki oznaczania na wartości granicy płynności
wybranych gruntów organicznych

Słowa kluczowe: dyfraktometr laserowy, granica płynności, grunty organiczne, metoda Cassa-
grande, penetrometr stożkowy, wykres plastyczności

Streszczenie:

Wartykule zaprezentowano zastosowanie aparatu casagrande imetody penetrometru stożkowego
dowyznaczania granicy płynności wwarunkach laboratoryjnych zgodnie z najnowszymiwytycznymi
normatywnymi wybranych gruntów organicznych pochodzących z południowo-wschodniej Polski.
Do interpretacji wyników badań wykorzystano 10 metod wyselekcjonowanych na podstawie mate-
riałów literaturowych: 4 do badań w aparacie casagrande i 6 dla penetrometru stożkowego. Wyniki
zestawiono, porównano i wykorzystano do wyznaczenia parametrów niezbędnych do oceny konsy-
stencji, np.: wskaźnika plastyczności 𝑖𝑝 (%), wskaźnika konsystencji 𝑖𝑐 (–) czy stopnia plastyczności
𝑖𝑙 (–). Znajomość tych parametrów umożliwia określenie plastyczności badanych gruntów organicz-
nych, bazując na normowym wykresie cassagrande. Przeprowadzone badania i analizy wykazały, że
wyniki wyznaczania granicy płynności wybranymi metodami nie zawsze są porównywalne. Wyka-
zano, że zastosowanie metod obliczeniowych opartych na wynikach badań laboratoryjnych wybra-
nych gruntów organicznych przeprowadzonych zgodnie z procedurami normy PN-B-04481: 1988,
w przypadku interpretacji metodami nr 5 i 7, generowało wyniki o najszerszym zakresie i najwyż-
szych wartościach w stosunku do wartości referencyjnych (metoda nr 1). Z perspektywy przydatności
danej metody ważnym okazał się również rodzaj badanego gruntu organicznego, z uwagi na nie-
zwykle skomplikowaną, różnorodną i niejednorodną strukturę, a przede wszystkim ilość i rodzaj
substancji organicznej, o czym świadczą wyniki oznaczeń konsystencji.
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