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1 Introduction 
Soil texture is an elemental parameter for soil 
classifi cation. Soil type determined according to soil 
particle size distribution is the key parameter for 
mechanical properties determination in geotechnical 
analyses (Ševelová et al., 2020) and soil nutrifi cation 
conditions in the pedologic analysis (Wlodarczyk et al., 
2008). Soil texture indicates the content of the individual 
grain size fractions in the soil. The representation 
of the  individual  grain size fractions is graphically 
represented in the grain size distribution curve (Rejšek & 
Vácha, 2018).

Particle size distribution (PSD) is an important method 
in soil science and also in geotechnics. Each of the fi elds 
uses diff erent classifi cation systems of grain size fractions 
in the soils and performs PSD analysis for a diff erent 
purpose. In soil science, PSD is determined as it aff ects 
the soil properties such as porosity, gas exchange 
and water retention (Walczak et al., 2004; Witkowska-
Walczak et al., 2002), soil conductivity (Sławiński et al., 
2006), sorption properties (Usowicz et al., 2008), etc. 
In geotechnics, PSD is needed to determine the soil 

type and the related design strength parameters for 
the building structure reliable design. PSD analysis 
procedure is defi ned for each of these fi elds by its 
standard methods, based on diff erent sedimentation 
methods. Although these methods are validated and 
other methods are based on them, they are also time-
consuming and burdened with human error in manual 
sample processing.

The grain size distribution curve for geotechnical analyses 
is created by a combination of sieve analysis (particles 
between 125 mm and 0.063 mm) and hydrometer 
(densitometer) test (particles less than 0.063 mm). 
Hydrometer (areometer, densitometer, the Casagrande’s 
test) is based on free and continuous sedimentation of 
the suspension (the Stoke’s law). During sedimentation, 
the density of the solution is read in seven defi ned 
time intervals – 2’, 5’, 15’, 30’, 60’, 120’, 240’ and 24 hours. 
Subsequently, fi ctitious sieves are formed from these 
density readings and converted to grain size fractions. 
The data obtained by the sieving and hydrometer 
method were merged and plotted in the form of the 
grain size distribution curve (Hanák, 2001).
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Most comparisons between the LDA and the 
sedimentation method were made for the pipette 
method (Igaz et al., 2017; Taubner et al., 2009; Beuselinck 
et al., 1998; Yang et al., 2019). The pipette method 
determines the mass percentage concentration of 
the settling suspension. The hydrometer determines 
its density (Bieganowski et al., 2018). For the pipette 
method, sample preparation, measurement method, 
measurement times, and the maximum grain size of the 
fraction that enters the sedimentation analysis (particles 
below 0.25 mm) differ. The principle is based on pipetting 
from predetermined depths and at predetermined time 
intervals. The samples are then dried, weighed, and 
the percentage of the individual fractions is calculated 
accordingly (Igaz et al., 2017).

The laser diffraction analysis (LDA) is a modern method 
that can be used, besides other purposes, to determine 
soil texture. LDA is used to measure the particle size 
distribution in the soil sample. The principle of laser 
diffraction consists of irradiating the sample particles with 
a laser beam. Sample particles bend light (diffraction). 
The angle of light refraction is inversely proportional to 
the measured particles size – large particles scatter light 
at a small angle but with low intensity, and vice versa. The 
light amount that is determined in different directions 
is used to calculate the particle size and the calculation 
depends on the sample refractive index and the medium 
in which it is dispersed. The majority of the LDA devices 
currently available enable measurements of fractions 
under 2 mm (Šulcová & Beneš, 2008); however, the 
measuring range is expanding up to 0.01–3,000 µm (Igaz 
et al., 2020). LDA is therefore used for also for PSD analysis 
of smaller soil particles as well as another method, the 
pipette method (Taubner et al., 2009).

The PSD determination of bulk materials using LDA 
is used mainly for homogenous materials with the 
expected narrow range of grain size fractions. By this 
analysis, materials with one-grain size fraction are most 
often analysed with high reliability – such as powder, 
gunpowder, or cocoa. For soil science purposes, many 
studies have been performed, which in some cases 
confirm the concordance of PSD performed using LDA 
and some sedimentation method, most often the pipette 
method (Ryżak & Bieganowski, 2010).

The purpose of the presented work was to verify the 
possibility of using LDA also for geotechnical purposes 

and to replace this analysis with the hydrometer used 
for grain size analysis according to ČSN EN ISO 17892-4 
(2017). Therefore, the results on two methods of the PSD 
determination were compared – the hydrometer method 
(sedimentation, the Casagrande’s method) and the laser 
diffraction analysis (LDA). The comparative analysis 
aimed to streamline the methods that lead to grain size 
distribution curve preparation.

2 Material and methods 

2.1 The samples 

Nine samples of 0–4 mm fraction were used for 
comparative analysis. The samples were sandy loam 
mixtures, and their texture was classified according 
to the Unified Soil Classification System (USCS) (ČSN 
EN ISO 14688-2, 2005). Then, they were classified 
according to Table 1 (ČSN EN ISO 14689-1 (2004) and 
ČSN EN ISO 14688-2 (2005)). The samples were artificially 
mixed to modify the park paths. This mixture was formed 
by mixing a gravel-sand skeleton with loamy-clayey 
filling.

All samples were sieved through a 2 mm sieve. About 
1–2 g of air-dried sample was used for LDA. About 40 g 
of sample was used in the hydrometer – this was sieved 
through a 0.063 mm sieve and fractions 2–0.063  mm 
were dried and sieved through a sieve system. For 
comparative analysis there were taken falls below 2 mm 
of these materials.

The research was conducted in the Department of 
Landscape Management laboratory.

2.2 Hydrometer test preparation

For the hydrometer, soil samples sieved through a 2 mm 
sieve were used. The weight of the samples ranged 
from 40 g to 80 g. The sample was mixed with distilled 
water and 20 ml of sodium hexametaphosphate, stirred 
for five minutes, sieved through a 0.063 mm sieve into 
a graduated cylinder and made up to 1,000 ml with 
distilled water. At the specific time intervals (2´, 5´, 15´, 
30´, 60´, 120´, 240´ and 24 hours), the values of the 
actual temperature and relative density were recorded 
using a Casagrande’s densitometer. Subsequently, the 
fictitious sieves calculation and fractions percentage 
decrease were performed. These fractions were then 
used as comparison sieves for the LDA. In combination 

Table 1 USCS Classification (ČSN EN ISO 14688-2, 2005)

  V1 V2 V3 V4 V5 V6 V7 V8 V9

USCS S4-SM S4-SM G3-G-F S4-SM S4-SM S3-S-F S4-SM S4-SM S3-S-F

Sieve <0.063 mm 18.50 20.90 13.50 16.50 17.10 9.30 18.80 19.70 11.00
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with the sieve analysis, the complete soil sample grain 
size distribution curve was obtained. For comparison 
with LDA, histogram data were obtained from these 
cumulative values. 

2.3 Laser diffraction analysis preparation

Laser analyser Mastersizer 3000 (Malvern Instruments) 
is composed of a optical unit, a dispersion unit, and a 
measurement cell. The wet dispersion unit (filled with 
distilled water) was used. The measurement range was 
0.01–3,500 μm (Malvern Instruments Ltd., 2013).

The samples for LDA were sieved at 2 mm mesh size. 
From this amount there was measured about 20 g and 
quartering was performed. All samples’ preparations 
were the same, without the use of chemicals. Some 
samples were dried at room temperature and some 
were dried at 105 °C, but all samples were fully dry 
when the measurement was performed (the samples 
were dried for practical reasons because dry soil is 
better sieved through a sieve with small meshes). After 
quartering, a small amount of soil (about 1–2 g) was 
inserted into the laser analyser. Three measurements 
were performed. First, with manual measurement, 
second, with entered fictitious sieves from hydrometer 
(fictitious sieves are imaginary sieves calculated from 
the hydrometer test). These data were obtained during 
the previous measurement with a densitometer. The 
third measurement was performed with SOP (standard 
operating procedure) measurement with no default 
sieve sizes (SOP is a predefined measurement sequence). 
The second measurement was used for comparison with 
the hydrometer test. The grain size distribution curve 
is formed by the cumulative volume in percentage. 
Laser analyser processed the specified sieves, but only 
for the histogram (percentage of individual sizes). For 
cumulative volume, the two closest sieves had to be 
selected (Malvern Instruments Ltd., 2015).

2.4 Data evaluation

Nine samples (V1 to V9) were analysed. Six samples 
were SM-S4, two were S3 S-F and one was G3-G-F. The 
analysis was performed by a combination of a sieve and 
a hydrometer. The falls percentages on the individual 
sieves are given in Table 3. 

Only grain size fractions below 0.063 mm were compared 
with LDA because the larger fraction was the result 
of sieve analysis, and this comparison was not the 
subject of this analysis. Regarding LDA, the histogram 
data corresponded to the specified sieves from the 
densitometer, and the data for the cumulative volume 
worked with fictitious sieves of the diffraction analyser.

2.5  Mastersizer 3000 data outputs 

Table 2 shows an example of LDA output. The refractive 
index is a value determining the light refraction during its 
transition from an environment to another environment. 
It is between 0 and 5. The index is constant. For dispersant 
(distilled water) and sampled material, refraction indices 
of 1.33 and 1.457 were used, respectively. The absorption 
index is a measure of the light amount that particles 
absorb. It is between 0 and 10 and the higher it is, the 
less transparent the materials are. Weighted residual 
is an indication of how well the calculated data were 
fitted to the measurement data. A good fit is indicated 
by a residual of less than 1%. Obscuration is a measure 
of the laser light amount lost due to the introduction of 
the samples into the analyser beam. Obscuration helps 
the user to set the right sample concentration during 
the measurement. Concentration is calculated using the 
Beer-Lambert’s law. Span is the width of the distribution 
measurement. The narrower the distribution, the smaller 
the span becomes. Uniformity is a measure of the 
absolute divination from the median. Specific surface 
area is the particles total area divided by the total weight. 
D (m, n) are the distribution statistics, they are calculated 
from the results (Malvern Instruments Ltd., 2015).

Table 2 The example of LDA Mastersizer 3000 output

Analysis Result

Particle name sita_V1 concentration 0.07%

Particle refractive index 1.457 span 3.656

Particle absorption index 0.01 uniformity 1.162

Dispersant name water specific surface area 188.9 m².kg-1

Dispersant refractive index 1.33 D [3,2] 11.3 μm

Scattering model mie D [4,3] 256 μm

Analysis model general purpose Dx (10) 5.51 μm

Weighted residual 0.61% Dx (50) 176 μm

Laser obscuration 27.11% Dx (90) 650 μm
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3 Results and discussion 
Nine granulometric compositions of soils were compared. 
Granulometric curves were obtained in the form of 
cumulative fall data on individual sieves and then were 
converted to histogram data. 

Figs 1 and 2 show representative results for samples V1 
and V9 for the whole analysed range of fractions 0 to 
2 mm. It is a comparison between the hydrometer test (in 
graphs marked as ARM – areometer) and LDA. The overall 
behaviour trend in all analysed samples is evident. The 
falls values on individual sieves determined from the LDA 
are in 99% of cases higher than from the hydrometer 
analysis.

The differences in the falls quantity in the individual 
sieves were determined and the difference between 
the two methods was quantified. In almost all cases, the 
amount found for individual fractions was higher for 
samples analyzed for LDA. The difference between the 
amount detected by LDA and ARM for all materials and 
all fractions is shown in Fig. 3. 

The magnitudes of the differences between the 
individual fractions were observed only from comparable 
sieves, i.e. up to the maximum of 0.063 mm. It can be 
stated that there is an evident trend in behaviour. Up to 
the 0.01 mm fraction, the data are more consistent and 
with less variability, up to the maximum of 4% by volume, 

Figure 1 Representative results for materials V1

 

Table 3 Outputs from the hydrometer

Sieve (μm) V1 V2 V3 V4 V5 V6 V7 V8 V9

1,41–1,56 0.92 4.10 1.41 1.80 1.51 1.36 0.66 0.55 1.38

3.39–3.77 0.57 1.69 1.34 1.00 1.70 0.38 0.66 0.51 1.34

4.75–5.28 1.91 0.88 1.34 1.66 1.39 0.43 0.35 0.43 0.34

6.68–7.47 1.95 1.61 0.68 0.37 0.85 0.39 1.89 1.65 0.73

9.35–10.47 1.16 2.09 0.69 1.37 2.32 0.71 2.50 3.97 0.69

13.10–14.67 3.44 2.13 1.31 0.70 2.45 0.33 3.68 4.84 1.03

22.44–25.32 2.04 1.46 1.40 2.26 0.89 1.33 3.06 3.20 0.74

35.23–39.81 3.92 2.76 1.97 3.24 2.08 1.07 3.10 2.09 1.99

63.00 3.66 2.94 2.39 2.68 2.26 0.57 0.61 2.14 2.83

125.00 4.25 5.38 4.03 6.03 4.75 3.78 4.49 7.37 5.02

250.00 10.45 7.91 6.62 9.99 8.65 9.33 10.63 12.98 8.46

500.00 14.65 11.25 10.56 14.62 13.16 16.47 14.01 16.81 13.35

1,000.00 15.84 17.90 18.94 23.10 21.79 26.24 15.81 19.74 19.47

2,000.00 23.27 27.62 25.02 20.55 29.25 25.98 23.96 18.47 20.35
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as shown in Fig. 3. For sieves over 0.01 mm, the differences 
in the detected volumes between the hydrometer and 
LDA are already larger, up to 10% of the volume (Fig. 3), 
and the values show greater variability. Fig. 4 shows drop 
differences in sieves for each sample. 

Several scientific teams have already dealt with the 
comparison of LDA and the sedimentation methods, 
especially with the pipetting method for soil science 
purposes, however, we did not find any work comparing 
LDA with the Casagrande’s sedimentation method for 
geotechnical purposes. 

Yang et al. (2019) compared LDA with the pipetting 
method and the scanning electron microscopy. They 
measured over 200 samples. The samples were prepared 
with hydrogen peroxide and hydrogen chloride. Sodium 
hexametaphosphate was used for better dispersion. 
This team used the Mastersizer 2,000 laser analyser 
and distilled water as a dispersant. Worse results were 
observed for clay, better for sand grain size fractions. The 
results of this research confirmed the suitability of the use 
of LDA instead of the pipetting method, but at the same 
time pointed out that each soil is different, and research 

Figure 2 Representative results for materials V9

 

Figure 3 The difference in quantity between the amount detected by LDA and ARM for all materials V1–V9 and all fractions
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needs to be continued and all other factors addressed 
(Yang et al., 2019).

The research carried out using the Casagrande‘s 
sedimentation method can be used to compare the 
presented results, but for soil science purposes, i.e. at 
other sedimentation times (Ryżak & Bieganowski, 2010). 
Ryżak and Bieganowski (2010) compared LDA with the 
hydrometer method. They worked with dry samples 
and with the Mastersizer 2,000 (the previous version 
of the analyser used in this study). The dispersant was 
distilled water. They proceeded with 23 samples. Only 
three fine grain size fractions were compared in the 
analyses, namely clay and silty up to 0.05 mm and sand 
up to 2 mm. Although they achieved better correlations 
for sand fraction, worse correlation than in our study 
was observed for clay fraction. The conclusion was that 
the evaluated three particle size fractions should be 
considered separately and should only be analysed 
separately from each other (Ryżak & Bieganowski, 2010).

Over 200 samples were processed by Di Stefano et al. 
(2010). They compared LDA with the sieve-hydrometer 
method. The hydrometer was carried out with different 
sample amounts at other times and using other mesh 
sizes than in our research. They used the laser analyser 
Analysette 22. Before comparing, some factors affecting 
the LDA were tested – the ultrasound duration, the 
sample pre-treatment and the diffraction theory 
applied. All samples analysis showed that the sand part 
determined by hydrometer was similar to that obtained 

by the LDA. The clay percentage was an overestimation 
to LDA (Di Stefano et al., 2010). 

The aim for determining the PSD for all mentioned 
methods is to determine the fractions percentage for 
the classification preparation. Soil classification is used 
in individual disciplines for specific purposes. However, 
individual methods differ in the methodology of 
preparation. There are different amounts of soil entering 
the analysis, differences in the sample preparation 
procedure, and the times for determining the density of 
the solution may lead to different absolute values of the 
percentages for the individual fractions. 

The observed difference between the hydrometer 
and LDA results may be due to the different sample 
preparation and different amount of sample. Due to 
the small amount of sample entering the LDA analysis, 
the samples for LDA were only air-dried, and no sodium 
hexametaphosphate was used. Therefore, the samples 
were not perfectly separated for LDA. Very different 
amounts of the sample also enter both measurements – 
about 40 g for the hydrometer and about 1–2 g for LDA.

Studies showed good statistical dependencies between 
methods for soils with prevailing grain size fractions. 
Significant differences were found in the soils with a wide 
grain size fraction range (Ryżak & Bieganowski, 2010). 
Therefore, it can be stated that this first comparison 
showed interesting relations between LDA and 
hydrometer, which will need to be subjected to a more 
detailed analysis. 

Figure 4 Drop differences in sieves for individual samples
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4 Conclusions 
There are various methods for classifying PSD of soils. They 
are based on different grain sizes of detected fractions, 
sample preparation methods, and measurement 
procedures, from which the percentage is determined – 
the distribution of the individual particles. It is very 
difficult to make a simple substitution for one method 
after another because each is associated with a specific 
purpose and focus to use. The presented results of the 
first comparison of LDA and the hydrometer method for 
the geotechnical purposes show significant differences 
in the detected amounts of falls on the sieves but at the 
same time, a good trend that could be used to determine 
the dependencies between the individual sieves. 

The analysis clearly shows better correlations between 
finer fractions. Up to the 0.01 mm fraction, the differences 
in falls were within acceptable limits. For finer-grained 
soils, especially clays (which are more difficult for 
hydrometer processing), the LDA could offer a solution. 
Furthermore, a careful analysis identified some possible 
sources of errors that arose during the transformation 
of procedures. The main reason for the differences is 
a method of sample preparation for the hydrometer 
method – the amount of used sample, the maximum 
fraction, and the use of reagent. In LDA, incomparably 
smaller amounts enter the analysis, and the sample was 
prepared without the use of a reagent. 
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