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Abstract.Our study on the structure of pulverescent-clayey loess deposits

Received 04 October 2017 was conducted at different levels of organization with the purpose of clarify-
Received in revised form 30 October 2017 ing the characteristics of their deformational behaviour.In our description of
Accepted 19 November 2017 the structure and microstructure, the theory of fractals is used in the study

ofmacroporosity, inter-aggregate porosity and interparticle porosity of loess
loams and sand loams. The calculations of indicators of fractal dimension structure can be made using analysis of electronic images
of microstructure, granulometry and dispersity of soils, experimental calculations of penetrability and porosity. Comparison of the
results of quantitative fractal dimension indicators obtained using different methods is of interest at the stage of choosing a more effi-
cient and meaningful method. The article analyses the results of calculating the values of the fractal dimension of particle distribution
function, which were obtained using different methods. We conducted analysis of discretion of differently formed stratigraphic-
genetic horizons. The images were analyzed in the “JmageL” programme, the calculation of the Hurst exponent and fractal dimen-
sion of the particle distribution function was made using “Fraktan” software and EXELL electronic tables. The study analyzedimages
on different scales. The results of the calculations of the particle sizes were considered as a series of fractal dimension series suffi-
cient for calculation, Hurst exponent, correlational dimension and entropy of length. The results of granulometric examination (pi-
pette method, three methods for preparing the samples) were analyzed using classified data on the fractions. The following fractions
were considered: the fractions with particles less than 0.001 mm, 0.002 mm, 0.005 mm, 0.01 mm, 0.05 mm, 0.1 mm, 0.25 mm, 0.5
mm, 1 mm, 2 mm, 5 mm, 10 mm. The values of fractal dimension of particle distribution at the level of inter-aggregate and interpar-
ticle porosity were different. When the disperse method for preparing the sample was used, the fractal dimension of particle (fraction)
distribution obtains higher values compared to the aggregate and semi-disperse methods. We proved the relation between the values
of fractal dimension and the genesis, discretion and method for preparing the soil samples. The dimension values of loess sediments
were lower compared to paleosolregardless of the method for the preparation. Comparability of the assessments of fractal dimension
of distribution of the solid phase of different topological dimension (flat sections and volumetric particles) was observed during ag-
gregate and semi-disperse methods of preparation.

Keywords:loess, porosity, fractal dimension,particle distribution function.

Jlo NUTaHHA NP0 MeTOAW OWIHKM (PpaKTaIbHOI PO3MIPHOCTI CTPYKTYPH AUCIEPCHOIO NMHUJIY-
BAaTO-TJIMHUCTOIO IPYHTY.
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Pe3ome. BuBueHHS CTPYKTYpH MHITyBaTe-IJIMHUCTHX JICCOBUIHMX BiIKJIa[iB BUKOHYEThCS Ha PI3HHX PIBHAX OpraHisalii 3 METO
YTOUHEHHsI 0cobimBocTel X nedopmariiifHoi moBemiHKH. 3acTOCYBaHHS Teopii (paKTalliB 0 OMHCY CTPYKTYPH i MIKPOCTPYKTYpH
BHUKOHYETHCSI TIPH BUBYCHHI MaKpPOITOPHCTI, MiXarperaTHoi i Mi>K4acTKOBOI MMOPUCTOCTI JICCOBUIHUX CYTIHHKIB 1 cymickiB. KinpkicHi
OLIIHKH 3HaueHb (paKkTaTIbHOI PO3MIPHOCTI CTPYKTYPH MOYKHA OTPUMATHU TPH aHaNi3i eIEKTPOHHUX 3HIMKIB MiKPOCTPYKTYpH, TpaHy-
JIOMETpIii 1 JAUCIIEPCHOCTI IPYHTIB, EKCIIEPHMEHTAIbHUX OLIIHOK NMPOHUKHOCTI i MOPHCTOCTI. 3iCTAaBICHHS PE3yJbTaTiB KiJbKiCHHX
OLIIHOK (paKTambHOI PO3MIPHOCTI, OTPUMAHKUX PI3HUMHU METOJaMH, CTAHOBHUTH iHTEpEC Ha eTami BHOOpPY OiNbII pe3yNbTaTHBHOTO i
o0rpyHTOoBaHOro Metrony. Y naHiii poGOTi mpoaHai3oBaHi pe3yabTaTh KiTbKICHOT OI[IHKY 3Ha4YeHb (paKkTaibHOI pO3MiIpHOCTI (QYyHK-
il PO3MOJIiTy YaCTOK, SIKi OTpUMaHi pi3HUMH METOJaMH. BHKOHAaHO aHai3 TUCKPETHOCTI PI3HUX 32 YMOBAaMH MOXO/KCHHSICTPATHUT -
pado-reHeTHaHHX TopHr30HTIB.OOpOOKa 3HIMKIB BUKOHYBasacs 3a A0MOMOroo mporpamu "Jmagel", po3paxyHOK MoKa3HHUKa XepcTy
1 PpaxTanbHOI PO3MIPHOCTI (YHKIIT pO3MOMAITY YacTOK BUKOHYBaBCs 3a nomomoroio [10 "Fraktan” i enexrponnux tabmms EXELL.
JociipkeHo 3HIMKH B pi3HEX MacmTabax. [TooAnHOKIH 3amuc pe3ysbTaTiB MigpaxyHKy pO3MipiB YaCTHHOK PO3TIISLAABCS SIK PSIT TOC-
TAaTHBOIO JJIsI  PO3PaxyHKy  (pakTaibHOI  pPO3MIPHOCTI  psiIy, IOKa3HMKa XepCeTy, KOpelsimidHol — posmipHOCTi i
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enrtpomnii qoBxuHE. OO6pobKa pe3yibTaTiB rPaHyJOMETPUYHOr0 aHaIi3y (MNETOYHii METOA, TPH CIIOCOOU IMiArOTOBKH 3pa3KiB) BH-
KOHyBaynacs II0 3rPYNOBaHMM JaHUMH - (pakmisM. BpaxoByBaJoCcs 3MicT d9acTHHOK po3mipamu MeHme 0,001mm, 0,002mm,
0,005mMm, 0,01mmM, 0,05mm, 0,1MmMm, 0,25 MM, 0,5 MM, 1 MM, 2 MM, 5 MM, 10 MM. 3HadeHHsT QpakTanbHOI PO3MIPHOCTI PO3MOALITY
YacTOK Ha PiBHI MIKarperatHoi i MiXK4acTKOBOI IMOPUCTOCTI BiAPI3HIOThCA. PpakTanbHa PO3MIpHICTh YaCTHHOK ((ppaxuiit) mpu auc-
MEepCHOMY CIOco01 MiATOTOBILI 3pa3Ka MpuitMae OB BHCOKI 3HAYECHHS, HIX 3a arperaTHoi abo monigucnepcHoiniarorosko. [liat-
BEP/DKEHO 3aJIeXKHICTh 3Ha4eHb (PpakTaJbHOI PO3MIPHOCTI Bil T€HE3HCY, AUCKPETHOCTI 1 CIOCO0y MiArOTOBKH 3pa3ka IPYHTY. 3Ha-
YEeHHS PO3MIpHOCTI MPUHMAIOTh MEHIII 3Ha4YeHHS B JICCOBHX BIJKJIaJlaX, HX B MaJeOrpyHTaX, HE3aIeKHO BiJ CIIOCOOY IirOTOBKH.
[MopiBHAHHICTE OIIHOK (hpaKTaIBLHOI PO3MIPHOCTI PO3MOALTY TBEpHOI a3y pi3HOI TOMONOTIYHOT PO3MIPHOCTI (IIOCKHX MEPETHHIB i
00'eMHHX 9aCTOK) CHOCTEPITaeThCS IIPH arperaTHoOMY i IOJIIUCIIEPCHOMY CIIOC00aX I JTOTOBKH.

Knrouoei cnosa: nec, nopucmicms, hpaxmanvHaposmipHicms, YHKYIA po3nooiny 4acmox.

The problem statement and state of study.The
usage of the theory of fractals in studying natural
objects, phenomena and processes has rapidly in-
creased in recent yearsPuetz, S.J., Borchardt G.
(2015); Cheng Wen-Chiehet al, (2017); X. Du - et
al, (2017).

The study ofpulverescent-clayey soils as a
natural multifractal system is a matter of great of
interest (Zhan Ce Wang et al, 2009). The descrip-
tion of soil structure from the perspective of the
theory of fractals, search for relation between the
genesis and peculiarities of the structure, attempts
of defining patterns in deformation and decrease in
the strength of soils as natural fractals is studied by
scientists of various countries (Russell AR, 2014;
Mufioz-Castelblanco JA and all, 2012; Li P.et al,
2016).

The classical methods of predicting the de-
formation of soil environments are based on using
the model of continuous medium, and less often on
the discrete medium model; the processes are con-
sidered reversible (Jiang M. and all, 2017). A prin-
cipal difference of the non-classic method is defin-
ing patterns of deformation in soil as a natural frac-
tal, a dynamic evolving system (lkeda, Kiyohiroet
al, 2008), capable of chaotic behaviour.
Methods.We studied the peculiarities of the struc-
ture of loess sediments in Prychornomorsko-
Dofinovski, Vitachevski, Udaiski, Dniprovski de-
posits from the perspective of the theory of fractals.
The samples were collected from natural outcrops
around the city of Dnipro: in the slopes of the
Yevpatoriiska, Tonnelna, and Sazhenka ravines and
from the RybalskyQuarry.

The basin of the Yevpatoriiska ravine in-
cludes Aeolian-diluvialloam sands of the Tiasmyn-
sky haorizon (vd Pyts), Dniprovski Aeolian-diluvial
loess loam sands (vd P,,dn) and Zavadovskieluvial
loams (e Py;zv). In the basin of the Tonnelna ravine,
we collected samples of the Prychornomorsko-
Dofinovsky Aeolian horizon (vd Py, pc + df),
Buhskieluvial-diluvial loam sands (vd P ,bg),
DniprovskiAeolian-diluvial loam sands (vd P ,dn)
(Fig. 4.1 a). The samples of Buhski Aeolian-
diluvial loam sands (vd P ;;bg), eluvial loam sands
of the Vitachevsky horizon (e Py vt), Aeolian-
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diluvial loam sands of the Dniprovsky horizon (vd
Py dn) were also collected in the basin of the Sa-
zhevka ravine.

We calculated the full complex of indica-
tors of physical properties, focusing mainly on the
characteristics of dispersity. The calculation of frac-
tal dimension of the surfaces, images, ramifieldsys-
tems is performed in materials science, medicine,
geology using the results of analyzing a series of
data of sufficient length. The digital model of an
electronic image of the soil structure can be con-
verted into a series of values of area, diameter, pe-
rimeter and contour (of particles and pores), using
the corresponding programme, in particular, “Jma-
gel”.

The developed sequence is a random series
of the contours occurrence on the surface, i.e. a
characteristic of microstructure. The analysis of the
images made on different scales allows analysis of
different elements of the soil structure — aggregates,
particles and pores. The sufficient length of the se-
ries allows the calculation of the fractal dimension
of a row, Hurst exponent, correlational dimension
and entropy [“Fraktan” software].

Due to anisotropy and complex form of
particles, aggregates and pores, the calculations of
fractal dimension of random section do not allow
accurate characterization of the soil structure, but
allow making selective estimations of distribution
of the number of particles of particular size.

Russell A R (2011)has suggested a method
of calculating fractal dimension of function of par-
ticles distribution by using the results of standard
granulometric analysis. This case does not include
the calculation of plainly visible particles.Loess
pulverescent-clayey soils are characterized by pre-
disposition of the microaggregatesto the break-up
under the change of external conditions, which is
the manifestation of their degradation during the
process of anthropization. This method (Riashenko
T H, 2010) allows one to obtain more accurate cal-
culations of content of free particles and particles of
different fractions assembled in aggregates than
when using standard granulometric analysis.

The main results of the study.We performed the
calculations of fractal dimension of function of par-
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ticle distribution during the analysis of plane imag-
es and on the basis of results of analysis of sam-
ples” microstructure with calculation of composi-
tion of aggregates and particles of loess from the
Dniprovsky horizon. Electronic images were made
using an electronic microscope at 80, 200 and 500 x

magnification (Fig. 1). The analysis of images was
made using the programme “JmageL”. The calcula-
tions of the Hurst exponent, correlational dimen-
sion, fractal dimension of function of distribution of
particles and pores were performed using “Fractan”
programme.

Fig. 1. The structure of a sample of loess loam vdP,,dn of Dniprovsky horizon A) 80x magnification B) 200x magnification.

During the preparation of the initial image
for the analysis of particles, we used operations of
calibration, scaling, conversion of the image. We
performed the calculations of radius and diameters
of particles, number of particles included at a cer-
tain interval. The values of intervals were set in
correspondence with current classification of the
dispersed rocks; the content of particles with sizes
less than 0.001 mm, 0.002 mm, 0.005 mm, 0.01
mm, 0.05 mm, 0.1 mm, 0.25 mm, 0.5 mm, 1 mm, 2
mm, 5 mm, 10 mm were considered. If the particles
of these sizes were not visible in the image, the
fraction was omitted.

The second stage was calculation of the
fractal dimension of the random ordered sequence
of the image contours (form 1) and the random un-

ordered sequence (form. 2). In the first case, the
data was grouped according to the fractions; the
second case used no grouping methods. Charts of
dependencies between the total number of particles
in the fraction or the number of particles and the
diameter (fig. 2, 3) were developed. The fractal di-
mension of the grouped data Dgwas calculated us-
ing the formula:

(form. 1)

WhereD, — fractal dimension of the distribution of
the particles™ contours;

2 — topological dimension of the image;

K — the slope of the lineLnNg = f(LnDg).

y =1,008x + 6,46
R?= 0,957

DO PN Wb~ OO
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Fig. 2.The chart of relation between the total number of particles N and the diameter Dy In the form of LnNg = f(LnDg) (Udaiski,

vdPllud).

Notesto Fig. 2:

1. Ny — the total number of particles: Dy — the largest diameter
2. R? — determination coefficient

3. x— experimental values; - linear trend.
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The fractal dimension of random sequence was cal- the calculations of fractal dimension of functions of
culated using the Hurst exponent H (form. 2). fraction and certain particle distribution (Table 1).
The values of dimension change in relation to the

D=2-H (form. 2). increase, i.e. the type of porosity (macroporosity or

inter-particle porosity).
The values of fractal dimension D and Dsare signif-
icantly different, which indicates the difference in

Selected results of calculations of values of fractal dimension of the structure of the Dniprovsky horizon
Table 1.

The fractal dimen-
The fractal dimension of the function | sion of the particle
of particle (fraction) size distribution contour sequence

Magnification Kk D D H
80 0.045 1.955 1.119 0.881
200 0.034 1.966 1.143 0.857
800 0.037 1.963 1.145 0.855

Notesto Table 1.
K — slope coefficient of the straight line; D fractal dimension of the sequence of grouped data; D — fractal dimension of contour
sequence; H — the Hurst exponent

The calculations of the dimension of the The sample preparation method also affects
function of particle distribution using the results of the dispersity of soil (Fig.3). The disperse method
granulometric analysis with three methods of sam- of preparation achieves the highest decomposition
ple preparation indicate the presence of a depend- of the aggregates and higher number of fine frac-
ency between the dispersity (aggregativity) and the tions compared to the samples prepared using ag-
dimension. gregate or semi-disperse method.

edPI11df 100,08-&
vdPIlud

50 -
o4
ol
| : ——0,00 A e . o et . .
0001 001 01 1 o001 0,01 01 1 0001 0,01 0.1 1
- Cmm ]| el e—j— ] - Cmm ]| el e—j— ] e ]| el e—j—]

Fig. 3. Integral curves of granulometric composition of DofinovskyedP,,,df, UdaiskyvdP,,,ud and Dniprovskyvd P, dn horizons.
Notes to Fig. 3, 4.

I — disperse method of sample preparation; A— aggregate method of sample preparation; IT- semi-disperse method of sample prepa-
ration.

The fractal dimension of fraction distribu- of the fractal dimension of the particles (fractions)
tion function was calculated using the method de- are higher compared to the aggregate and semi-
scribed above (see form. 1, Fig. 2), the value of aggregate methods (Fig. 4).
topological dimension was considered as equal to 3. This indicates the natural relation between

The analysis of the results showed that using the the dispersity and the fractal dimension of the parti-
disperse method of sample preparations, the values cle distribution function of loess soil.

126



Tatyina P. Mokritskaya,
Ksenia O. Samoylych, Andrii O. Stanchev

Dniprop. Univer. bulletin, Geology, geography., 25(2), 123-128.

2,5 A

1,5 A

0 / /

— —

edPIlIdf ed PIlIvt

alalo | alaln

alalm o xlalm
vPIllud | vPlldn |

Fig. 4. The fractal dimension of DofinovskyedP,,,df, UdaiskyvdP,;ud and Dniprovskyvd P,,dn horizons

Also we calculated the fractal dimension of
the distribution of particles in the samples with al-
tered condition: compressed and filtrated (Table 2).
The fractal dimension of the distribution of particle
sizes is related not only to the dispersity, but also to
the hydrophility. In the horizons of fossil soils (wa-
ter-saturated condition) the values of dimension
were higher, and in the subaerial loess sediments
were lower compared to the dimension typical for
natural conditions. A sharp rise in the content of
free clayey particles as a result of compression in

the water-saturated condition is typical for the hori-
zons of fossil soils. The loess sediments were ob-
served to have change in the content of pul-
verescent and larger particles and aggregates.

As a result, the value of the fractal dimen-
sion were lower after compression and moisturizing
of the soil. Usage of magnetic stirrer in the prepara-
tion of the sample for the granulometric analysis
leads to increase in the value of dimension com-
pared to the values after using mechanical stirring

Table 2. The fractal dimension of the soil particles distribution function (change in the condition).

Experimental conditions
Horizon S \ Z M F
Prychornomorsko-Dofinovsky(vd,ePpc+df) 27 | 267 |263 |241 |-
Udaisky horizon (vd Py ud) 2.25 | - - 2.61 -
Tiasmynsky horizon (vdPyts) 245 | — — — 2.37
257 | — — 265 |-
Dniprovsky horizon (vd Py; dn) 2591273 |- 267 |-
2.76 | — — — 2.45
Kaidaksky horizon (e Py kd), 2781239 |232 |- —
Zavadovskyhorizon (eP;;zv) 2.62 | — — — 25

Notes to table 2:
S — standard preparation of the sample forgranulometric analysis;

V — the condition after the compression in water-saturated condition;

Z — the sample tested for the subsidence using the method of a single curve;

M — aggregate preparation (magnetic stirrer);
F — the sample affected by the filtration.

Results and discussion.The method of sample
preparation forgranulometric analysis affects the
measurement of the content of fine fractions, fractal
dimension of particles distribution function.
Disregarding the methods of preparation, the values
of dimension are lower in loess sediments com-
pared to the paleosols.

Comparability of the values of fractal di-
mension of distribution of solid phase of different
topological dimension (flat sections and volumetric
particles) was observed during the aggregate and
semi-disperse methods of preparation.

The external effect on the loess soil causes
a change in the microaggregate structure, which
was observed in the changes of fractal dimension of
the soil particle distribution function.
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