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Microaggregate composition and other features of the loesses of Kryvyi Rih

T.P. Mokritskaya
Oles Gonchar Dnipro National University, Dnipro, Ukraine, e-mail: mokritska@i.ua

Abstract. The study of the degradation of the properties of subsiding soils under the
conditions of technogenesis led to the need for searching the relationship between
changes in the soil physical properties, deformability, strength and its dispersity. Many
researchers focus on the influence of the soil microstructure and its changes on the
processes of deformation and collapse. Current models of the distribution of particles and
pores in various soil media, cavities of various origin and cracks are based on the theory of fractals. Techniques for a practical
application of the theory to estimating the scope of work, calculating the indicators, and engineering-geological forecasting are being
developed. The previous studies showed that the theory of fractals, applied to the investigation of subsidence degradation, allowed an
assessment of deformations arising from the decomposition of microaggregates in loess deposits of the city of Dnipro. A long period
analysis of changes in the properties of loess deposits on the territory of the city of Kryvyi Rih showed that the changes in physical
properties and conditions had a regional character. The paper presents the results of experimental studies of the microaggregate
composition of loess samples taken in the depth interval of 1 - 7 m in the zone of influence of Kryvyi Rih. The microaggregate
composition was determined by the new method, which we tested while studying the loess of the city of Dnipro. The total number of
particle size analyses performed was 128. The results of the analyses were used to estimate the fractal dimension of the function of
particle distribution by volume. The values of the function vary slightly, but the nature of the changes differs depending on the
method of sample preparation for the analysis and its dispersity. Strength indexes have been determined with Physical. It has been
shown that there is a correlation between the content of fine particles and the values of limiting tangential stresses Indicators of the
physical condition are the repressors of tangential stress values. According to the results of the correlation analysis, the values of the
soil density, the upper and lower limits of plasticity, and the content of particles with a size of 0.05-0.001 mm and less than 0.001
mm were selected as repressors.
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Mikpoarperatuuii ckjaa Ta iHmi ocooanBocti geciB Kpusoro Pory

T.IT. Mokpuiibka

Jninpoecwruii nayionanshuil ynieepcumem imeni Onecsi I'onuapa, /[uinpo, Yrpaina, e-mail: mokritska@i.ua

AnoTanisi. BuBueHHs nerpajanii BIacTHBOCTEH NMPOCiJal0YMX IPYHTIB B YMOBaX TEXHOT'€HE3y MPHU3BEIO O HEOOXiJHOCTI MOIIYKY
3B'I3KiB MDXK 3MiHaMHU (Di3UYHUX BIIACTHBOCTEH, J1eOpMOBAHOCTI, MIHOCTI i AUCTIEPCHOCTI IPYHTY. YBary 6araTbox JIOCIiJTHUKIB
NPUBEPTAIOTH MUTAHHS BIUTUBY MIKPOCTPYKTYpPH IPYHTIB i 11 3MiH Ha npouecu aedopmyBaHHs i pyiiHanii. CygacHi Moaesi po3mnoainy
YaCTHHOK 1 TOp PI3HUX TPYHTOBHUX CEPEIOBHII, TOPOKHHH PI3HOTO TOXOJDKEHHS, TPIIIMH 3aCHOBaHI Ha BHKOPHCTAaHHI Teopii
¢pakraniB. Po3po0iArOTECS TEXHONOTIT MPaKTHYHOTO 3aCTOCYBaHHS Teopil IO MUTaHb OLIHKH OOCSATIB po0IT, PO3paxyHKY
MOKA3HHKIB, NPOOIeM I1HXXEHEepPHO-TEOJIOTIYHOTO IIPOTHO3YBAaHHS. Y MONEpeHiX NOCII/DKEHHSIX Oylo MOBEJeHO, IO Teopis
(pakraiiB i 1l 3acToCcyBaHHs 10 ONMKUCY JETPajalii MpOCiJaHHs HaJa€ MOXKIUBICTE OIIHUTH IeOopMallii, 0 BHHUKAIOTh IPU pO3Maji
MiKpoarperaTiB Ha NpPHUKIal JIeCOBHX BinknaaiB p J[Himpo. B pesynpTaTi aHamizy 3MiH BIaCTHBOCPOIOTEH JIECOBHX BiIKIa/AiB Ha
tepuropii M. Kpusnit Pir 3a tpuBanuii nepioa, 0yso m0BeaeHO, 10 3MiHM (i3WYHUX BIACTUBOCTEH 1 CTaHy MalOTh PErioHaIbHUN
xapakTep. B po0oTi HaBeneHO pe3ynbTaTH EKCIIEPHMEHTATbHUX JOCHIPKeHb MIiKpOarperaTHoro CKJIaay 3pasKiB JIECOBHX IOpin,
Bi1iOpanux B 30Hi BrumBy M. Kpuswuii Pir B inTepBani rmubun 1 - 7 M. MikpoarperaTHuii ckiial BU3Ha4aBCsl 32 HOBOIO METO/IUKOIO,
anpoOOBaHOI0 HAMU TIPU JOCIIDKEHHSAX JieciB M. JIHinmpo. 3araigbHa KUTBKICTh BUKOHAHUX aHAJII3iB I'PaHYJIOMETPHIHOTO CKIAmy
cknana 128. 3a pesynpraTamMu aHami3iB Oysu po3paxoBaHi 3HaUeHHS (hpakTaabHOI QyHKINT pO3MOAiTy YacTOK 3a Maco0. 3HAUCHHS
(GyHKIIT 3MIHIOIOTBCS HE3HAYHOIO MIpOI0, alle XapakTep 3MiH Pi3HHH 1 BH3HAYA€THhCS BIDIMBOM CIOCOOY IMIATOTOBKH 3pa3ka J0
aHami3y i #oro mucrepcHicTio. BukoHaHO BH3HA4YeHHs (i3WYHUX BIACTHBOCTEH, MOKA3HMKIB MITHOCTI. [loka3zaHo, 10 Mi>K BMICTOM
TOHKOJICIIEPHUX YaCTHHOK 1 3HAYCHHSIMH I'PaHUYHHMX JOTHYHUX HANpPYKeHb iCHye Kopemsuis. PerpecopaMu 3HaueHb JOTHYHHX
HanpyXeHb € MOKa3HUKU (i3MYHOro cTaHy. 3a pe3yiabTaTaMH KOPEILIHHOIo aHamidy B sIKOCTI perpecopiB Oynu oOpaHi 3HaYCHHS
IIITBHOCTI IPYHTY, BEPXHBOT Ta HIDKHBOI MEX IIACTHYHOCTI, @ TAKOXK BMicTy yacTHHOK po3Mipom 0,05-0,001 mm i menmre 0,001 mm.
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Kniouosi crosa: nec, hppaxman, epanynromempuyunuii cknao, Kpusuii Pie.

Introduction. Loess deposits are widespread on
the territory of the city of Kryvyi Rih. The
process of technogenesis has given rise to changes
in their properties and state (Mokritskaya, 2013).
Monitoring geological processes is a pressing
scientific problem (Skrzypczak 1. et al., 2017).
Changes in the properties of subsiding and other
dispersed soils are accompanied by a change in
the microaggregate composition and by the
formation of a new structure, accompanied by the
formation of a soil with new properties. The
concept of soils as a medium similar to a natural
fractal is widespread. A significant contribution to
the study of structures of discrete soil media and
the patterns of fractal distribution of pores and
particles was made by A. R. Russel (2010-2014).
Various aspects of the application of the fractal
theory to loess were investigated in the works of
Delage P. et al., 2005, Du Y C et al., 2017.

Y. Yamakawa et al.,, 2017, proved the
formation of diffuse bifurcations, i.e. a catalyst
that produces different structures of shear bands.
Dafflon, B., and W. Barrash, 2012, showed that
the estimation of porosity spatial distribution is a
topical scientific issue that can be solved by
modeling the structure using simulation methods.
M. J. Jiang and al., 2017, showed that the form of
soil degradation strongly depends on the joint
geometry, i.e. the structure of the soil. They also
showed that the bond breaking due to stretching is
the dominant factor. Investigating the deformation
behavior of natural loess in the vicinity of the
tunnel, M.J. Jiang and al., 2017, showed that the
stress - strain increment ratio changes depending
on different pressure directions. These findings
also testify to the importance of studying the
natural structure of loess. W.-C. Cheng and al.,
2017, showed that the parameters of karst forms
(diameter and length) are described by a power
dependence; they used self-similarity and
invariance to calculate the volume of cementation
of cavities. A. Sufian, A. R. Russed, A. J. Whittle,
2017, showed that the anisotropy of pores can be
associated with the anisotropy of contacts between
particles. Gao, Y. and al., 2018, showed that in
swelling, intraaggregate porosity is more
important than interaggregate one. K. Ran and al.,
2018, showed that changes in the physical
structure have a greater impact on the mechanical
properties of the loess than a change in the
chemical component. X. Zhang and al., 2017,
experimentally and theoretically proved that the
porous soil medium with a multifractal
distribution of particles is characterized by a
“memory” even under heavy loads. A review of
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publications, an analysis of the results of previous
studies shows that the analysis of the
microstructure of loess soils in the territory of
Kryvyi Rih is a pressing issue.

Materials and methods. The natural-technogenic
system under study is located within the
boundaries of a polygenetic plain with several
hypsometric levels. Archean plagiogranites of the
Dniprovsky and Saksagansky complexes and
Lower Proterozoic (Kryvorizka and Ingulo-
Ingulenska series) rocks take part in the
geological structure of the territory; the
development of the areal type crust of weathering
is associated with the Proterozoic.

Eopleistocene, Neogene and Paleogene
sediments are represented mainly by clay. The
Neopleistocene includes Upper Pleistocene
alluvial sands, as well as eluvial and aeolian
loesslike deposits (Prychornomorsky, Dofinivsky,
Bugsky, Priluksky horizons); the lower and
middle Pleistocene is represented by subaerial
loess-like  formations of the Kaidaksky,
Dniprovsky, Zavadsky horizons. The thickness of
the subaerial covers reaches 7-13 m. The Kryvyi
Rig iron ore basin is located within the
hydrogeological province of the Ukrainian Shield
and the southern slope of the Prychornomorsky
artesian basin. The depth of groundwater is
subordinated to geomorphological zonality,
varying from 1.0 to 5.0 m and more. The rate of
current positive vertical movements is 0.6 — 4.8
mm / year, horizontal — 3 — 10 mm / year.

On the whole, the geotechnical conditions
of the region are complex. The low thickness of
the periglacial formation and the wide distribution
of thick layers of clay in its base contribute to the
limitation of the zone of technogenic influences.
Nevertheless, the long period analysis of its state
allows revealing the features of the changes that
have occurred.

Within the boundaries of the natural -
technogenic system of a regional level, including
the Kryvyi Rih iron ore basin, the main sources of
technogenic impacts are mining companies, urban
areas and agricultural areas. In the assessment of
the intensity of anthropogenic impacts by indirect
criteria (urban population, depth of mine workings
and the area of disturbed soil, KP
Ukryuzgeologiya), the following stages were
distinguished for the period from 1949 to 2006:
1949-1955. (I); 19561971 (11); 1972-1989 (ll);
1990-2019 (IV). Regionally manifested processes
of  subsidence have been developing;
waterlogging, the rise of groundwater levels in the
areas of intensive construction has continued; by
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2008, the population and water consumption had
decreased. The intense technogenic impact has
affected the state of the periglacial formation
represented by vulnerable subaerial loess-like and
paleo-soil formations. Today, identifying regional
changes in the soil properties of the soil-loess
series of the periglacial formation is an urgent
scientific issue.

To assess the regional changes, the study
uses the results of engineering and geological
investigations, which have been included in the
regional UkrYuzhegeologiya database, as well as
the findings obtained by DniproGiprotrans and GP
DneproGIINTIZ. The total number of samples
exceeds 1000. The information is provided on the
engineering-geological properties of loess-like
loams of the periglacial formation and other
stratigraphic-genetic complexes, which occur
within the boundaries of industrial sites of
enterprises and residential construction in the
territory of Kryvyi Rih and areas of agricultural
activity. The data were processed for the periods
corresponding to the stages of the intensive
technogenic impacts: 1949-1971. (Stages | and 11
combined), 1972-1989 (I11) and 1990-2006 (1V).
An analysis of the statistical features of the
distribution of the properties of the unsplit
Prychornomorsky-Dofinivsky horizon in time
within the boundaries of the city of Kryvyi Rih
indicates a decrease in the variability of physical
properties, relative subsidence, and an increase in
the non-uniformity of mechanical properties
during 1972-1989 and 1990-2006 (stages Il and
Il under study); the state of the horizon by its
ability to perform geo-ecological functions was
deteriorating. The following regional trends in the
changes of soils of the periglacial formation in the
zone of influence of the Kryvyi Rih
agglomeration were established:

« indicators of soil condition are relative
subsidence, specific cohesion, modulus of
deformation;

* subaerial loess loams are most sensitive;

» degradation of the subsidence properties
of soils leads to a change in indicators that depend
on the degree of disturbance of their structural and
textural characteristics during long-term changes
in physical properties;

» degradation of soil subsidence in this
region is accompanied by a decrease in their
specific adhesion and deformation modulus with a
simultaneous increase in the values of the internal
friction angle;

* values of the mechanical properties of
soils in the region correlate with the values of
their porosity and density more closely than with
their humidity;

» the relationship between the porosity and
natural moisture content of loess-like loams in the
degradation of their subsidence properties is not
linear in time;

» the direction of changes in the mechanical
properties of the Prychornomorsky-Dofinivsky
horizon coincides with the zone and stage of the
same anthropogenic impacts. The increases in
variability and asymmetry and deterioration of
mechanical properties have a regional character.

This paper presents the results of the study
of the microaggregate composition of loess
deposits sampled by the enterprise ZAT
Dniprokomunproekt in 2018 and submitted for
scientific analyses to the research group of the
Institute of Geology at the Oles Gonchar DNU.
The sampling points are shown in Fig. 1. Samples
of the Prychornomorsky-Dofinivsky horizon were
studied; sampling depths was from 1 to 7 m.

Fig. 1. Location of the sampling points on the profile (city of Kryvyi Rih).
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Results and discussion. The laboratory studies
enabled obtaining the indicators of physical and
classification properties of the soil. According to
the findings, the samples mainly represent light
loams of dry and stiff-plastic consistency (Table
1). Laboratory studies of the strength of loess
loams were also performed as single shear tests.
The main objective of the study was to
determine the microaggregate and granulometric
composition of loess-like loams using a new
technique (Ryashchenko, 2010). In accordance
with this technique, the determination of
microaggregate and granulometric composition of
a soil is carried out with three different methods
of preparation;: aggregate, semi-dispersion and

dispersion methods. In the aggregate method, the
pre-soaked sample is subjected to mechanical
shaking. With the semi-dispersion method, the
sample is boiled with an addition of an aqueous
solution of ammonia, and with the dispersion
method, the sample is boiled with an addition of
sodium pyrophosphate. Different methods of
preparation affect the dispersity of the soil.

The difference in estimates of the number
of particles of a certain size shows the importance
of the microaggregate composition of the soil as
an indicator of its state. The difference in the
estimates characterizes the possible region of
states by the dispersity of the soil subjected to
mechanical or chemical action.

Table 1. Indicators of the physical properties of Upper Quaternary loess-like loams (Kryvyi Rih, 2018).

N | Depth of | Physical properties
o | sampling, | Natural Moisture content | Moisture content at the | The density of | Soil
m moisture at the yield point, | rolling-up boundary, | soil particles, density,

content, unit | unit fraction unit fraction g/cm3 g / cm3
fraction (W) | (WL) (Wp) (ps) (p)

111 0,22 0,36 0,2 2,68 1,86

2 |7 0,21 0,32 0,18 2,68 1,81

313 0,19 0,33 0,21 2,67 1,76

4 115 0,2 0,32 0,19 2,67 1,87

5115 0,18 0,34 0,24 2,67 1,76

6 |3 0,19 0,31 0,18 2,67 1,76

7 16,8 0,19 0,29 0,19 2,67 1,71

8 |66 0,15 0,26 0,18 2,67 1,58

In the previous studies of the properties of
subsiding soils of the Middle Dnieper region, we
showed (Mokritskaya, 2013) that loess soils are
characterized by a change in the microaggregate
composition under prolonged filtration and
compaction. It was also shown that the results of
particle size analysis may be used to calculate the
values of the function of the fractal dimension of
particles by mass, and to find the predicted values
of the volume deformation for a new state of soil
that evolves after the  break-up of
microaggregates. The behavior of loess-like upper
guaternary loams in the zone of influence of
Kryvyi Rih also shows a predisposition to changes
in dispersity under various types of technogenic
impacts.

A total of 128 assessments of the
granulometric composition of loess loams were
made. The contents of the following particle sizes
were determined: larger than 1 mm, 1- 0.5 mm,
0.5-0.25 mm, 0.1-0.25 mm, 0.05 -0.1 mm, 0.01-
0.05 mm, 0.005-0.01 mm, 0.005-0.001 mm and
less than 0.001 m. Typical particle size
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distribution curves of loess prepared by different
methods are shown in Fig. 2 - 4.

In the aggregate and semi-dispersion
methods of preparation, the maximum content of
particles of fractions 0.05-0.25 mm and 0.25-0.5
mm is observed, water-sensitive aggregates are
mainly destroyed. With the dispersion method of
preparation, the content of particles with a size of
less than 0.001 mm, as well as fractions with sizes
of 0.001 - 0.002 mm, 0.002 - 0.005 mm, 0.005 -
0.01 mm increases. An analysis of the curves also
shows that the maximum number of fine particles
is observed under the dispersion method of
preparation, while the minimum number is
observed under the aggregate method The semi-
dispersion method of sample preparation results in
the changes in the dust particle content. The same
patterns were revealed when analyzing the results
of the particle-size analysis of loess in the
Prydniprovskyi industrial region (Mokritskaya,
2013).

To estimate the values of the particle mass
distribution function, we plotted the dependence
of the total particle content against the size on a
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double logarithmic scale. Then, the parameters of using the linear trend equation is confirmed by
the linear trend were calculated, and the angular sufficiently high values of the coefficient of
coefficient was used to estimate the values of the determination, since they take values greater than
particle mass distribution function (Fig. 5). The 0.7.

reliability of estimating the values of the function
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o : : :
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Fig. 2. The results of six simultaneous determinations of the granulometric composition of a sample prepared by the aggregate
method.
Notes:
N, % - total number of particles;
R — particle size/
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Fig. 3. The results of six simultaneous determinations of the granulometric composition of a sample prepared by the semi-dispersion
method.
Notes:

N, % - total number of particles;
R — particle size/
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Fig. 4. The results of six simultaneous determinations of the granulometric composition of a sample prepared by the dispersion
method.

All the graphs are characterized by a values were performed for the entire particle size
stepped structure, which indicates the prevalence range, which does not underestimate analyzing the
of particles of two classes, i.e. dust and clay in the contents of individual fractions and their changes.

soil composition. Calculations of the function
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v=-0,273x+2,94
R*= 0,757

Fig. 5. The total content of particles plotted against their size.
Notes:

1. R?- coefficient of determination:

2. (y=-0,273x+2,94) - trend equation.

The calculated values of the fractal dimension of
the particle mass distribution function change only
slightly (Table 2). The variability of values of

samples taken from larger depths is lower in the
case of the semi-dispersion method of sample
preparation.

Table 2. Values of the fractal distribution function of particles by mass D.

Depth of Values of the fractal dimension of the particle mass distribution function for different
sampling methods of sample preparation prior to a particle size analysis
z,m Aggregate method of Semi-dispersion method of Dispersion method of
preparation preparation preparation
A S D
15 2,858 2,861 2,855
7 2,910 2,687 2,908
1 2,849 2,898 2,849
3 2,732 2,719 2,731
6,8 2,814 2,809 2,873
1,5 2,787 2,795 2,848

In order to assess the impact of dispersity
and microaggregate composition of loess soils, a
statistical analysis of the content of individual
fractions, strength parameters and indicators of
physical properties was performed. The results
were analyzed using the Trial-version of the
program STATISTICA. The purpose of the
analysis was to trace in what way the dependent
variable, i.e. the shear stress of the shear T, MPa,

is affected by the values of the physical properties
and dispersity. According to the results of the
correlation analysis, the values of the soil density,
the upper and lower limits of plasticity, and the
content of particles with a size of 0.05-0.001 mm
and less than 0.001 mm were selected as
regressors. Paired regression equations were
obtained (Table 3).

Table 3. Models of regression between the values of shear stress for different normal stresses and soil physical properties.

Form of equation Coefficients of determination | Standard error
0p1 =- 3,56+30,87*Wp-1,689* PI | 0,984 0,09

op2 = 2,02-2*Wp - 0,727*PI 0,757 0,026

0p3 = 2,02-1,96*Wp - 0,732*PI | 0,749 0,027

Key to Table 3:

W - moisture content on the rolling-up border, unit fraction.

Pl - - density of the soil of a natural structure, g / cm3;
Tg.1 — - tangential shear stress at a normal stress of 0.1 MPa.

Conclusions. The obtained contents of various
fractions, which are subject to changes due to
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mechanical and chemical effects on the soil,
suggest the following conclusions:
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- the method of preparation of a loess soil
sample affects the content of fine and dust
fractions in the zone of influence of the Kryvyi
Rih natural-technogenic system;

- processing the results of particle size
analysis, performed by the method (Ryashchenko,
2010), allows calculating the values of the fractal
mass distribution function of particles;

- the content of the fine fraction has less
effect on the strength values of loess soil than
physical indicators;

- the nature of the variability of fractal
dimension values changes with depth.
Acknowledgements. This work was supported by
the Ministry of Education and Science of Ukraine,
state budget issue Ne 0117U001210.
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