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The authors of the article analyzed the geomorphological, geological and hydrogeological features of the structure of the slopes
of river valleys within the boundaries of the loess plateau under anthropogenic influence. The main factors of the occurrence
of landslide processes were highlighted. The geomorphological structure of the slope was analyzed taking into account the
dynamics of landslide processes. The influence of the hydrogeological regime on the reduction of the mechanical properties of
soils within the basins was evaluated. The authors analyzed the genesis of loess, loess, and deluvial-proluvial deposits.
A spatial information model of the slope array has been compiled. Its stability of the massif of the slope was evaluated taking
into account the geological structure, hydrogeological factor, structural parameters of soils and their changes within the basins
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IIpupoaHi Ta aHTPONOreHHi YHHHUKH 3CYBHUX NPOLECIiB
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IIpoanamnizoBano reoMopdosorivHi, Te0JOTiHI Ta TiAPOTeoNIOriuHI 0COOIMBOCTI OYMOBH CXHIIIB PIYKOBHUX JOJIUH y MeXax
TTonTaBCHKOro JIECOBOTO [IATO 32 3HAYHOT'O aHTPOIIOIeHHOTO BIUIUBY. BUIIiICHO OCHOBHI YMHHHKH BHHUKHECHHS 3CYBHHX IIPO-
ieciB, 30KpeMa, 0COOIMBOCTI reoIOriyHOT OyJOBH Ta TiIPOTeOJIOTIHOTO PEKUMY CXIITY, TeHE3HC 1 Pi3MKO-MeXaHiqHi BIaCTH-
BOCTI BiIKJIaAiB, SIKi CKJIAIAIOTh MACHB, 3MiHa HABEAECHHX ITapaMeTPiB MiJ] BILIABOM IMPUPOJHIX a00 aHTPONOTEHHUX (aKTOPiB.
BupineHo tunu pensedy Ta MexaHizM (GOpMyBaHHs JIECOBHX IOPiJ Y MEXaX JISCOBOTO ILIATO, OBEPXHs SKOTO MpopizaHa
JIOJIMHHO-ePO3iiHHOI0 Mepexero. JlociipKeHo reoMopdooriyHy OyI0BY CXMITy 3 ypaxyBaHHIM AUHAMIKH 3CYBHHX MPOLECIB.
BusiBiieHo craposaBHi 3ariaubieHHs Y BOTOTPUBKUX ab0 c1aOKO MPOHUKHUX IPYHTAX — YJIOTOBHHH, SIKi BU3HAYAIOTh OYIOBY
cxuny. OUiHEeHO BIUTHB TiPOTeOJIOTiYHOTO PEXUMY, IO Ma€ CKIaJHy CTPYKTYpY i IMHAMIiKy, Ha 3MiHY HampyKeHo-aedop-
moBaHoro crany (HJIC) macuBy Ta, SIK HAaCIliJOK, BAHUKHEHHS JIOKAJIbHUX 3CYBHUX SBULL. JOBEIICHO 3HKEHHS MEXaHIYHHX
BIIACTUBOCTEH IPYHTIB ynorosuH. [IpoaHasni3oBaHO TeHE3UC JIECOBUX, JICCOBAHHX 1 JCNIOBIaIbHO-TIPOIOBIAIbHIX BiIKIAMIIB,
SKi Ha CXWJIaX IEepeXOJITh y HeCTilKkui craH. PO3IIISTHYTO BIaCTUBOCTI MIITHOCTI IPYHTIB, IX ()OpMyBaHHS, METOIU BH3HA-
4eHHs. BCTaHOBJICHO JIOKaJIbHI HEraTHBHI iH)KEHEPHO-Te0JIOTI4HI IIPOLIECH Ha CXUITi, 30KpeMa, aHTpororeHHuii pruis Ha HIC
macuBy. OOTpyHTOBAHO MeXaHi3M i AMHAMIKy BUHUKHEHHS Ta pO3BUTKY 3CyBiB. CKJIaJIeHO TPOCTOPOBY iH(pOPMALiHy MOJEIb
CXUILY, B sIKiii BpaXOBaHO I'€0JIOTiuHy Horo OyJ0BY, yJIOTOBUHH, I1JPOre0IOriYHUIi pexkuM, 3cyBHI MacuBH. OL[iHEHO CTIHKICTh
i€l MozeNti CXuily 3 ypaxyBaHHsM I IPOCTOPOBOI Fe0I0ri4HOI OyJOBH, TiAPOreoIorivHoro HaKTopy, CTPYKTYPHHUX HapaMer-
piB mopix Ta ix 3MmiH y Mexax ynoroBuH. Ha 6a3i pe3ynbTaTiB OLIHIOBAaHHS CTIMKOCTI CXHJIy 3 ypaxyBaHHSM BIUIMBY
KaHai3al[iiHOro KOJEKTOpY Ul HOro mojansiunoi Ge3aBapiifHol ekcruTyaranii peKOMEHI0BaHO KOMILIEKC BiAMOBIAHUX MPO-
TH3CYBHHUX 3aXO/IiB

Kiiro4oBi ci1oBa: peibed, reHesmnc, 1ecoBa Mopoja, CXHil, 3CyB, YIOrOBHHA, MIIHICT IPYHTY, CTPYKTYPHE 34eIICHHS, HAIPY-
JKEeHO-1eOpMOBaHUIA CTaH, CTIHKICTh
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Introduction

The central part of Left Bank Ukraine is located
within the Dnieper Lowland. The modern topography
of the Poltava region was formed under the influence of
endogenous and exogenous processes mainly in the Ce-
nozoic era.

The main geomorphological features were laid down
in the Neogene period during the formation of a
branched river system. The final formation of the relief
and geomorphological structure took place due to the
active erosive activity of surface waters during several
cyclic glaciations in the Quaternary period. Within the
accumulative plain, river valleys, floodplain terraces
and loess plateaus were formed as a result of these ac-
tive geological processes [1-3].

Within the plain, the geological structure with several
horizons of Quaternary soils is characterized by a wide
distribution of loess and loess rocks. They are covered
with heavy loams and clays. These soils have eolian-
deluvial and eluvial genesis.

The geomorphology of the slopes of river valleys in
the Poltava Region was formed by the active develop-
ment of landslide, erosion, and suffusion processes and
phenomena. The peculiarity of the geological structure
is the uneven accumulation of loess and loess soils
along ancient depressions in water-resistant or poorly
permeable soils - "basins" [1-7].

Such slopes are classified as landslide or landslide-
prone areas [4-9].

Review of the latest research sources and publica-
tions

When developing these territories, one should take
into account the peculiarities of the geological and hy-
drogeological structure, the change in soil properties,
the development of negative processes, etc. This deter-
mines the necessity and complexity of research that an-
alyzes the causes of landslides when the stress-strain
state (SSS) of the soil massif changes [4-14].

The analysis of the causes of landslides, the dynamics
of the development of landslide processes, the peculi-
arities of the physical and mechanical properties of
soils within the slopes of river valleys and the peculiar-
ities of the protection of territories from landslides are
described in the works of 1. Boyko, Yu. Velikodnyi,
L. Ginsburg, M. Goldshtein, M. Demchyshyn, A. Dra-
nnikova, M. Zotsenko, M. Kornienko, V. Kraeva,
M. Maslova, S. Meschyana, H. Strizhelchyk, V. Shvets,
O. Shkola, A. Bishop, A Casagrande, J. Duncan and
others.

Insufficient study of the features of engineering and
geological structure, inaccuracies in determining soil
properties and methods of determining slope stability
lead to errors in design and operation in landslide and
landslide-prone areas.

These errors cause the destruction and damage of
buildings and structures, engineering communications
and have other negative consequences. Large-scale
landslide processes and phenomena can be the cause of
technogenic and environmental disasters [6, 7, 11-14].

There is a significant number of classifications of
landslides, which are developed on the basis of geolog-
ical structure, dynamics of landslide masses, nature of
landslide processes, etc. These classifications are in
constant development and expansion to take into ac-
count as many features of the engineering-geological
and hydrogeological structure as possible. [5].

A special place is occupied by the assessment of slope
stability. It is necessary to take into account the classi-
fication of the slope and the features of the engineering
and geological structure, use the data of laboratory and
field tests, monitoring of landslide processes, take into
account changes in the physical and mechanical prop-
erties of soils and other factors during the calculation.
[15-20].

An important place in the complex approach to the
study of the causes of the occurrence and development
of landslide processes is the genesis of soils on the
slope. Features of the origin and formation of the soil
massif significantly affect the formation of landslides,
physical and mechanical properties of soils, hydrogeo-
logical regime, etc. [2, 5-7, 10-12].

The hydrogeological factor exerts a significant influ-
ence on the dynamics of landslide masses on the slopes.
Features of the hydrogeological structure exert a signif-
icant influence on the stress-strain state of the soil mas-
sif of the slope. This especially affects the change in
soil properties. The regime of groundwater is charac-
terized by the occurrence of a waterproof layer, on the
roof of which their movement occurs. The peculiarities
of the hydrogeological regime include a relatively rapid
change under the influence of natural and anthropo-
genic factors [21-26].

Definition of unsolved aspects of the problem

It is necessary to take into account a wide range of
variable factors and initial data for a qualitative assess-
ment of slope stability and the design of effective anti-
slide measures. The most effective are the methods of
modeling shear processes. They take into account the
spatial effects of soil layers and the movement of
groundwater, soil characteristics and the forecast of
their change, anthropogenic factors.

The results of slope stability analysis depend signifi-
cantly on soil strength characteristics and their physical
condition.

However, the methods of soil testing recommended
by the standards often give overestimated values of the
strength characteristics. Since they do not take into ac-
count the actual condition of the soil in the massif of
the slope [15]. When physical properties change, soil
strength parameters also change. [4].

Therefore, when determining the characteristics of
soils to assess stability, it is necessary to use methods
that maximally reproduce the stressed state of soils in
the massif within the slope. The characteristics deter-
mined by such methods often have lower values com-
pared to standard methods. At the same time, the calcu-
lated stability coefficients showed that the use of such
parameters allows for more reliable evaluations that are
correlated with field observations [6, 7].
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Problem statement

Therefore, the purpose of the work is to research the
causes of landslide processes of the soil massif, taking
into account the features of the engineering-geological
and hydrogeological structure of the slope, physical and
mechanical properties of soils, dynamics of landslide
masses, technogenic influence and assessment of sta-
bility taking into account these factors.

Accordingly, in order to achieve the purpose, the fol-
lowing tasks are selected: engineering-geological and
hydrogeological studies of the territory; determination
of features of the genesis of the soil massif; laboratory
studies of soil characteristics taking into account their
structural strength; forming the initial data of the calcu-
lation model of the slope; making an assessment of
slope stability with recommendations for stabilization
of landslide processes on the slope

Basic material and results

Actual scientific work is based on the results of a nat-
ural objects studies (Fig. 1) - the slope of the Poltava
loess plateau (on the outskirts of the city of Poltava)
with significant anthropogenic influence. An analysis
of the causes of landslide processes and phenomena un-
der the conditions of the slopes of river valleys was car-
ried out. Therefore, it is determined that it makes sense
to highlight several main factors of the occurrence of
landslide processes, which include:

1) peculiarities of the geological structure of the slope
territory;

2) hydrogeological regime on the territory of the slope;
3) genesis and physical and mechanical properties of
the soils that make up the massif of the slope;

4) change of the above parameters under the influence
of natural or anthropogenic factors.

According to the first factor, places where landslides
occur on the slopes depend on the features of the
geological structure, which was formed in a certain
geological period.

Figure 1 — A characteristic view
of the research site at the top of the slope

In general, the territory of the Poltava region is a
plain. Within its boundaries there are the following
types of relief (Fig. 2): eolian-deluvial accumulative,
accumulative-denudation and accumulative-terrace
plain [1-5].

In the Middle Quaternary, the Dnieper glaciation had
a significant impact on the development of the relief
and its forms. It covered about 80% of the territory of
the region. Glaciation is associated with the formation
of numerous through valleys in glacial and periglacial
zones.

The territory of the Poltava region is characterized by
a wide development of loess rocks with several hori-
zons of fossil soils of lower, middle and upper Quater-
nary age. They were formed as a result of eolian delu-
vial and eluvial processes.

Loess Middle and Upper Quaternary rocks cover al-
most the entire territory of the region, with the excep-
tion of the first floodplain terraces and river flood-
plains. They participate in the formation of the modern
relief and its forms [1, 4, 5] (Fig. 3).

Floodplain
Pereyaslavskaya and Trubizhskaya
terraces

Passable valleys

| Gradizhskaya (Yagotinskaya and
Taganskaya) terraces

Burlytska (Gunkivska) terrace

Novoharkivska (Ostapivska) terrace

_ Ivankivska (Bagachanska) terrace

Figure 2 — Geomorpholog.'ical map of Poltava region
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IGE-2...5 - loess loams; IGE-6, 7 — clays; IGE-8 — sand;
IGE-1, 10 — deluvium, IGE-9 — clays

Figure 3 — A characteristic geological section
of the Poltava Loess Plateau

Under these geological conditions, the slope was
formed under the conditions of a relatively elevated for-
mation - a loess plateau. Its surface is cut by a valley
erosion grid.

As a result of such dismemberment, a branched ra-
vine-gully system with a certain geological structure
and a cascade of ponds was formed.

Lithologically, the section is represented by Paleogene,
Neogene and Quaternary systems. Paleogene deposits
are represented by Paleocene, Eocene, and Oligocene
formations. Oligocene sediments in the Neogene and
Quaternary times underwent significant destruction. The
upper part of these deposits is covered by a deep erosion
grid within the Pliocene terraces and plateaus.

The Neogene system consists of deposits of the Pol-
tava Formation, mainly clays and alluvial formations,
Miocene and Pliocene systems.

Quaternary sediments are represented by sediments
of different ages of eluvial genesis: aeolian-deluvial,
eluvial, and lake-swamp complexes.

The listed deposits are indigenous. Under natural con-
ditions on the slopes, they are in a stable state. From the
surface, the slopes are covered with bulk and deluvial-
proluvial deposits.

Under certain conditions, these rocks can go into an
unstable state, which will lead to the occurrence of
landslide phenomena.

The geomorphological structure of the slope changes
dynamically over a long period of time as a result of
active sliding processes.

The slope has areas with different slopes, landslides
cirque, terraces, brow of failure, bulk soil and anthro-
pogenic soils, cracks in the bulk massif, etc. (Fig. 4).

The features of the geological structure of the experi-
mental slope, as well as most of the slopes of river val-
leys, include the uneven thickness of loess, loess, delu-
vial, anthropogenic and other deposits. This is ex-
plained by the presence of ancient depressions in water-
resistant or poorly permeable soils, so-called "basins".

They determined the topography of the slopes [4]
(Fig. 5).

Basins in the water-resistant layer are covered by an-
thropogenic, deluvial and indigenous loess or loess
soils under the influence of various relief-forming fac-
tors.

10135 Mg 00

Figure 4 — Longitudinal engineering
geological section

138

1152852000

Figure S — Transverse engineering
and geological section

In these places, local areas with a complex stress-
strain state are formed on the slope, which determines
potential landslide arrays.

The factor of the hydrogeological regime has a signif-
icant influence on the dynamics of landslide processes.

It is connected with the hydrographic grid (Fig. 6) on
the territory of the region, which existed already in the
Neogene.

This is recorded by Pliocene terraces located in the
basins of the Dnipro, Sula, Psel and Vorskla rivers
[1,4].

30ipHHK HAyKOBHX mpalls. [ amy3eBe MammHOOyAyBaHHs, OymiBHUITBO. — 1 (58)° 2022 85



Figure 6 — Hydrographic grid of Poltava region

In addition to the Pliocene terraces, in the basins of
these rivers, in the upper and lower Quaternary ages,
supraflood terraces were formed. Modern floodplains
were formed in the Holocene. In the Quaternary age,
the intensive formation of river valleys took place in the
Lower Quaternary and Upper Quaternary ages, as well
as in the modern era during the formation of supraflood
terraces and floodplains.

In terms of hydrogeology, the site is part of the
Dnipro-Donetsk artesian basin. The hydrogeological
structure is characterized by the presence of two soil-
type aquifers.

The waterproof layer of the first horizon is Zavadi or
Neogene clay.

At the same time, this aquifer has a complex structure
and dynamics.

Groundwater discharge from the plateau to the slope
occurs locally in the form of springs and streams

(Fig. 7).

Place of
unloading of
groundwater

Figure 7 — Unloading of groundwater
from the plateau

These processes are carried out due to the structure of
the waterproof layer, due to the presence of a basin on
the slope. [6].

Then the phenomena of erosion, suffusion, creep de-
velop, and at the same time the pressure gradient in-
creases. The result of such influence is a decrease in the
mechanical properties of soils within the basins, an in-
crease in their deformability. These phenomena have
the most negative effect on loess, loess or deluvial soils,
which are formed above a waterproof layer. In such
places, sliding surfaces often occur. According to
which shifting processes take place in the future

(Fig. 8).

Figure 8 — The scheme of placing basins
on the slope

These processes are in constant dynamics. Systems of
natural drains are disturbed as a result of landslide pro-
cesses. Then the bulk mass and the upper layers of the
massif of the slope are saturated with water. After that,
the soil loses part of its strength, the strained state of
the soil massif changes. This contributes to the occur-
rence of local landslide phenomena and processes.

The third factor includes the origin of soils, which af-
fects the formation of their special physical and me-
chanical properties. Loess, loess, weak, and deluvial-
proluvial soils are the soils that most often become un-
stable on slopes under certain conditions. This is due to
the peculiarities of their eluvial genesis. At the same
time, there are aeolian, aeolian-deluvial, eluvial and
lake-swamp complexes. (Fig. 9).

Figure 9 — The structure of clays (a)
and loess loams (b)

This feature determines the physical and mechanical
properties of soils and their change due to various nat-
ural and anthropogenic phenomena.

Soil strength parameters include the angle of internal
friction ¢ and the total specific adhesion p. These pa-
rameters determine the stability of the soil massif on the
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slope. The general specific adhesion can be divided into
two components - structural adhesion and cohesion ad-
hesion ¢ = csr + 2w [4, 7].

The strength of loess and loess rocks is determined by
the influence of both types of adhesion, but their im-
portance is different. Structural cohesion has the main
influence on stability. It gives the breed a certain rigid-
ity, hardness. This type of coupling is due to the pres-
ence of some rigid bonds that act between the particles.
Structural connections are to a certain extent elastic in
nature, which determines the degree of deformation of
rocks and their density. However, when the soil struc-
ture is disturbed, rigid structural connections are irre-
versibly destroyed.

Structural cohesion in deluvial or weakly degraded
soils due to the conditions of formation of such deposits
is practically absent. Therefore, such soils on the slope
are considered unstable, and their strength is deter-
mined by cohesion. Cohesion connectivity is character-
istic of clayey soils of any consistency, together with
structural connectivity, it determines their strength. Co-
hesion of connectivity has a somewhat different char-
acter than structural cohesion. In loess sands and light
loams, cohesion is of little importance and depends on
the density of the soil.

When determining the strength characteristics of soils
on landslide and landslide-prone slopes, it is necessary
to use a specialized method of processing the results of
the soil displacement test. It would make it possible to
determine both components of adhesion. [4] (Fig. 10).
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Tangential stresses, MPa

0,1 Ll Cim 1
Deformations, mm

234

Figure 10 — Methods of determining
structural cohesion

The formation of landslide masses most often occurs
in places where the strained state of the soil massif of
the slope is close to the limit. At the same time, the
shear stresses are equal in value to the retaining
stresses. Such places on the slope are characterized by
a special geological and hydrogeological structure, dif-
ferences in physical and mechanical properties of the
same type of soil, anthropogenic influence, etc. That is,
locations are formed that are potentially the most favor-
able for the occurrence of landslide processes and phe-
nomena.

But at the same time, the slopes are in a stable state.
This happens due to the formation of a relatively bal-
anced system on the slope. The system is characterized

by a certain geological structure, stable hydrogeologi-
cal regime and stable soil properties. It consists of a sys-
tem of natural drains. Such slopes are classified as land-
slide-prone [8, 9].

Therefore, the occurrence and development of land-
slides are significantly influenced by the given param-
eters under the influence of natural or anthropogenic
factors. Changes from natural factors occur due to the
presence of basins in the geological structure. At the
same time, it is important that atmospheric and ground
water are unloaded through them. As a result of the
long-term movement of water in the basin, soils signif-
icantly lose their mechanical properties. Then the pro-
cesses of suffusion and erosion begin, creeping and
other processes develop.

In addition to natural processes, processes associated
with anthropogenic changes play a major role on the
slopes. Significant anthropogenic influence leads to
changes in the relief, the appearance of bulk soils, dis-
ruption of the hydrogeological regime, etc. This leads
to a violation of the natural balance due to changes in
the strained state of the soil massif, soil properties. The
result is the occurrence of landslide processes.

Such a violation of the existing balance of the massif
is accompanied by soil sliding down the slopes. And it
is also possible by pushing them out from under the
foundations of buildings with significant subsidence,
displacements and deformations of structures. Such
slopes pass from the category of landslide-prone to
landslide.

All factors of the occurrence and development of
landslide processes are in constant interaction and dy-
namics. At the same time, such interaction has a very
complex nature. It requires large-scale analyzes to as-
sess the stability of slopes. Such an example is re-
searching the slope in Poltava. At the bottom of this
slope, a sewage collector is laid, which is constantly de-
stroyed due to landslide processes and soaks the soil
massifs at the foot of the slope.

The modern topography of the site is stepped and
complex in structure. At the time of the research, the
slope had repeatedly undergone significant anthropo-
genic changes. A collector was built in the lower part
of the slope, and power grid supports were built in the
middle part of the slope. Engineering facilities, garage
buildings are built on a plateau that directly borders the
slope. There will be long-term dumping of soil from the
plateau on the slope without planning and compaction.

As a result of anthropogenic changes and natural fac-
tors, development occurred on the slope of landslide
processes.

They passed locally along the most favorable parts of
the slope - the basins (Fig. 11).

Groundwater discharge from the plateau to the slope
occurs locally in the form of springs and streams.
Dumped and displaced soils blocked the natural exits
of underground water to the earth's surface. As a result,
bulk deposits and upper layers of the massif of the slope
are additionally saturated with water. At the same time,
soils lose their strength properties and the load on the
slope changes.
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Figure 11 — The scheme of placement of landslide and landslide-prone areas on the slope

This leads to the occurrence of local shear processes
and phenomena.

The geological structure of the slope was assessed in
detail, and landslide and landslide-prone areas were
found.

The evaluation was carried out based on the results of
field research, the construction of longitudinal and
transverse engineering-geological sections (Fig. 12)
and the spatial calculation model (Fig. 13).

Special attention is paid to the study of the hydroge-
ological regime. The movement of groundwater, espe-
cially within basins, has a significant impact on the
physical and mechanical properties of soils on a slope.

This problem is especially relevant for loess, loess or
deluvial soils above the waterproof layer.

We can analyze the peculiarities of groundwater
movement on the site and their influence on the devel-
opment of landslide processes using the constructed
map of the groundwater surface in hydroisogypsums.
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Figure 12 — Contour of the filled basin

Slope Engineering geological wells

Well of sewer collector

Grillage

Drilling piles

New sewer route

Old sewer route

Figure 13 — Spatial calculation model

The process of occurrence of landslides on the site is
as follows: in the upper part of the slope, construction
debris is dumped uncontrollably.

The consequence is additional loading of the soil
massifs of the slope. This blocks the natural drains of
surface and ground water and additionally saturates the
landslide massifs with water.

At the bottom of the slope due to leaks from the sew-
age collector, water saturation and weakening of the
soil mass at the foot of the slope occurs. As a result, in
areas of the slope due to the imbalance of the upper part
of the slope, the displacement masses in the middle of
the slope are pushed out.

Then landslide processes develop both in the middle
and in the lower parts.

In this way, the formation of sliding surfaces takes
place, following which landslide processes take place
(Fig. 14).

The conducted research made it possible to generate
initial data for assessing the stability of the slope, taking
into account the spatial geological structure. They also
take into account the hydrogeological factor, structural
characteristics of soils and their change within the basins.

Calculations can be checked by finite element model-
ing (FEM) using an elastic-plastic soil model with the
Mohr-Coulomb strength criterion.

In the article, calculation schemes (Fig. 15) are made
for assessing slope stability and shear pressure values.
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Figure 15 — Calculation scheme of slope stability

Calculation algorithms and mathematical models of
slopes were also made.

These factors made it possible to take into account
natural and man-made loads and influences, their
change, and possible changes in soil strength character-
istics.

The degree of stability of the slope is estimated by the
value of the stability margin coefficient (k).

When k¢>1, the soil massif of the slope is considered
stable.

When kg <1, this stability is lost.

When kg =1, the state of ultimate equilibrium of the
soil mass occurs, which, as a rule, leads to the occur-
rence of a shift.

A complex for landslide events was recommended
based on the results of the slope stability assessment for
its further safe operation. The stability of the slope was
evaluated taking into account the influence of the sew-
age collector.

Table 1 — Stability assessment table

Total shear forces, kN 1246,6
Total resistance to displacement, kN 1283,2
Actual stability coefficient 1,03
Safety factor 1,25
Equivalent value of shear pressure at the | -36,6
end of the slope, kKN

Equivalent value of shear pressure at the | 220,0
end of the slope with the stability coef-

ficient 1,25, kN

Conclusions

So, according to the results of research on a natural
object within the slope of the Poltava loess plateau with
significant anthropogenic influence, it was determined.

1. The following main factors of the occurrence of
landslide processes and phenomena under the condi-
tions of the slopes of river valleys have been deter-
mined: peculiarities of the geological structure and hy-
drogeological regime of the slope; genesis and physical
and mechanical properties of massif deposits; change
of these parameters under the influence of natural or
anthropogenic factors.

2. The geological structure of the territory of Poltava
Region was analyzed. It is characterized by a wide de-
velopment of loess rocks with several horizons of fossil
soils of lower, middle and upper Quaternary age. The
peculiarity of their genesis is their formation as a result
of eolian deluvial and eluvial processes.

3. The geological structure of the slopes of river val-
leys forms a special hydrogeological regime on them.
This regime is characterized by the unloading of
groundwater in basins formed in watercourses. The for-
mation of landslides most often occurs precisely in such
places on the slope. Also, the highly deformed state of
the soil massif depends on the physical and mechanical
properties of the soil, anthropogenic influence and
other factors.

4. The peculiarities of the hydrogeological regime
and discharge of groundwater within basins on a sliding
slope are determined. The constructed map of the
groundwater surface in hydroisogypsums was made to
analyze the features of groundwater movement and
their influence on the development of landslide pro-
cesses.

5. It was determined that landslide processes on the
slope occur when the hydrogeological regime changes
and the natural exits of groundwater to the surface are
closed. At the same time, the soil massif is saturated
with water, the soil loses part of its strength, and the
load on the slope increases. This leads to the formation
of local landslide phenomena and processes.

6. The results of the research made it possible to cor-
rectly form the initial data for assessing the stability of
the slope from the standpoint of the spatial geological
structure. And also take into account the hydrogeolog-
ical factor, structural characteristics of rocks and their
changes within the basins. The obtained calculation re-
sults are confirmed by finite element modeling using an
elastic-plastic soil model with the Mohr-Coulomb
strength criterion. This approach made it possible to
fairly reliably assess natural and technogenic loads and
influences, their changes, as well as possible changes
in soil strength characteristics.

7. The results of research and assessment of the sta-
bility of the slope, taking into account the influence of
the sewage collector, were used to effectively substan-
tiate the recommendations for the design of the com-
plex of anti-slide measures for its further safe opera-
tion.
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