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The article considers the landslide process on the slope section in Dniprovsky Uzviz Street
and Askold's Mohyla, Kyiv. This landslide occurred due to waterlogging of diluvial soils.
This landslide can be considered as a rheological process in terms of development mechanics.
The authors in this work focused on the issue of studying the process of stabilization of the
landslide body. During the landslide process, the physical and mechanical characteristics of
the soils changed in the landslide body: a decrease in density, an increase in humidity,
strength, etc. The authors noticed at the study site that smaller landslide processes appear on
the landslide body, which occur in stages with a decrease in scale until the moment of
attenuation. These smaller landslide processes are landslide flows or a rheological process.
The authors used the method of solving the Bingham-Shvedov and Maslov models to
determine the characteristics of such landslides. The obtained calculation results - the
thickness of the landslide mass and the speed of its movement compared to the real
monitoring of this landslide - almost coincided. This result makes it possible to say that
Maslov's method is effective. The authors also determined that the mass of landslide rocks is
not enough to create a danger to people and the city's infrastructure. However, this landslide
creates new geomorphological conditions that may later cause the development of larger
landslides or mudflows on the studied slope. It is recommended to conduct constant
monitoring of the slope on Dniprovsky Uzviz Street and Askold's Mohyla.
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Introduction

Landslides are a complex geological process that deserves the attention of geological engineers,
especially when they are widespread in densely populated cities like Kyiv. Due to their
unpredictability and scale of impact, they can have catastrophic consequences for the safety of
people's lives and can also destroy the city's infrastructure. Despite the fact that landslides have been
studied and researched for a long time and many methods of modeling the development of this
process have been worked out, which could help to actively combat them, landslides still occur. The
reasons for their development are not only the peculiarities of geological structure, climatic and
geomorphological factors, but also the anthropogenic impact. That is why every slope is potentially
landslide-prone. Based on various studies of slopes, it is impossible to find a single universal method
in the study or research of landslide processes, because each slope has its own uniqueness due to its
naturalness (Ivanik et al., 2020; Strom, 2013; S. A. Tarikhazer, 2020). In order to study a landslide,
not only an individual approach is required, but also a number of methods are needed to help prevent
the occurrence of landslide processes, or to help stop the development and deal with their
consequences.

This article will discuss the process of stabilization of the landslide body after the active phase of the
landslide process is over. A striking example is the slope near Dniprovsky Uzviz and Askoldova
Mohyla Street in Kyiv, where a landslide occurred in the spring of 2024 (Figure 1) (Lysenko O. &
Shevchenko S., 2024). The purpose of the research was to analyze the physical and mechanical
properties of the newly formed sediments and other processes that continue to occur on the body of
the landslide, which had previously been stabilized. We can consider these processes as a rheological
process. The manifestation of this process on the landslide body is caused by the fact that soils
striving for equilibrium continue to move slowly, which is similar to the movement of a viscous
substance.

2

Figure 1 Landslide in Dniprovsky Uzviz Street and Askold's Mohyla, Kyiv.

Method and Theory

Rheological processes occur when the sliding masses of soil are significantly moistened. This is most
pronounced when they are waterlogged W — W¢. In general, a prerequisite for the development of
this process is the loosening of landslide deposits. The most characteristic feature of the studied
process is that the entire mass of waterlogged, loosened sliding rock participates in the movement of
the landslide, however, its speed depends on the depth (Jeong et al., 2024; Ray et al., 2022). In this
case, the landslide mass can move off the slope regardless of the selected surface of rupture and even
if the overall stability of the landslide body is ensured.

The purpose of these landslides is that the waterlogged mass of soil can break away from the general
massif in the form of a viscous current. The calculated sliding mass can be described by two criteria:
the depth of entrapment (the volume of the shear body) and the speed of movement. The solution to
such problems is mathematically based on the classical models of Bingham-Svedov, Newton, and
Maxwell. For solving Bingham-Svedov problems, which are adapted to engineering and geological
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problems and are related to landslides, we can use Maslov (Reva Maksym et al., 2024). The depth of
entrapment of the sliding mass (D) and its velocity (vo) can be determined by the following
dependencies:
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In these, n — viscosity, c. — cohesion intercept of structure, ¢sat — angle of friction saturated soil, ysar —
total unit weigh tsaturated soil, H — thickness of sediments in which the rheological process can
develop, a — angle of natural inclination.

Examples

A typical manifestation of a rheological process is the occurrence and development of a shear process
in the area under study. The reason for the occurrence (February 2024) of this landslide is the
geomorphological features and the soils that have been subjected to this process. The decisive cause
of the Eandslide in th1§ area was vslr/a‘_terlorgging dup _to excessive precigitation (Figure 1,2).
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Figure 2 Landslide ﬂos is rheological processes in Diprovsky Uzviz Street and Askold's Mohyla,
Kyiv.

It is not rational to study this shift because it has already taken place. Here, the main body, which was
temporarily stopped, becomes especially important. Although this slope had already been subject to
anti-landslide measures, namely, it was secured with retaining walls. During the landslide process, the
mass of soil that makes up the landslide body itself undergoes a change in physical and mechanical
properties, which triggers the knock-on effect. At first the soil becomes loosened, which leads to its
greater water capacity, and also increases its total unit weight (y), while the angle of friction ¢
(¢—dsar) and cohesion intercept C decrease. Cohesion intercept is limited by cohesion intercept of
structure (c—-cc). All this creates new prerequisites for the development of a rheological process in the
mass of soil that has slipped (Figure 3). A rheological landslide can be described as occurring in
several stages: first, a large mass of soil is torn away at high speeds, followed by a smaller mass at
lower speeds, and this continues until it dies down. Researchers often neglect the dangers in the
transition between these stages.

If we consider the example of a large mass of soil sliding down at high speeds, the main focus of
researchers is on stabilizing the slope, i.e. stopping the development of an active landslide process up
the slope. The sliding landslide body is no longer of particular concern, as researchers believe it has
stabilized. In the example under consideration, this can be seen quite clearly (Figure 3), but the
transition to the next stage of landslide development is already underway - it develops in the lower
part of the slope and thus poses a danger to transport artery is Naberezhne hwy in Kyiv.
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Figure 3 The second stage of eolgical sh

The reason for the further development of the landslide process, as noted earlier, is soil de-
compaction, which means that the natural moisture capacity increases and, as a result, the natural
moisture content has a smaller gap with the moisture content at the yield point (W— Wy). This is a
prerequisite for the development of landslide flows (rheological process), and in case of excessive
precipitation, a mudflow may even occur. The main objective of this study was to determine the
power of the new landslide mass and its velocity in the main body. The calculations were made
according to the above methodology, based on the results of research and slope estimates from
February 2024 to February 2025. Figure 4 (a) - before the landslide process, and Figure 4 (b) - after
the landslide process. These schemes show that the landslide masses are soil Ne30. The schemes show
that the volume of landslide soil is evenly distributed down the slope with an average thickness of 1,2
meters. The design parameters were taken from the constructed schemes (Figure 4) and the results of
laboratory soil tests (Table 1).

Figure 4 Scheme of the engineering cross-section of the slope; a - before the landslide process, b -
after the landslide process (Lysenko & Shevchenko, 2024).

Table 1 Parameters of the landslide-prone slope area.

Total unit . Cohesion .
Ca.lculated weight Angle of f rzctzp " intercept of | Slope angle So.ll layer Viscosity
soil layer, . saturated soil, thickness 5
ITE (in Ua) tsaturated soil bour, degree structure, a, degree. H m n, kgf*s/cm
Psat, KH/m? ’ C., kPa ’
30 19,12 14 2 20 1,2 2,7*104

The obtained results demonstrate that under such conditions, rheological flow can develop in a
landslide massif up to a thickness of D = 0,97 m, with a total thickness of sediments H = 1,2 m. The
speed of movement down the slope will be v¢=0,009 m/day. The study also found that the volume of
soil involved in the landslide is evenly distributed down the slope and does not pose a hazard.
However, the process itself changes the geomorphic conditions of the slope and creates a cut for
collecting surface water. In other words, during intense precipitation, rainwater can collect here,
which will overwet the soil and move rapidly down the slope. This can lead to the development of
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landslide processes in the soils below the one under investigation (calculated soil layer Ne30), as well
as to the occurrence of mudflows (Ghezzehei & Or, 2000; Jeong et al., 2024; Nikeghbali et al., 2024;
Ray et al., 2022).

Conclusions

The results of the study show that the slopes where the landslide occurred and the mass of landslide
soil that was conditionally stabilized may continue to pose a danger. Such objects need to be
constantly monitored and investigated.

The investigated calculation methodology, compared to the results of field studies, is almost
consistent with reality, which emphasizes its practicality According to the results of the study, it was
found that the shear strength of the sinkhole will be D = 0,97 m at a speed of v¢=0,009 m/day. On this
slope, the volume of soil that can undergo a rheological process is not sufficient to create a hazard.
However, the very development of the rheological process creates preconditions for the emergence of
larger landslides and mudflows.
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