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The Dnipro slopes require justification and development of landslide hazard boundaries
based on a risk analysis of landslide activation, considering meteorological and technogenic
factors. The weakened zones on the slope near Mykilska Brama were identified, which
allows for the specification of locations for the application of geotechnical protective
measures. These boundaries were delineated using mathematical modeling and the
determination of the safety factor for three profiles on the slope, considering natural values of
the physical and mechanical properties and in a saturated state. The calculations were
performed using the RocScience Slides 6 software package, applying the method for circular
cylindrical sliding surfaces. According to field observations, the engineering-geological
conditions of the slope are complex due to the presence of a layer of subsiding loess soils,
slope angles of 20-43°, and signs of erosion-gravitational processes, including tension cracks.
Calculations of the slope safety factor in the forecasted state, specifically under soil moisture
conditions, indicate a 10.4-22.4% decrease compared to the natural state. Distribution of the
safety factor on the slope was obtained using the "Graph SF Along Slope" and interpolation
method rather than just identifying the most hazardous slip surface. This approach provides a
broader perspective on ensuring slope stability, shifting from a linear to a planar problem.
The practical significance of the obtained results is the selection of optimal engineering
solutions to ensure the safe use of areas that may be at risk of losing equilibrium due to the
activation of gravitational processes.
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Introduction

In urban areas, the slope regions are the most appealing for construction investments, as they offer the
opportunity to create unique architectural projects set against the stunning natural landscapes of the
Dnipro River valley and the Kyiv Hills. Designing structures on slopes involves several key steps,
including preliminary stability calculations of the slope, determining safety factor values, justifying
landslide mitigation measures specific to the case, and developing construction techniques suitable for
working on sloped terrain, among other considerations. For the territory of Kyiv, these schemes were
developed by Kyivproekt (1942, 1983, 2002), Specialized Management of Landslide Prevention
Underground Works (SMLPUW) (Scheme..., 2020), and the Institute of Geological Sciences NAS of
Ukraine (Demchyshyn et al., 2001).

At the same time, there are different approaches to analyzing weakened areas of slopes. Considering
these factors can be achieved through mathematical modeling techniques and probabilistic approaches
to assess slope stability and build landslide hazard maps (Kril & Cherevko, 2023; Chuaiwate et al.,
2020, Shekhunova et al., 2020; Dahal & Dahal, 2017). The risk analysis was conducted based on the
evaluation of meteorological and geomorphological factors, utilizing remote sensing data (Filipovych
et al., 2023; Babichev et al., 2021). The parameters taken into account include susceptibility factors
(such as slope angle, lithology, soil moisture, vegetation cover, and other available factors) as well as
triggering factors (such as extreme precipitation and seismic activity).

The primary objective of this research is to determine weakened zones in the boundaries of landslide
hazard zones on the Dnipro slopes through mathematical modeling techniques. To achieve this goal,
the following tasks were carried out: collection and analysis of historical data and previous
engineering-geological studies in the area; field investigations, including observations of slope
deformation signs and borehole drilling; assessment of natural deformation factors; modeling and
stability analysis of the slope along three calculation profiles; and the formulation of
recommendations for reinforcing the slope in areas where the soil and structures actively interact.

The research was focused on a section of the Dnipro slopes near Mykilska Brama, located in the
Pechersk district of Kyiv.

Method and Theory

The research wutilized materials from engineering-geological surveys (Technical..., 2020),
engineering-geological maps. Drilling and sample collection, which provided the basis for assessing
the geological and hydrogeological conditions of the study area, were conducted with the
participation of the author, A. Streltsov. The physical-mechanical properties of the soils were
determined based on laboratory testing results in accordance with established standards DSTU B
V.2.1-22:2009, DSTU B V.2.1-9:2016, DBN V.1.1-46:2017, DSTU B-V 2.1-4-96, DSTU B-V 2.1-2-
96, DSTU B-V 2.1-8-2001.

The methods used to calculate slope stability are based on evaluating the balance between resisting
and shearing forces acting on a section of the soil (Engineering..., 2017; Demchyshyn, 1992), where
the safety factor is determined by the ratio of resisting forces or moments to shearing forces. The
analysis of how the slope safety factor changes with variations in moisture content was carried out
using the Janbu method for a circular cylindrical slip surface, implemented in the RocScience Slides 6
software (Analysis..., 2025). The stability of the slip surfaces was determined using limit equilibrium
methods based on vertical slices. This approach enables the analysis of individual slip surfaces or the
use of investigative techniques to identify the critical slip surface for a given slope.

The soils' behavior was modeled using the Mohr-Coulomb criterion. The calculated property values
for the identified engineering-geological elements were taken with a confidence probability of o =
0.95. Slope stability calculations, both in the natural (factual) and forecasted (saturated) conditions,
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were performed along profiles II-1I, ITI-I1I, and IV-1V. The differences in the physical and mechanical
properties of soils, which are modeled in a saturated state, are presented in Table 1.

Slope stability calculations near Mykilska Brama were carried out for both the factual state of the
soils and the forecasted water-saturated condition. In the latter case, the model used the physical-
mechanical properties corresponding to the water-saturated state (Forecasted state) for EGE-77, EGE-
la and EGE-4, as shown in Table 1. A standard safety factor of 1.25 was applied, in line with the
relevant regulations (Engineering..., 2017).

Table 1 Physical-mechanical characteristics of the slope soils near Mykilska Brama for forecasted
(saturated) conditions.
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The weakened zones were identified using RocScience Slides 6 software with the help of the tool
Graph SF Along Slope (Analysis..., 2025). It generates a graph of safety factor along the surface of
the slope using all valid slip surfaces. Using ArcGIS interpolation tools, the Inverse Distance
Weighting (IDW) method, the safety factor distributions for the slope were generated.

Results and Discussion

The study area is situated in the Pechersk district of Kyiv, specifically at 1 1. Mazepa Street. The
lower boundary of the slope under study is Parkova Road. Near the slope's edge stands the national
architectural monument Mykilska Brama, which is part of Kyiv's 19th-century fortification system.
The topography of the area was shaped by active erosion processes, including ravine erosion, which
occurred in the past, followed by subsequent land leveling during urban development. Field surveys
revealed signs of erosion-gravitational processes, such as planar and linear erosion, tilted trees,
referred to as the "drunken forest".

The engineering-geological conditions are complex (Technical..., 2020, Demchyshyn et al., 2001),
due to the presence of subsidence-prone soil layers, which are over 10 m thick. The slope's angle
ranges from 20° to 43°, with an average of 32-35°. The slope predominantly faces north-west. The
elevation of the ground surface within the study area varies from 168.0 m to 192.2 m. The area is
classified under the XV landslide circus according to SMLPUW classification, and excessive soil
moisture could trigger erosion-gravitational processes. Groundwater levels measured in the boreholes
range from 5.0 m to 14.5 m in depth (173.59 m to 162.35 m in the Baltic system).
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Figure 1 shows the identified weakness zones on the slope within the landslide-prone area near
Mykilska Brama. More weak zones are coloured in red, and stable areas — in dark green.
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Figure 1 Weakness zones on a slope within a landslide-prone area near of Mykilska Brama in factual
(a) forecasted condition (b).

The slope along profile II-1II is reinforced by several tiers of retaining walls, which were constructed
during the construction of the residential complex at 9a Hrushevskyi Street. These walls, along with
the building structure, bear the main shear pressure. The factor safety Kst is 1.41, which exceeds the
normative value and indicates a stable condition. In the forecasted state, Kst=1.19. This value is 4.8%
lower than the normative, but the slope remains stable.

Along profile III-III, in the factual state the safety factor is Kst = 1.47, indicating that the slope is
stable and fully meets the requirements according to the normative safety factor. In the forecasted
state, the slip surface shifts to the steepest part of the slope and passes through weak, heterogeneous
alluvial-landslide and embankment soils. The safety factor drops to Kst = 1.14, which is 8.8% lower
than the normative value, suggesting that the slope is approaching a state of limit equilibrium.

In profile IV-1V, the decrease in the safety factor is observed to be the lowest in both the factual and
forecasted conditions. Along profile IV-1V, in the factual state, the slip surface passes through
embankment soils, with a safety factor of Kst = 1.04. This value is significantly lower (by 16.8%)
than the normative value, indicating that this section of the slope is in a state of limit equilibrium. In
the forecasted state, the safety factor further decreases to Kst = 0.932, signaling a loss of stability and
the activation of shear processes within the slope.

Conclusions

The weakened zones on the slope near Mykilska Brama were identified, which allows for the
specification of locations for the application of geotechnical protective measures, as well as the
selection of their type and form. The analytical method "Graph SF Along Slope" was applied. A
distribution graph of the safety factor values along all calculation profiles was obtained, rather than
just identifying the most hazardous slip surface. Using ArcGIS interpolation tools and IDW method,
safety factor distributions for the slope were generated, focused on the weakest areas (or those with
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the lowest SF values). This approach provides a broader perspective on ensuring slope stability,
shifting from a linear to a planar problem. By analyzing the obtained results and relating them to the
depths and trajectories of theoretical slip surfaces with the lowest FS values, it is possible to clearly
identify and assess the threat of landslide processes, the nature of their mechanisms, and the volume
of displaced masses. The practical significance of the obtained results is the selection of optimal
engineering solutions to ensure the safe use of areas that may be at risk of losing equilibrium due to
the activation of gravitational processes.
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