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SUMMARY 

Geological and geoelectrical and ground-penetrating radar studies were carried out on the 

northern slope of Starokyivska Hora in Kyiv, aside the building of the National Museum of 

the History of Ukraine. Deterministic modeling has been used to calculate the stability of the 

slope. The instability is indicated by the presence of cracks on the facade of the Museum`s 

building, the presence of puncture cracks within the slope according to the ERT results, and 

the calculated critical value of the factor of safety (FoS = 0.989) - under conditions of 

significant water saturation of the loess-like sandy loam horizon, on which the foundation of 

the Museum is actually laid. Such conditions may occur due to leakage from water supply 

and drain network of the Museum. 
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Introduction 

Geophysical methods are widely used in shallow investigation. The 2D Electrical Resistivity 

Tomography (ERT) technique and Ground Penetrating Radar (GPR) has been applied on the sloping 

area of Starokyivska Hora in Kyiv, aside the building of the National Museum of History of Ukraine 

in order to investigate both the lithostratigraphic sequences and the geometry of landslide body 

(lateral extension and thickness). Resistivity and dielectric permittivity changes due to varying 

moisture conditions, as well as differences between geological units have been expected to be 

recognized from 2D-sections. These techniques provide useful data to be used during the pre-event 

phase, thanks to its capability of identifying the sliding surfaces between the slide material and the 

underlying bedrock, and individuating high water content areas (Whiteley, 2020). 

Landslides processes on Starokyivska Hora cause great danger to the building of the National 

Museum of the History of Ukraine. Therefore, it is important to evaluate the stability of slopes within 

this site. Slope Stability analysis determines whether this slope meets the safety requirements 

regarding shear failure (Ivanik, 2015; Kaliukh, 2019). It depends on physical and mechanical 

parameters of soil, seepage through the slope, and the location of a potential slip surface. The 

Morgenstern-Price method has been used to calculate the factor of safety and predict critical slip 

surface. 

 

Materials and methods 

Starokyivska Hora is a plateau of the high right bank of the Dnieper, bounded from the east by steep 

slopes towards the Podil area, and from the north and west - towards the Kozhumyatsky ravine. The 

research area has an accumulative-denudation relief. On Starokyivska Hora the Modern time 

fortification was located directly along the edge of the plateau. There was an excavation of the shaft in 

the modern backyard of the National Museum of the History of Ukraine, conducted by V. Hvojka in 

1907-1908, when the postern (an underground passage) had been unearthed. 

Geophysical measurements were carried out twice, in conditionally dry (November 2021) and 

conditionally wet (June 2022) periods of the year. The work was aimed at identifying changes in the 

geological environment associated with potential geohazard within the existing natural and 

anthropogenic landscape. Therefore, on 3 profiles were performed the ERT measurements and GPR 

scanning using VIY-3 instrument with the operating frequency of 300 MHz. Geophysical profiles 

were georeferenced using GPS-receiver in RTK mode. An orthophotoimage was compiled based on 

the data of aerial photography from UAV (Fig. 1). 

 
Figure 1 Starokyivska Hora. Location of geophysical profiles on the orthophotoimage. The 

coordinate system is WGS84 UTM zone 36 
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The calculation of the factor of safety (FoS) for this site was carried out to find the shear failure using 

GeoStudio software (Slope/W) for a round-cylindrical sliding surface using the Morgenstern-Price 

method. The elastic-plastic model of soil behavior was used in the calculation - the Coulomb-Mohr 

criterion, which allows you to compare the calculated shear stresses with the theoretical limit values 

of the stresses. 

 

Results 

According to the ERT results on the ERT1 profile, obtained to the maximum depth of 10 m, 

geological section has a two-layer structure. Deeper 3.5 m there is a thick layer with a resistivity of 

20-80 Ohm, which can be identified with loess-like macroporous loams. Above, in the depth interval 

from 2-3.5 m to the surface, there is a relatively high resistive, heterogeneous horizon of cultural and 

modern deposits. 

Geophysical surveys performed along the ERT3 and ERT4 profiles were used to identify the landslide 

body and new puncture cracks, as well as sediment waterlogging zones within the slope. Geoelectric 

sections and radargrams obtained in two different periods of the year are very similar (Fig. 2). The 

layer of modern and cultural deposits along the ERT3 section has a thickness of up to 5 m and 

consists of two layers: the upper dry high-resistivity horizon (ρ=150-500 Ohm) and the lower stratum 

with ρ <50 Ohm. At the same time, in the upper and middle part of the slope, areas of low ρ (10-30 

Ohm) are interspersed with zones of increased ρ (50 Ohm). On radargrams, these zones of increased ρ 

correspond to zones of increased intensity of the electromagnetic signal. Since the spatial resolution of 

the GPR method is higher than that of ERT, we record more of these zones than zones of increased ρ. 

Complimentary, this can be interpreted so that at the middle part of the slope an unsaturated loam is 

cut by vertical cracks parallel to the slope (Fig. 3). The somewhat greater vertical thickness of low-

resistivity "lenses" in the dry period of the year compared to the wet one is noteworthy. Obviously, 

this can be explained by anthropogenic influence – water leakage from the Museum's communications 

and discharging within the slope. In the upper part of the slope according to the ERT3 profile, there is 

a high-resistivity object, probably the remains of a postern going down the slope.  

Geoelectrical sections along the ERT4 profile also show the presence of a 12 m wide high-resistivity 

zone within the loess-like loam horizon. The remains of a 17th-century shaft and a postern under it 

were investigated at this place by V. Hvojka. In the interval of 10-13 m on the GPR B-scan from 

November 2021, there is a zone of amplified electromagnetic signal, which probably marks the old 

excavation trench. In the “wet” period of the year, this zone looks less pronouncing. Archaeological 

excavations potentially contribute to the development of subsidence phenomena, since precipitation 

water infiltrates through refilled pits with mixed soil to deep horizons, in particular to loess-like 

macroporous subsidence loam, which lies directly under the modern and cultural layer. 

Slope stability calculations were performed for natural condition and water-saturated deposits (Fig. 3). 

Used values of geomechanical properties are shown. In general, for soils of natural moisture the FoS 

is 1,504, that means, the slope is stable under natural conditions. The FoS is well below (0,989) for 

water-saturated soils. Such situation may occur due to heavy leakage, making the slope unstable. 

Landslides can occur at any time with excessive waterlogging of the subsiding loess-like sandy loam. 

 

Conclusion 

Thus, according to the results of geophysical and geotechnical research, potential landslide hazard 

was revealed. Cracks on the walls of the museum near the drains and the soaking zone testify to the 

leakage of water from these communications, which significantly weakens the layer of loess sandy 

loams and negatively affects the stability of the slope.  

A series of puncture cracks reaching a depth of 4 m was recognized on the slope. Being filled with 

precipitation water, they reduce the strength of the soil (mostly loess deposits which composed 

predominantly of silt-sized particles) and increase lateral pressure that may cause sliding processes.  
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Figure 2 Profile ERT3. Geoelectric sections obtained in November 2021 (a) and June 2022 (b); 

radargrams obtained with the 300 MHz GPR in November 2021 (c) and June 2022 (d), respectively; 

lithological section (d): 1 – modern and cultural deposits, 2 – loess-like sandy loam, 3 – contour of 

the postern according to the geoelectrical section b, 4 – contour of the postern according to the 

geoelectrical section a, 5 – cracks  
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a) 

 

b) 

 
Figure 3 Slip surface and FoS estimated for the northern slope of Starokyivska Hora under natural 

condition of soils (a) and under conditions of water-saturated soils (b) 
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