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SUMMARY 

Site Rzhyshchiv is located in a rural area on the coast of Kaniv Reservoir in Kyiv Region and 

characterized by consecutive landslides. Geological, geophysical, remote sensing studies 

were carried out to study the main causes of landslide hazards. The complex problems for a 

certain slip surface shapes, pore-water pressure conditions, soil properties and loading 

conditions have been analyzed. Using limit equilibrium, we model heterogeneous soil types, 

complex stratigraphic and slip surface geometry, and variable pore-water pressure conditions 

using a selection of soil models. Stresses computed by a finite element stress analysis was 

used in addition to the limit equilibrium computations. This identifies potential failure 

mechanisms and derives factors of safety for a particular geotechnical situation. The results 

demonstrate that the slope is stable under natural moisture conditions (FoS=1. 5971) and 

under water-saturated soils (FoS=1. 4098).  
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Introduction 

 
As a result of a complex of geological, geophysical, remote sensing and geotechnical research for the 
monitoring of landslide processes it was established that the cause of significant deformations of the 

slopes of the study area are the weak zones and water-saturated soils at the base of the slope. Similar 
zones can be formed due to changes in the soil properties, hydrogeological regime and man-made 
loads on slopes (Ivanik et al., 2020). The issues of slopes stability analysis and assessing the landslide 
hazards for different structures and soil properties have been described in numerous works of national 
researchers: (Trofymchuk, 2022), (Ivanik, 2011), (Kaliukh, 2013) and others. 
 
Materials and methods 

 

Rzhyshchiv area is the site for the prediction of landslide hazard at the large scale. Zones of landslide 
processes formation are confined to the specific geological conditions and physical and mechanical 
properties of rocks. Rzhyshchiv is located in a rural area (Kyiv region) and characterized by active 
landslide processes within the whole coast of Kaniv reservoir. Over 26 landslides were recorded in 
this area. All structural landslides are currently temporarily stabilized and divided into following types 
(Fig. 1): (i) the upper part of the slope - subsidence landslides, confined to loess and loess-like 
deposits, accompanied by subsidence processes; (ii) the middle part of the slope - rotational 

landslides, secondary displacement occur due to the sliding loess deposits of the plateau along the 
layer of brown and mottled clays; (iii) the lower part of the slope - sliding of previously replaced soils 
on the moistened surface of the marl deposits of the Kyiv Suite (Paleogene). 
 

 
Figure 1 Site overview, Rzhyshchiv, Kyiv region, Ukraine  
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The geological section represents by the Paleogene deposits (Eocene-Oligocene sands), the Neogene 
deposits (sands of Poltavska series), and Quaternary deposits which are composed by loess sands and 
loams soil. The lower part of the section is represented by spondylar loams and marls of the Kyiv 
Suite. The physical and mechanical properties of engineering-geological elements (EGE) are 

presented in the table 1. The hydrogeological conditions of this site are characterized by the presence 
of the aquifer, which is confined to sandy-clay soils: EGE 2, 3, 4, 5 (Tabl. 1).  
 
Table 1 Physical and mechanical properties (input data) 

Name 
Сohesion, 

(kPа) 
Phi, 
(˚) 

Effective Elastic 
Modulus, (kPa) 

Unit 

Weight, 
(kN,m3) 

Effective 

Poisson's 
Ratio 

EGE -1 Bulk layer - - - 14,71 - 

EGE 2 - Plastic sandy loam 
22 
16 

22 
19 

22000 
7000 

15,69 
18,73 

0,30 

EGE 3 - Loess loam 
18 

11 

19 

17 

14000 

7000 

17,46 

19,22 
0,32 

EGE 4 - Soft-plastic Loam 
25 
20 

23 
18 

17000 
12000 

17,16 
19,42 

0,35 

EGE 5 - Sandy loam 12  24 
12000 
9000 

18,14 
19,52 

0,32 

EGE 6 - Soft-plastic loam 23  21 8000 18,34 0,35 

EGE 7 - Water‐saturated sand 1  30 25000 19,42 0,30 

EGE 8 - Plastic Loam 24  20 15000 18,73 0,35 

EGE 9 - Marl 58  15 11000 18,53 0,38 

EGE 9а - Fractured Marl 8,9  29,2 20000 18,04 0,42 

EGE 10 - Sand 2  32 26000 19,71 0,30 
* in the numerator data for soils of natural moisture, in the denominator – of water-saturated soils 

 

We analyze complex problems for a certain slip surface shapes, pore-water pressure conditions, soil 
properties and loading conditions. Using limit equilibrium, we model heterogeneous soil types, 
complex stratigraphic and slip surface geometry, and variable pore-water pressure conditions using a 

selection of soil models. Stresses computed by a finite element stress analysis was used in addition to 
the limit equilibrium computations. The limit equilibrium method identifies potential failure 
mechanisms and derives factors of safety for a particular geotechnical situation. For the stability 
analysis in SLOPE/W the Mohr-Coulomb strength model was used. Cohesion and effective friction 
angle were used as the effective strength parameters (Tabl. 1). For Load/Deformation method in 
Sigma/W, the Mohr – Coulomb model included the following parameters: Cohesion, Unit Weight, 
Young's modulus, Poisson's ratio, Internal friction angle (Tabl. 1). 

 
Results 

 

The calculation of the factor of safety (FoS) was performed by the Morgenstern-Price method of 
round-cylindrical sliding surfaces for soils with the natural moisture and in water-saturated conditions. 
The following minimum FoS were obtained: 1.5971- for soils of natural moisture (Fig. 2a), 1.4098 - 
for water saturated soils (Fig. 3a). 
Also, the stress-strain state of this slope from the own loading was determined.  The software 

Sigma/W (Geo-Studio 2020) has been applied for this calculations. On Fig. 2b and 3b the the stress 
distribution for soils of natural moisture state and for water saturated soils are shown respectively. 
The failure isolinies distribution has similar outlines with stress isolines: the failure is mainly 
concentrated in the area of the water-saturated soil (EGE 2-5). 
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a) 

b) 
Figure 2 a) Critical slip surface and FoS of 1.5971 computed by SLOPE/W analysis (a) and stresses 

distribution (b) computed by SIGMA/W for the slope with under natural condition of soils 
 

Conclusion 

 

In summary, our modeling revealed that the FoS obtained by a limit equilibrium stability analysis in 
SLOPE/W has given an opportunity to provide a reliable assessment of landslide hazards. Thus, 
according to the results for this site, the slope is stable under natural moisture conditions and under 

conditions of water-saturated soils. In the natural conditions, the isolinies of deformations (failure) 
have a maximum of values due to significant deformations within the zones of water-saturated soil. 
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a) 

b) 

Figure 3 Critical slip surface and FoS of 1.4098 computed by SLOPE/W analysis (a) and stresses 
distribution (b) computed by SIGMA/W for the slope with under conditions of water-saturated soils 
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