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Stability and technogenic safety of hydraulic-fill dams and filled-up soil embankments, used as geotechnical
waterworks, represent an important scientific and applied concern.

Purpose. Investigating the stability of selected areas at the bottom slope of the hydraulic-fill soil dam of Sered-
niodniprovska hydroelectric power station and filled-up embankment for the Dnipro river bank protection. Research
tasks include numerical simulation of geomechanical processes that take place in the dam body at the selected points
from PK14 to PK16; revealing causes of funnel-shape subsidence areas on the dam slope surface; validation of the
design procedure for soils slopes stability for assessment of the slope stability and soil dams assessment for justification
of the Dnipro river bank protective measures.

Methodology. The paper utilizes a complex approach with the application of theoretical generalization of the laws of
slope stability in hydraulic structures as well as numerical simulation of geomechanical processes in hydraulic-fill dams
and filled-up soil embankments via Phase 2 finite element analysis software using Mohr-Coulomb failure criterion.

Findings. Modeling of geomechanical processes that occur in the soil body of the bottom slope of the fill dam of
Seredniodniprovska hydroelectric power station is carried out. The calculation of the fill-up embankment slopes sta-
bility for river bank protection on the territory of the Dnipro is carried out.

Originality. The causes of the formation of funnel-shaped holes and piping phenomena on the surface of the de-
formed slope of the hydraulic-fill dam are determined. The regularities of change in the stability of slopes of fill-up
embankments with a change in the height of the structure and slopes geometry are established.

Practical value. Lies in a reliable assessment of slope stability and safety of hydraulic-fill dams and fill-up embank-
ments and the forecast of landslide-dangerous processes taking into consideration geometry and physical-mechanical
properties of soil massif.

Keywords: slope stability, hydraulic-fill dam, fill-up embankment, safety factor, Mohr-Coulomb failure criterion

Introduction. Stability of hydraulic-fill and fill-up soil
massifs serving as hydraulic engineering, protective and
other engineering structures is always considered in the
context of technogenic safety and potential emergency
of catastrophic situations.

The hydraulic-fill dams and filled-up soil embank-
ments as well as other protective geotechnical structures
carry hidden potential risks of technogenic hazards from
the very beginning of their exploitation. Thus, techno-
genic risks are associated with catastrophic bursting in
dams and flooding of territories, and consequences as-
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sociated with large-scale geodynamic processes in the
form of landslides and geomorphological devastations of
the landscape.

Therefore, the calculation of the stability of slopes of
dams and dams of hydraulic structures using modern
methods of numerical modeling is a tool for assessing
technogenic safety.

Analysis of recent research and the objective of the ar-
ticle. Stability of man-made slopes of hydraulic-fill
dams and filled-up soil embankments is conditioned by
geometric parameters, rock strength properties, fractur-
ing and stratification of the massif, groundwater regime
and other factors.
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One of the main causes of landslides and other types
of deformations of slopes is the filtration of groundwa-
ter. Its influence is reduced to a change in the mechani-
cal properties of rocks, change in the geomechanical
state of the rock massif near the slopes, and the develop-
ment of piping processes of soil particles removal.

Scientific works of many scientists in the field of geo-
technics and foundation engineering by M. N. Goldstein,
A.A.Tsarkov, I.1. Cherkasov, L. K. Ginzburg, V. B. Shvets,
V.A.Mironenko, V. M. Shestakov, V. G. Shapoval, N. A. Tsy-
tovich, T. K. Artemenko, S.A. Bychkov, N.A. Maksimo-
va-Guliaeva and others dedicated to the prediction of
landslide-dangerous situations in geotechnical systems,
indicate the relevance and importance of the mentioned
problem.

This paper deals with the case study of the stability of
the bottom slope of the fill dam of Seredniodniprovska
hydroelectric power station and the fill-up embankment
slopes stability for river bank protection on the territory
of Dnipro city.

The objective of the study is to investigate the rela-
tionship between the stability parameters of hydraulic-
fill dams and fill-up embankments with the soil physical
and mechanical properties, geometric parameters of
these structures, watering conditions and external loads.

The paper includes the following tasks:

1. To carry out numerical simulation of geomechani-
cal processes which take place in the soil layer of the bot-
tom slope of the dam body at the selected points from
PK14 to PK16 using the finite element analysis software
Phase2.

2. To determine the reasons that have caused ap-
pearance of the failure holes on the slope surface, and
assess the stability of the hydraulic dam by the given
geometric parameters and soil physical properties and
relevant hydrological processes.

3. To carry out an assessment of the bank reinforce-
ment dam stability with the application of an improved
methodology for calculating stability of filled-up soil
embankments slopes for subsequent implementation in
the project of Dnipro city coastline protection.

Stability of the bottom slope of the fill dam of Sered-
niodniprovska hydroelectric power station. The dam em-
bankment of Seredniodniprovska hydroelectric power
station (Fig. 1) is a part of the cascade of hydrotechnical
structures situated along the Dnipro River. It serves
both for making water head in upstream side and trans-
portation via three railway lines on the dam top. Struc-
turally, the dam consists of alluvial silt soils. Back of the
dam is covered by concrete slabs with dimensions of
6.0%3.0%0.45 m for anti-filtration purposes.

As a result of long-continued time of dam exploita-
tion and river wave dynamic impact essential deforma-
tions of concrete pavement in certain sites of the dam
upper slope have been observed.

The joints between slabs become open to water fil-
tration. Visual inspection and vibroacoustic diagnos-
tics have revealed existence of voids under the concrete
pavement and fractures with slab deformations in some
sites of the right-bank dam. Average size of fractures
covers the range from a few millimeters to a few centi-
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meters. In whole, these factors decrease durability of
the dam concrete pavement and facilitate unfavorable
hydrological conditions resulting in slope deforma-
tions on the downstream side. The stability of slopes in
some sites along the right-bank embankment is dis-
turbed because of seepage processes inside the dam
body.

There are two possible explanations regarding the
nature of hydrological and geomechanical processes
that cause slope instability. The first assumption is that
the seepage process is followed by washing-out (piping)
of soil and sand fine particles that weakens geomechani-
cal skeleton and causes funnel-shaped subsidence areas
down the slope and along the embankment with average
diameter of 0.6—2.0 m (Fig. 2). According to another
assumption the emergence of subsidence areas on the
slope surface is bound with intensive seepage between
two soil layers: silt loams of embankment body and silty
clay loams in the foot of dam. In 2010, the site investiga-
tions (Usachenko, Shashenko, Kovrov, 2010) that were
carried out for the dam stability assessment revealed the
presence of local geomechanical deformations. There-
fore, this work is aimed at validation of calculations and
generalization of information on the stability of filled-
up and alluvial massifs.

To simulate the stability of natural and technogenic
slopes of hydraulic structures, a specialized geotechnical
FEM software Phase 2 was used. This 2D finite element
program for soil and rock applications can be used for a
wide range of engineering projects and includes excava-
tion design, slope stability, groundwater seepage, proba-
bilistic analysis, consolidation, and dynamic analysis
capabilities. The program allows calculating slope sta-
bility analyzing the process of decreasing the Shear
Strength Reduction in the rock or soil massif. The Shear
Strength Reduction feature in Phase 2 allows automati-
cally calculating the Strength Reduction Factor (SRF)
for the selected model, which is equivalent in its mean-
ing to the slope stability safety factor [1].

The algorithm for calculating the safety factor in-
cludes iterative calculation of strength characteristics in
all elements of the soil massif by means of a stepwise
loading of the model. As a result, the stresses in the
slope reach the ultimate shear strength and a landslide
occurs. The process of PCR calculations is repeated un-
til the moment of loss by the slope of the steady state and
it is graphically expressed as the most probable slip sur-
face along which the array moves. If the SRF>1, then
the slope is in a stable state, and at the SRF<1 landslide
processes take place.

The geometric parameters of the dam profile are
plotted in the Phase 2 interface (Fig. 3). The geometric
model of the slope is divided into finite elements with
assignment of specific soil mass physical-mechanical
properties (Table 1) [1].

The physical-mechanical properties of the soils that
form the dam body were assigned according to the field
study data obtained from PJSC Ukrhydroproject (Uk-
raine).

According to the input data and taking into account
Mohr-Coulomb failure criterion, the most important
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factors that determine the stability of the right-bank
dam are the soil weight, cohesion and angle of internal
friction.

According to design data the soil weight is assumed
tobe 1.6 t/m?>. At the same time, the density of sand par-
ticles, which is a mechanical skeleton, is 2.65 t/m?, and
the density of soil particles varies in the range of 1.55—
2.12 t/m?, depending on the granulometric composition
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Fig. 1. The dam embankment of Seredniodniprovska
hydroelectric power station (Source: Google Map)

of the sand fractions and the content of clay particles in
the soil.

According to physical and mechanical characteris-
tics, the soils that make up the body of the dam can be
attributed to silted loams or to silted alluvial sands, for
which the cohesion varies in the range of 14—20 kPa,
and the angle of internal friction is 15—32°, with average
value of 23° (V. A. Mironenko, V. M. Shestakov).

Funnel-shaped
subsidence holes

Fig. 2. Funnel-shaped subsidence areas on the down-
stream embankment slope
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Fig. 3. Geometric profile of the hydraulic-fill dam (m)
Table 1
Geomechanical properties of the hydraulic-fill dam soil layers
Parameters Units Soil layers
Silt loam Silty clay loam Silty clay
Unit weight kN/m? 16.5 17.0 27.0
Poison’s ratio dimensionless 0.35 0.35 0.4
Deformation modulus kN/m? 20000 20000 20000
Tensile strength kN/m? 35.0 50.0 78.0
Friction angle degrees 24 28 35
Cohesion kN/m? 21.5 36.0 72.0
ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2017, N2 6 117
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The results of numerical simulation of geomechani-
cal processes in the dam body show that the slope is
stable as a whole and SRF = 3.6 (Fig. 4).

Fig. 4 shows the instability processes in the dam
body with the appearance of excessive tensile stress
zones. Thus, the maximum horizontal displacements in
the investigated slope section are observed within the
distance of 15.3 m down the slope, which corresponds to
the actual subsidence sites on the slope surface. These
subsidence zones were identified and examined by the
staff of the Institute of Geotechnical Mechanics of the
National Academy of Sciences of Ukraine. The revealed
deformations of the surface are caused by a rise in the
level of the depression curve, which causes softening of
the underlying soils and a weakening of their strength
properties.

In turn, the long-term growth of horizontal tensile
stress causes vertical displacements in the upper part of
the slope, thereby creating a threat of the initiation of
landslide processes.

Thus the possible occurrence of a slip surface in the
slope is caused by the appearance of areas of increasing
horizontal soil displacements in the central part of the
slope due to decrease in the strength properties of the
underlying soils, as well as at the upper hypsometric
level +69.55 m due to increasing excessive horizontal
and vertical tensile stresses directed from the slope toe
upwards facilitate internal instability.

The zones with the most intense stresses identify the
area of the probable displacement line in the slope,
which, under given conditions, initiates a shift in the soil
massif. The displacement line starts at some distance
from the upper edge of the slope and leaves at a distance
of 4.0 = 0.5 m from the toe.

Groundwater flow is the most important factor in
slope stability. Groundwater can affect slope stability by
reducing strength, changing the bulk density and the
mineral constituents content through chemical altera-
tion and solution effects, generating pore pressure and
erosion processes. Modeling hydrological parameters
allowed determining filtration coefficients, direction of
filtration vectors and location of the depression curve.

Fig. 5 shows total discharge velocity that decreases
slightly from 2.25¢”7 to 1.05e¢”” m/s at the upstream and
downstream slopes respectively. Flow vectors are indic-
ative of the zones of the most intensive water streams.

The water flow depends on the hydraulic properties
of the soil layers. The saturated permeability values for
silt loams (K, = 1.25¢°® m/s) and silty clay loams (K; =
=1.95¢”7 m/s) differ significantly. The difference be-
tween inflow rate at the upper layer of the dam embank-
ment and insufficient permeability of the silty clay loams
cause the rising of groundwater level. Such changes of
water table because of geological features and hydraulic
properties as well as seasonal variations of discharge ve-
locity can presumably impact slope stability at the
downstream area.

As presented in Fig. 5, the water table (or phreatic
surface) divides upper soil layer of the embankment dam
into zones of positive and negative pore pressures. The
dividing line is the groundwater table where the pressure
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is equal to atmospheric pressure. Below the groundwater
table, the soil is fully saturated, and the pore pressure is
above atmospheric pressure and positive in value — pos-
itive pore pressure. Above the groundwater table where
the soil is unsaturated, the pore pressure is below atmo-
spheric pressure and hence is negative in value — nega-
tive pore pressure (soil suction). Any changes in these
pore pressures cause reduction of soil shear strength pa-
rameters and therefore have a tremendous effect on the
slope stability.

The piezometric line obtained from field measure-
ment goes down the slope above the calculated in
Phase 2 water table and crossing it in the point of drain-
age pipe. Further phreatic line and piezometric line
change positions and the water table falls down to the
right side of the model.

Discharge sections as a user-defined feature that
shows the steady state and volumetric flow rate, normal
to the line segments to be calculated during a groundwa-
ter seepage analysis. The flow rate changes from 9.97¢”’
to 7.45¢”7 m3/s at the upstream and downstream slope
respectively.

A more detailed study of the hydraulic gradient in
the dam body makes it possible to identify characteristic
areas of excessive hydraulic head that are located be-
tween the depression curve and the slope surface and
have the form of hemispheres (Fig. 6). Their average
sizes vary in the range of 3—4 m, and the values of the
hydraulic gradient at these points are comparable with
those in the upstream level.

It is noteworthy that the location of the three regions of
the high hydraulic gradient above the mark of the new tu-
bular drainage practically coincides with the position of
three subsidence areas in the considered slope section.

As can be seen from Fig. 6, the zones of the increased
hydraulic gradient alternate with the zones of a lower
gradient. It explains the occurrence of separate funnel-
shape subsidence holes without continuous slip surface.
According to one version of the authors, the cause of
these areas is the infiltration of atmospheric precipita-
tion and surface runoff.

Scientific results. Analyzing the results of modeling
and comparing them with the field studies, it is obvious
that mechanical piping occurs in the dam body. Remov-
al of soil small particles through the pores of a coarse-
grained skeleton can either be insignificant or lead to the
destruction of the soil structure failure. The degree of
piping development for a given soil massif is determined
primarily by its heterogeneity and the filtration gradient.
Thus, high filtration gradients that cause progressive
piping can occur near the bottom slopes of the earth
dams or in the areas of the dam base in the downstream.
In the latter case, the risk of the dam stability may rep-
resent even a limited piping that leads to a decrease in
the shear resistance for the rocks of the lower slope. Also
it results in an increase in the base rocks compressibility
followed by an irregular dam draft.

There is also an assumption that in weakly cemented
rocks of the dam slopes, fracturing develops, as a result
of which filtration erosion and removal of particles along
the cracks occur. This process is of an erosive nature,
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Fig. 6. Total hydraulic gradient in the dam body
and similar to some extent, to the erosion of the channel The influence of underground and surface waters on
by an open flow. Under certain conditions, it can lead to the strength of water-saturated clay rocks of hydraulic
the formation of underground cavities and failure fun- structures is revealed mainly in the process of their
nels, the so-called “sandy karst”, which actually takes swelling. In clays with a hardening cohesion, these pro-
place. cesses develop only when the swelling force exceeds the

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2017, N2 6 119




EKONNOTIYHA BE3NEKA, OXOPOHA NPALI

strength of the rigid structural bonds caused by cement-
ing compounds. Soft bonded rocks are characterized by
plastic deformations, relatively low strength and high
compressibility, low permeability and high moisture ca-
pacity. All these properties are explained, first of all, by
the presence of clay minerals in significant volumes rep-
resented by particles smaller than 0.001—0.002 mm. The
huge specific surface area of such fine-dispersed systems
leads to the development of internal forces of interaction
between particles of a very special water-colloid type.

At the same time, the swelling process proceeds most
intensively along cracks and especially bedding planes:
intensive swelling often occurs only at the contacts of a
clayey bed with aquifers and rapidly damps away from
these contacts. One of the reasons for this phenomenon
is that in many cases, especially in dense clays with hard-
ening cohesion, the contact zone of the clay layer is dis-
rupted by numerous micro-cracks along which the water
enters the soil. Due to swelling phenomena, the contact
zone of the clay layer often appears in the plastic state,
which is one of the reasons for the occurrence of “con-
tact landslides™.

Clayey rocks and soils, corresponding to sandy loams
and light loams in granular composition, undergo inten-
sive swelling only near the surface of the filtering slopes
because of small values of the maximum swelling stress.
The process of swelling in such rocks on the slopes sur-
face usually results in their complete loss of connectivi-
ty, and transformation into a fluid state, which leads to
the shifting of swollen rocks by layers of 15—20 cm even
at gentle slope angles (18—20 °).

In view of the fact that the swelling is associated with
the filtration of water through clay rocks, its velocity de-
pends on the filtration properties of the rocks: it flows in
sandy and silty clays the most rapidly while in fatty
clays — the most slowly. The swelling rate will increase
with increasing gradients of water filtration through the
layer of swollen clays. Therefore, in particular, the swell-
ing is very intense when water flows down the surface of
the slope of clay rocks, if previously all the water in them
was in a capillary-tension state. Under the influence of
surface waters, the capillary forces disappear, and the
filtration of these waters into clays starts under a large
gradient. As the liquid moves, the moisture of the clays
increases, the gradient drops and, in the end, the filtra-
tion almost completely damps.

Swelling of clay rocks is enhanced when the tangen-
tial stress approaches to limiting values. In clayey rocks
lying above the groundwater level, additional moisten-
ing always leads to deterioration in strength properties
due to an increase in thickness of the hydrated shells,
swelling and dissolution of the cementing compounds.

In clayey rocks with hardening cohesion, natural wa-
ters can cause dissolution or leaching of cement com-
pounds. Such processes are the most characteristic for
gypsum, carbonated and saline rocks (loess-like loams,
marl clays, etc.) confined to the aeration zone when they
experience additional moistening (for example, techni-
cal waters). Since in the construction of engineering
structures, the rates of groundwater filtration often
abruptly increase and water is desalinated due to recharge
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from surface water reservoirs. Then dissolution and leach-
ing of cement compounds is possible in rocks with hard-
ening cohesion. These circumstances are particularly im-
portant to consider when designing and assessing stabil-
ity of hydraulic-fill dams.

Slope stability of the fill-up embankment for river bank
protection in Dnipro city. Slope stability problem also
occurs in the coastal areas of Dnipro city where the in-
fluence of the Dnipro River in the vicinity of coastline
area can be quite dangerous. This fact causes a necessity
to study the stability of embankment dam for design
work on strengthening the coastline. Thus the purpose
of the given investigation is the estimation of embank-
ment dam stability using an improved methodology of
slope stability calculation.

The object of this case study is a soil-fill dam for
strengthening the coastline that is situated along the 9-B
Naberezhna Peremohy Street in Dnipro city.

In accordance with the requirements of SNIP
2.06.05-84 “Earth dams” slope stability calculation of
earth dams should be performed using circular cylindri-
cal shear surfaces. The sustainability criteria and equa-
tion for slope stability coefficient k; is the condition

k= Role )

F Y,
where F, R are calculated values of shear forces and mo-
ments of ultimate resistance or moments of forces tend-
ing to turn (to overturn) and retain building respectively;
v, = 1.1 is the load safety factor; y, = 0.95 is the coeffi-
cient of working conditions [2].

According to the equation (1) the calculation of the
dam lower slope stability was carried out on the basis of
the hypothesis of the circular cylindrical sliding surface
using standard and advanced methods. The first method
was carried out using Electronic Manual of Engineer
“ESPRI” software the safety factor was obtained as
2.299 (Fig. 7).

An improved approach is based on involving design
soil characteristics and methods of mathematical statis-
tics. The first step was to determine the appointment of
the curvature center of the sliding surface using of the
Electronic Manual of Engineer (Fig. 7). The values of

. Slope stability
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Fig. 7. The program window of Electronic Manual of
Engineer “ESPRI” Software
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the working length of the distributed load L, and radius
R of the dam sliding surface were determined. The dam
has the following soil characteristics: volume weight of
the soil y = 1.8 tf/m?; internal friction angle ¢ = 43°; unit
cohesion ¢, = 0.01 tf/m?; limiting compressive stress
R. =200 tf /m?; loading safety factor is 1.0. According to
DBN V.2.1-10—2009 “Foundations structures” the in-
ternal friction angle ¢, = 43° for gravel and large sands
with a porosity P =45 %.

The geometrical parameters of the dam slope: height
H =2 m; the slope angle oo = 38°; the width of the upper
base @, = 1 m; the width of the lower base a, = 6.10 m.
The values of both L, = 0 and L, = 0 were obtained. The
radius of the hazardous sliding surface R = 3.08 m. Then
shape of the collapse curve was obtained using the ob-
tained radius on design scheme (Fig. 8). Sliding wedge is
formed by the area between this arc and the lower slope.
According to calculations by circular cylindrical sliding
surface method the area bounded by the shearing curve
and external dam contours (sliding wedge) is divided by
vertical lines into sections of width b, defining the angle
of inclination o; and volume V; of each sector. The value
of b was equal to 0.1 R =0.308 m in the calculation.

Soil characteristics and the external load should be
calculated to ensure the most unfavorable base working
conditions in accordance with normative documents.

Therefore, the design loads and soil characteristics
are determined by the formulas:

- if the characteristic is a part of the shearing forces

X, =X(1+p);
- if the characteristic is a part of the retaining forces
X, = X" (1=p),
where X, is design characteristic of soil; X" is normative

soil characteristic; (lip) 1 is the inverse value of
Ve

the ground safety ratio (or overload ratio for determin-
ing the unit weight of soil and external loads); p is the
accuracy ratio (the error) of the average value of charac-
teristics determined in statistical analysis of the experi-
mental data, p =0.1.

The similar approach concerning assessment of
landslide slopes stability based on MapInfo module is
presented in the paper [3].

The difference from conventional technique of this is
that the maximum and minimum values of the design
characteristics of soil with the confidence probability
equal to 0.95 are used in determining the shear and re-
taining forces, respectively. In practice only minimum
values of the design characteristics of soil are used for
calculating the retaining and shear forces. These design
characteristics are obtained by the (1). Such approach
leads to a distortion of the loading situation and increas-
es the possibility of errors in the calculation results re-
garding slopes stability.

Therefore the design value of the retaining force R
for the i sector is R; = R;0.9.

The design value of the shear force Ffor the i sector
isF,=F1.1.

Then the ground slope stability factor is

ks~ XR;/LF; = (0.9/1.1) Xky;

Zk _ R, cosa,igp+ R, coso,igp+.....
5 Fsino, + F,sina, +......

The data for each sector of the dam is shown in Ta-
ble 2. Thereby the overall stability factor is k, = 1.39.

Following this we verified the condition of the dam
stability

k= Rotte 139010,
sTF v, s

Thus condition is satisfied.

water level
the top of the dam
(51.40)
— (50,70) . b=01xR=0308m
——— '[ A
(48,70) dam body
bottom

soil dam foundation

Fig. 8. Calculation scheme for the fill dam stability

Table 2
The data for each sector of the dam
The angle of sector{The angle of sector] The volume of The retaining The shearing Safety
inclination, inclination, the sector, force, force, factor,
o, ° degree a, radian v, m? R F, k,
61.7 1.076868 0.1069 0.09 0.17
49.1 0.856957 0.1559 0.18 0.21
41.0 0.715585 0.1782 0.24 0.21
33.7 0.588176 0.1761 0.26 0.18
27.0 0.471239 0.1582 0.25 0.13
20.8 0.363028 0.1263 0.21 0.08
12.0 0.209440 0.1105 0.19 0.04
1.42 1.02 1.39
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Thus, according to the standard method for slope
calculation based on the hypothesis of circular cylindri-
cal sliding surface the slope stability factor 2.299 was ob-
tained, which is 1.65 times higher than the result ob-
tained by the improved method and equals 1.39. This
result is supported by the results of test tasks for the cal-
culation of rectangular limit height slope. The difference
between the values provided by the calculations ac-
counting and not accounting soil characteristics varia-
tion is 1.2—1.4 times [2]. Thus the proposed approach of
calculation allows taking into account the most unfavor-
able slope condition and increasing the safety factor.

Conclusions. The paper presents results of two case-
studies related to slope stability of hydraulic-fill dams
and filled-up soil embankments via numerical simula-
tion in geotechnical software Phase 2 and calculations in
Electronic Manual of Engineer “ESPRI” software.

The appearance of deformations on the bottom slope
of the fill dam of Seredniodniprovska hydroelectric po-
wer station is caused by several interrelated processes.
The subsidence areas on the slope surface are emerged
between two zones of moistening surface layer of the
dam downstream. There are two primary causes for slope
instability. The first one is directly connected to seepage
processes being followed by piping fine particles of soil
and sand that weakens geomechanical skeleton and
causes funnel-shaped subsidence arecas down the slope.
The second cause is conditioned by the characteristic of
dam construction and intensive seepage between two
soil layers with different mechanical and hydraulic prop-
erties, namely, silt loams of embankment body and silty
clay loams in the foot of the dam.

The second case study deals with slope stability as-
sessment of the fill-up embankment for river bank pro-
tection in Dnipro city. The project results characterizing
ground dam stability for the coastline protection show
that the improved calculation technique takes into con-
sideration the case of the most disadvantageous loading
situation through a combination of minimal and maxi-
mum possible soil characteristics. It allows getting more
reliable results than via the simplified approach gener-
ally used in the dam design practice. Based on investiga-
tion results recommendations for the implementation of
the project for the local coastal line protection of Dni-
pro city have been carried out.

Further investigations will be focused on improving
the calculation techniques related to determining condi-
tion relationships of unstable soil slopes.
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CriiiKicTb i TeXHOTeHHA Oe3ITeKa HAMUBHUX i HACHTI-
HUX IPYHTOBUX MACHBIB, 1110 CIYXAaTb B IKOCTI TiApOTeX-
HiYHMX Ta iHXXEHEPHUX CIIOPYI, ABJIAE COOOI0 BaXIIM-
BUI HAYKOBUI i MPUKJIaTHUI HATIPSIM.

Mera. Ilonsdgrae B 1OCHiIXeHHI CTIMKOCTI 0OpaHMX
JIJITHOK HU30BOTO YKOCY HaMMBHOI rpebii CepeaHbo-
nHinpoBcbkoi 'EC i HacumHoi jaMOu 6eperoyKpirieH-
He p. AHinpo. 3aBnaHHS JOCTiIKEHHS BKJIIOUaOTh: MO-
JIEJIIOBAHHSI FeOMEXaHIYHUX ITPOLIECIB, 1110 MAIOTh MicCLIe
y TPYHTOBI1 TOBIIi HU30BOTO YKOCY Irpe0Ii B MexKax Bifl
IK 14 no MK 16; BUsIBIEHHST MPUYMH MTOSIBU Ha TI0-
BEPXHi yKOCY Ipe6J1i BOPOHKOITOIiOHMX TPOBAJIBHUX BO-
POHOK; YIOCKOHAJIEHHSI METOOWUKU PO3PaxXyHKy CTili-
KOCTi I'PYHTOBUX YKOCIB i TPYHTOBUX rpe0esib sl 00-
IPYHTYBaHHS 3aXO/iB i3 6eperoykpirieHHs p. JAHinpo.

Metomuka. Y poOOTi 3a1isTHUII KOMIUIEKCHUIA Mif-
Xi 3 BUKOPUCTAHHSIM aHaJli3y i TEOPETUYHOTIO y3arajib-
HEHHSI 3aKOHOMIPHOCTEH CTiliKOCTi YKOCIB TiIpOTeXHiv-
HUX CITIOPYI, a TAKOX YK CETbHE MOIETIOBAaHHS TeoMeXa-
HIYHUX TIPOLIECIB Y HAMUBHUX TPEOJISIX i HACUITHUX I'PYH-
TOBMX JamM0ax i3 BUKOPUCTaHHSIM KPUTEPit0 pyiiHYyBaH-
Hs1 Mopa-KynoHa y mporpami cKiH4eHO-eJIeMEHTHOTO
aHani3y Phase 2.

Pe3yabrat. BukoHaHe yncesibHe MOACIIOBAHHS Tifl-
POJIOTIYHUX i FeOMeXaHiuHUX IIPOLIECiB Y HHU30BOMY
yKoCi TIpaBobepekHoi rpedni CepeTHbOTHITTPOBCHKOI
I'EC 3 ypaxyBaHHSIM T€OMETPUYHUX MapaMeTpiB CIIOPY-
U, (Pi3MKO-MeXaHIYHUX BJIACTUBOCTEN I'PYHTIB i 00-
BOJHEHHSI MacuBYy. BHKOHaHO po3paxyHOK CTiiiKOCTi
YKOCiB HACUITHOI ITPYHTOBOI IpedJ1i OeperoyKpirnaeHHs
p. duinpo.

HaykoBa HoBu3Ha. Bu3HayeHi NpuynHM, 1110 3yMOB-
JIIOIOTH TIpoliecy cydo3ii Ta yTBOpEeHHSI BOPOHKOMOi0-
HUX TIPOBAJIiB Ha ITOBEpXHi Ie(OPMOBAHOTO YKOCY
HaMMBHOI TpedJti. BcTaHOBIIEHI 3aKOHOMiIPHOCTI 3MiHU
CTIKOCTi YKOCiIB HACUITHUX AaMO MPU 3MiHi BUCOTH CITO-
DpyIu i TeOMETpii YKOCiB.

IIpakTnyna 3Haummicth. Ilojisirae B HOCTOBipHiit
OLIiHLII CTIKOCTi YKOCIB HAMUBHMX Irpe0esib i HAaCUITHUX
JJaM0, TIPOTHO3YBaHHI 3CYBOHEOE3MEeUHUX IpOLIeCiB 3
ypaxyBaHHSIM T€OMETPUYHUX MapaMeTpiB i (piznko-Me-
XaHIYHUX BIIACTUBOCTEI MAaCUBY IPYHTY.

KmouoBi cioBa: cmiiikicms ykocie, Hamueéna epebns,
HacunHna damba, Koe@iyicHm 3anacy cmilikocmi, Kpume-
pitl pyinyeanns Mopa-Kyaona

YCTONUMBOCTh M TEXHOTEHHAsi 6€30MacHOCTb Ha-
MBIBHBIX M HACBIITHBIX T'PYHTOBBIX MacCUBOB, CJIyXka-
IIMX B Ka4eCcTBE THUAPOTEXHUYECKUX W WHXKEHEPHBIX
COOPYXEHU, TPEICTABISIET BaXKHOE HAyYHOE U TIPH-
KJIaIHOE HaIlpaBJIeHUeE.

Hean. MccnenoBaHue yCTOWYMBOCTU BBIOPaAaHHBIX
Y4aCTKOB HM30BOTO OTKOCA HAMBIBHOM IIOTUHBI Cpe-
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HenHenpoBckoir 'DC M HACHIITHON JaMOBI Gepero-
yKperuteHus p. JAHernp. 3agaun rccaenoBaHms BKIIIOYa-
IOT: MOIEIMPOBAHNE TeOMEXaHMYECKUX IIPOIIECCOB,
MMEIOIINX MECTO B TPYHTOBO TOJIIIIE HU30BOTO OTKOCA
rtotuHbl B nipenenax ot [1K 14 no I1K 16; BeisiBieHNE
MPUYMH TOSIBJICHUS HAa TOBEPXHOCTU OTKOCA IJIOTUHBI
BOPOHKOOOpPA3HBIX MPOBaJbHBIX BOPOHOK; YCOBEp-
IIIEHCTBOBaHME METOIMKH pacueTa YCTOMUYMBOCTH IPYH-
TOBBIX OTKOCOB M TPYHTOBBIX ITOTWH IIJIT 0OOCHOBA-
HUS MEPOTIPUSITHI TI0 GeperoyKperieHuIo p. JIHemnp.
Metoauka. B pabote 3ameiicTBOBaH KOMIUIEKCHBIN
TIOAXON C WCIIOIB30BAaHMEM aHAIN3a M TEOPETUIECKOTO
0000IIeHNST 3aKOHOMEPHOCTE YCTOMYMBOCTH OTKOCOB
TUIPOTEXHUIECKMX COOPYKCHUI, a TaKKe UYMCICHHOE
MOJIEIMPOBAHIE FEOMEXaHNIECKIX ITPOIIECCOB B HAMBIB-
HBIX TUIOTMHAX M HACBHIIMHBIX TPYHTOBBIX JamM0ax ¢ HC-
MOJIb30BaHMEM KpuUTepus paspyiieHus Mopa-KynoHa B
porpamMMe KOHeYHO-3JIeMeHTHOro aHanu3a Phase 2.
Pe3ynbTaThl. BeinosiHEHO YK CIeHHOE MOJIEIMPOBa-
HYE TUAPOJIOTMUECKHX Y TEOMEXaHMIECKIX ITPOLIECCOB
B H30BOM OTKOCE TTpaBOOepeKHOM IIOTUHEI CpenHe-
nHernpoBckoit [DC ¢ yyeToM reoMeTpuyecKux Iapa-
METPOB COOPYKEHMUSI, (PU3UKO-MEXaHNIECKIX CBOICTB
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TPYHTOB M OOBOTHEHHOCTH MaccuBa. BrITTomHEH pac-
YeT YCTOMIMBOCTH OTKOCOB HACKHIITHOM TPYHTOBOI TIIIO-
TUHBI OeperoykperieHust p. JlHemnp.

Hayunas HoBusHa. OnipeneieHbl IPUYUHBI, 00YCI0-
BIIMBAlOIIMeE mpolecchl cyhdo3un u obpa3oBaHue BO-
POHKOOOpPa3HbIX MPOBAJIOB Ha IMOBEPXHOCTHU Ae(HOPMU-
POBAaHHOTO OTKOCA HAMBIBHOU IJIOTUHBI. ¥YCTaHOBJIE-
HbI 3aKOHOMEPHOCTH U3MEHEHHUS YCTOMYMBOCTH OTKO-
COB HACHIITHEIX aM0 TIpU M3MEHEHUH BBICOTHI COOPY-
SKEHUS ¥ TEOMETPHU OTKOCOB.

IIpakTHYecKas 3HAYMMOCTb. 3aKITI0YACTCS B HAIEK-
HOI OIIEHKE IapaMeTPOB YCTOMYMBOCTA OTKOCOB Ha-
MBIBHBIX TUIOTWH ¥ HACKHITTHBIX JaMO, TIPOTHO3¢ OIT0JI3-
HEOMACHBIX MPOIIECCOB C YIETOM T€OMETPUICCKUX ITa-
paMeTpoB U (U3NKO-MEXaHUUECKUX CBOMCTB MacCHBa
IpyHTAa.

KioueBble ciioBa: ycmoiiuugocms 0mkocog, Hamblé-
Has nAomuHa, HacelnHas damoba, Kodgguyuenm 3anaca
yemoiiuusocmu, kpumepuil paspyutenus Mopa-Kyaoua

Pexomendosarno 0o nybaikauyii doxm. mexH. Hayk
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