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AHANN3 YCTOMYMBOCTU ONON3HEBOIO CKITOHA PEKU KYBAHU
C UCMNOJIb3OBAHUEM MATEPUAIIOB MOHUTOPUHIA
OMON3HEBOW OMACHOCTM

M.A. baHaypuH, B.A. BonocyxuH, U.A. lNpuxoabko, A.A. PyaeHko

KyGaHckuin rocynapCTBEHHbIN arpapHbin yHuBepceuteT nmenmn U.T. TpyounuHa,
KpacHopap, Poccuiickas ®epepauus

O CTATbE AHHOTALWMA
Monyyena: 02 MapTta 2023 PaccmoTpeHo coBeplueHCTBOBaHWE MeTOAOB pacyeTa OMof3HEBOW Yrposbl nMpu Mo-
OpobpeHa: 20 Nionsa 2023 HUTOPWHre OMON3HEeoNnacHbIX y4yacTkoB Ha p. KybaHu 1 nccnegoBaHne BO3MOXHOCTU MX
MpuHaTa k nybnukauum: HeraTMBHOIO BO3AEWCTBMS Ha SKCMyaTMpyemble MMApPOTEXHUYECKUe coopyxeHusi. Poct
10 Hos16ps 2023 XO35IMCTBEHHOW OeATEeNbHOCTM, UHTEHCMBHOE UCMONb30BaHWE BOOHbLIX pecypcoB B bHac-
cenHe p. KybaHu BegeT K CHKEHMIO HecyLle CnocoBHOCTU CKITOHOB M POCTY OMOM3He-
Kmiovessie crioga: BbIX SIBMIEHUI. DTN NPOLIECCHI OTMeYaloTCs U B 6acceiiHax Apyrux aHTPONOreHHO OCBOEH-
ornon3eHb, PUCK, MOAENMPOBaHWe, HbIXx pek Poccuiickont ®epepaumn. beperosalimTHble COOPYXEHUSI U UX KOHCTPYKLUK
MOHWTOPWHT, KNMMaTu4eckue name- 060CHOBBIBAOT Ha OCHOBE MeToAa npeferibHbIX COCTOSIHWIA B COOTBETCTBUM C TpeboBa-
HeHWs, NPUPOAHbIE N TEXHOTEHHbIE Huamm CIM 58.13330.2011. YcTONYMBOCTb MOJOOHBIX COOPYXXEHWUI crieayeT ycTaHaBmu-
kaTacTpodbl. BaTb UCXOASA M3 YCMOBUI YCTOMYMBOCTM BCErO CKMOHA C yY4ETOM BCeX AeWCTBYIOLMX Ha-

rpy3ok v BO3gencTBui. [nsi pelleHusi nocTaBneHHOM 3agayn apdekTMBEeH KOMMIEeKC
COOPYXEHWI: PperynupyroLimx CTOK peku, CTpyeHanpaBnsioowmx (4ambbl U3 KaMeHHOW
Habpocku), cknoHoykpensiowme n Ap. Becbma addekTnBHbI MeponpusTusi, 060CHOBbI-
BalLLMEe XO3SIUCTBEHHYIO AeATENbHOCTb Ha OMON3HEBOM CKIoHe. MpaBhbii ckroH p. Kyba-
HW B OKpecTHoCTAX r. Apmasupa KpacHogapckoro kpas xapakTepeH TeM, YTO Ha 3TOM
yyacTke peku oTMevaloTcsi 3HaunTenbHble (bonee 3 m) konebaHWs MEXEHHOro 1 NaBoA-
KOBOro pacxofa peakomn nosTopsiemocTtu. [pu peanusauun npoTUBOONON3HEBbLIX, bepe-
rOYKpenmnsLLMX MeponpuaTuii HeobxoanMo NpegycMaTpuBaTh Kak CHbkeHue obLiero n
MEeCTHOro pa3mbiBa neBoro Gepera, Tak U OTBOA NMOBEPXHOCTHbLIX U MOA3EMHbIX BOA C
aHTPOMOreHHO OCBOEHHOrO parioHa MpuMbIKaloLWeMy K npaBomy CkioHy p. Kybanwu. Lle-
Nbl0 MCCNefoBaHUA Mo AaHHOW paboTe ABnseTcs obOCHOBaHME YCTOMYMBOCTY MPaBOro
cknoHa p. KybaHu B okpecTHocTsix r. Apmasupa KpacHopapckoro kpasi, rae yxe umerot
MeCTO HavasnbHble OOPYLUEHNS B CBSI3W CO CTPOUTENbCTBOM XMIbIX 34aHWUIA B Henocpea-
CTBEHHON 6nn3n ¢ HGeperom, passuTem O6LLErO M MECTHOrO pasMbiBa nNpasBoro Gepera
pekn. PacyeT npoBoauTCA C MCMOMb30BaHMEM HECKONbKUX METOAMK ANS OCHOBHOMO W
ocoboro coveTaHusi Harpy3ok. [laHHble pacyeTbl HeobxoauMmbl Anst 060CHOBaHWS MPOTU-
BOOIMOM3HEBLIX U BeperoykpenuTenbHbIX MeponpusTuin npasoro 6epera p. KybaHu.

Introduction

A landslide should be understood as an unstable mass of soil that shifts along a slope. Ac-
cording to the Ministry of Emergency Situations of Russia about 40 % of the territory of this
country where 60% of Russian residents live is landslide-hazardous due to the conditions of ero-
sion and geological features of the area. 725 (70 %) of 1036 cities in Russia are affected by land-
slides and landfalls. The direct average annual damage in the Russian Federation from landslides
i1s more than 10 billion rubles. So, to reduce damage from landslides more than 3 billion rubles
are spent annually in Russia [1, 2]. In the south of Russia 60 % of the territory of the Karachay-
Cherkess Republic, 53.5 % of the territory of the Republic of Adygea and 28.5 % of the Krasno-
dar Krai Territory are classified as very dangerous due to landslide processes, i.e. interregional
and federal emergencies in these territories are possible. Landslides are widespread on the banks
of reservoirs and rivers, especially in the Siberian and Far Eastern Federal Districts [3].

On the steep right-bank slope of the Kuban River bend, within the urban development of
Armavir city, Krasnodar Krai, the process of river (lateral) erosion is developing, which is inten-
sified by the man-made impact on the geological environment. The main factors in the develop-
ment of this process are geological, geomorphological, meteorological conditions, and anthropo-
genic activity. At the present stage the main reason for the development of an unfavorable pro-
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cess is the construction of buildings and structures in landslide-prone areas, which has led to the
changes in the coastline, erosion of the right steep bank and slope and intensification of unfavor-
able engineering and geological processes - landfalls, sloughs, landslides [4, 5].

In the northern part of the work site, the bed of the Kuban River is cut into floodplain alluvi-
al deposits, as a result of which there is erosion of sediments in the riverbed, there is no erosion
of the bank. In the south-eastern southern part, there is a steep coast, where the loose deposits of
the second alluvial terrace above the floodplain are subject to erosion and destruction. In high wa-
ter the sands lying on the loam are washed away. In the low-water period, there is physical
weathering and collapse of loams coming out on the day surface, as a result of erosion of sand
deposits lying underneath. Such type of the river bank processing creates prerequisites for the de-
velopment of landslides; the sandy alluvium of the second terrace above the floodplain begins to
slide along the loam moistened with groundwater [6].

Further development of river erosion and other accompanying unfavorable engineering and
geological processes can become dangerous and requires the implementation of anti-erosion
measures to prevent dangerous processes [7, 8].

Methodology of the research

The purpose of the field survey was to study the engineering-geological and hydrogeological
conditions of the territory for the developed project documentation, taking into account the re-
quirements of the current regulatory documents. The basis for the preparation of the report was
the materials of the previous years studies, field research, laboratory and office work [9].

At the research site to study engineering and geological conditions based on materials from
studies of previous years (2017) [15-16], 4 profiles were passed: 3 profiles along the slope (per-
pendicular to the coastline), one profile along the coastline. Distance between profiles 125-700 m.
Taking into account the detailed study of the area under consideration three years ago, in addition
to verifying the reliability of the surveys of previous years, it is planned to drill the V section,
consisting of 4 wells with a depth of 4.5 to 8.0 m with a distance between workings from 10 to 12 m,
while reducing the distance between workings in sections IV-IV, along the bank of the Kuban
River, from 125-700 to 125400 m (Fig. 1).

S N S

Fig. 1. Washing out sandy soil at the base of the slope
Puc. 1. [TogMBIB TeCYaHOTO TPYHTA y OCHOBAHUS CKIIOHA

Laboratory tests of soils related to the determination of granulometric composition, water-
physical, structural properties and characteristics of rocks, chemical analysis of water, were car-
ried out in a stationary laboratory in compliance with the requirements of regulatory documents
[10]. Office processing of field and laboratory work included the materials from the studies of
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previous years, the construction of engineering and geological sections, drill columns, and the
formation of tables [11].

During a route survey of sections of the right bank within the urban development of the city
of Armavir, Krasnodar Krai, located close to the edge of a steep slope, it has been observed an
intensification of erosion processes which progresses every year. The main residential develop-
ment is located from 5 to 15 m from the edge of the slope. It is almost impossible to get there by
transport due to the fear of a landslide. The slope is steep up to 45°, littered and in some places
reinforced with available materials: slate, tires, boards, etc.

Residential buildings do not have a centralized sewerage system; fecal water is discharged
into cesspools, through which the water is filtered and has a great impact on the rise of groundwa-
ter and, consequently, on the water content of slope sediments composed mainly of sands.

The southern outskirts of the city have a steep slope from the edge to the Kuban river water
line up to 40-45°, further to the northwest towards the boat pier it flattens out to 20-25°. The
slope of the right bank of the river Kuban is turfed and forested in places - in the south with wil-
low, and upstream — with ash and maple.

Further downstream, the slope is steep, abruptly ending at the water's edge with a ledge
composed of loam. There is an outcrop of gray-green loam with a ledge height of up to 0.5 m and
a gradual increase in height downstream to 3—4 m.

Fig. 2 shows a recorded landslide with a separation wall of 1.5-2.0 m from sandy soils, which
came down along with the trees, 270 m to the south along the stream, in a section of 100 m. Currently
it is observed the remains of trees with uprooted roots. The sliding plane for landslides is gray-green,
hard loam. Groundwater in the area under consideration lies at a depth of 13—13.5 m and is discharged
into the river Kuban. In some areas, they are observed to come to the surface near the water's line.

Fig. 2. View of the Kuban River in the alignment of the landslide slope
Puc. 2. Bua Ha pexy Ky0aHb B CTBOpE OMOJI3HEBOTO CKJIOHA

The geological structure involves two structural levels separated by a sharp angular unconformi-
ty: the lower Precambrian crystalline basement and the upper Phanerozoic weakly disturbed platform
cover. In describing the geological structure rocks which lie above the level of the modern hydro-
graphic network are characterized, i.e. these are deposits of Quaternary and Devonian age.

Quaternary system:

— technogenic formations (tQIV) — modern formations represented by a mixture of sandy
loam, chernozem, chalk chips, slag and construction waste, with a thickness of 0.3—1.3 m [12];

— soil-vegetation layer (pdQIV) — modern formations represented by sandy loam chernozem,
thickness 0.2-0.5 m;

— modern alluvial formations (aQIV) are represented by sands from grayish-yellow to gray,
quartz, medium-grained with rare inclusions of up to 5 cm of gray clays, water-saturated in the
lower interval of the layer 2.6-3.2 m [13];
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— Upper Neo-Pleistocene alluvial deposits (aQ?III) are represented by yellow, grayish-
yellow, quartz, medium-grained sands, weakly watered in the lower interval of the layer 0.3-0.5 m,
the thickness is 13.0 m;

— Upper Neo-Pleistocene alluvial loams (aQ?IIl) are represented by greenish-gray loams,
heavy, with inclusions of limestone pebbles, 2.5 m thick;

— Upper Neo-Pleistocene alluvial sands (aQ?IIl) — yellowish-gray to gray, quartz, medium-
grained, in the lower interval of the layer with pebbles and limestone boulders, water-saturated,
thickness 9.5 m [14].

Devonian system:

— Stary Oskol Complex (D3st) — grey, silicified sandstones [15].

The hydrogeological conditions of the survey site are characterized by the presence of
groundwater confined to the deposits of the Upper Quaternary age; up to a depth of 25 m, the fol-
lowing aquifers are identified:

— perched water of the Upper Quaternary complex, the water-bearing rocks are medium-
grained sands, the depth of occurrence is 0.3—-0.9 m, the thickness of the aquifer is 0.3—0.4 m.
Penetrated by wells 7, 16, 17.

— the aquifer Upper Quaternary alluvial horizon (aQIII) is confined to the deposits of the se-
cond floodplain terrace of the Kuban River. The water-bearing rocks are medium-grained sands
in the upper part to coarse-grained sands with gravel, clay and sandstone boulders in the bottom.
The horizon is low-pressure. There is a close relationship with the underlying Sargaev-Semiluki
aquifer carbonate complex. The aquifer is recharged by infiltration of precipitation, river runoff
during the flood period, as well as inflow from other aquifers. Unloading occurs in the Kuban
River and the underlying horizons.

Based on the results of engineering and geological surveys 5 engineering and geological el-
ements were identified in the soil thickness explored to a depth of 8 m [16]:

1) Holocene technogenic deposits (thIV) are a mixture of sandy loam, chernozem, chalk
chips, slag and construction debris, with a thickness of up to 1.3 m.

2) Holocene soil-vegetation layer (pdIV) — sandy loam chernozem, 0.5 m thick.

3) Holocene + Upper Pleistocene alluvial deposits (alV+a?lll) — yellow, grayish-yellow to
gray sands, medium coarseness, medium density, low humidity, up to 22.0 m thick.

4) Upper Pleistocene (a?II1) — greenish-grey loams with limestone pebbles, hard, up to 2.2 m thick.

5) Upper Pleistocene (a%I1l) sands of yellowish-gray to gray, of medium size, at the end of
the interval of the layer with pebbles and sandstone boulders [17].

The basis for the design of the structures is the sands and loams of engineering and geologi-
cal section EGE -3, 4.

Groundwater during the survey period was discovered in well 18 at a depth of 2.3 m and in
well 19 at a depth of 3.1 m. Groundwater belongs to the aquiferous Upper Quaternary alluvial
horizon (a2lIIl), the water-bearing rocks are alluvial sands EGE -3, 5. Steady level of groundwa-
ter is 2.5-13.5 m. Water is low-mineralized (1.07-1.33 g/1), hydrocarbonate-sulfate and non-
aggressive to all brands of cement.

The soaking capacity of EGE —4 loam is very slow, according to laboratory data it is less
than 25 % of the volume in 24 hours.

In the process of office processing survey materials from previous years were studied and
systematized [18] and carried out by present surveys (2017) along the V-V section. The composi-
tion and physical and mechanical properties of the soils are similar and no significant deviations
are observed, so no additional research is required.
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Categories of soils according to the difficulty of development with an excavator (according
State Elemental Estimate Standards for Construction Work 2001):

— alluvial sands (EGE -3) — 36b;

— alluvial loam (EGE -4) — 35b.

According to Set of Rules 14.13330.2018 seismic-soil conditions correspond to the second
category in terms of seismic properties. The estimated seismic intensity of the site is 7 points
(provided that the object is assigned to map C according to General Seismic Zoning 1997) [19].

The soils forming the right bank of the Kuban River in the vicinity of Armavir city, Krasnodar
Krai, are weak to the impact of water flow, at high speeds of which, more than 0.6 m/s, the dynamic
equilibrium of the geological environment is disturbed, and this leads to the development of land-
slides and lateral erosion. Therefore, it is necessary to carry out bank protection works in this area.

Taking into account the fact that all methods of stability analysis have different assumptions,
the results will be different with a fairly large spread in values. Therefore, in order to find the
minimum slope stability coefficient it is necessary to perform calculations using several methods
and then compare the obtained values.

Let us determine the values of the design load and soil characteristics for a given landslide
slope of the river Kuban. The stability of slopes and falls is influenced by a huge number of fac-
tors: geometric parameters (angle of slope B and its height H), physical and mechanical properties
of the soil mass (¢ — adhesion coefficient, ¢ — angle of internal friction, y — volumetric weight

of soil, § — lateral pressure coefficient), external load parameters (¢ — intencity, b — width,

z — vertical coordinate of the middle of the load diagram, applied to the surface of the slope).

In order to obtain dependencies between the factors determining the load-bearing capacity
of the slope and the stability safety factor prof. A.N. Bogomolov performed calculations of
the quantity K, for computational schemes [20], in which the angle of the slope B modified

from 20° to 35°, the intensity of the reduced vertical uniformly distributed load is equal to

iHe [0—6], its reduced width is %e [0.05—0.6], reduced vertical coordinate of the middle
Y-

of the loaded area is %e [0—0.65]. The value of the coefficient of lateral soil pressure in the

calculations was taken equal to 0.3; 0.5 and 0.75, and the physical and mechanical properties of
the soils varied within such limits that the value of the reduced cohesion pressure was

j—H = c(yHtgo) ' € [0-10].

The following relationships have been determined:
1. At the value of the reduced sutface load intensity g > 0,05 the numerical value of the

lateral soil pressure coefficient does not affect the position and shape of the most probable slope
failure surface and the value of the corresponding stability safety factor. Therefore, all further
calculations were carried out at one value § =0,75, which corresponds to clay soils.

2. For all considered values g, b, z, B the relation K = f(o,,), strictly speaking, it is not

linear, but can be approximated by a straight line with a sufficient degree of accuracy.
3. The relation of the type K = f(q) at fixed values of connectivity pressure has a clearly

nonlinear character. For external load intensity values within the range ge[0—6] it can be de-

scribed by an exponential curve.
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4. He position of the load affects the stability of the slope as follows. When changing coor-
dinates z from 0, when the load is directly at the upper edge of the slope, up to 0.5, all other
things being equal, the value of K, will decrease by approximately 20-25 %. With further in-

crease z the stability factor increases. There is a simple explanation for this: bringing the loaded
area closer to the horizontal surface of the base of the slope gradually “turns off” the difficult ter-
rain factor from the work.

5. An increase in the load width at constant load intensity from 0.1 to 0.5 reduces the value
of the slope stability coefficient by 40-55 %. A further increase has virtually no effect on K, as

in this case the load also approaches the base of the slope which, as in the previous case, leads to
an increase in stability.

Analysis of the above research results shows that the dependence of the stability coefficient
is very complex and its exact determination for the entire variety of design schemes is practically
impossible. However, prof. A.N. Bogomolov managed to obtain an approximating formula con-
necting the intensity of a vertical uniformly distributed load acting on a slope with the value of
the stability safety factor:

K= d(1.05 +0.1e™” )(1+0.2e-’ )(1+a6(,s)tg(p, (1)

i . 10 ) ) .

where b = %— 2,z = % are given calculated values of the load width and the vertical coor-
dinate of the middle of the loaded area; a and d — coefficients defined as functions g and § on
diagrams; e — base of natural logarithms.

Basic load combination: H =22,13m, ¢=32° ¢=0.7kPa, y= 15.97k—1\j, B=27° loading

m

qg=20 kPa, z=85m, b=41.5 m.

Given calculated parameters of external load and physical and mechanical properties of
soils: b =16.7, 2" =3.84, <L =0.05, 2= =0.003, tgp=0.625.

vyH vyH

Numerical values of coefficients a and d, found from the graphs for the calculated value g
and slope corner B, are correspomdingly equal to: a = 3.7, d = 2.65. By substituting the found
values into the formula for determining the stability factor, we get:

K =2.65(1.05+0.1¢™"7)(1+0.2¢™** ) (1+3.7-0,003)0.625 = 1.8.

Special load combination: H =23.05 m, ¢=30° ¢=0.7 kPa, y=19.75 k—N, B=27°,
m

3

loading ¢ =20kPa, z=8,5 m, b=41,5 m.
Given calculated parameters of external load and physical and mechanical properties of

soils: b =16.0, z* =3.68,-1 = 0.04, Z= =0.0026, tgp=0.577.
vH vH
Numerical values of coefficients @ and d, found from the graphs for the calculated value ¢
and angle of slope B, are correspondingly equal to: a =3.6, d =2.75. By substituting the found

values into the formula for determining the stability factor, we get:

K =2.75(1.05+0.1¢™)(1+0.2¢7* ) (1+3.6-0.0026)0.577 = 1.7.
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Let us perform a stability calculation taking into account seismic loads, since p = Z_g =29°,

then the stability calculation is carried out according to the scheme in Fig. 3.
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Fig. 3. Scheme of the formation of a landslide in a slope
Puc. 3. Cxema ¢opMupoBaHus OMOJ3HSA B OTKOCE

The sliding surface is constructed in the following order:
— determine the thickness of the elastic layer, m:

2C 2-0.7
H, === ctgp= —"--1.8=0.157,
% BT 1597

Y

— define the zero radius vector, m:

_ Hetgo(tga+ctgp)—Hyy  22.131.96(0.509+1.8)-0.157

ro_(t et ( a]ctgu (0509+18)0891€198
goTcC gu cosa-e

=6,75.

N\:a

— determine the width of the landslide prism a,, m:

_2(r,—H,,) _2(6.75-0.157)
tgo + ctgu 0.509+1.8

=5.71,

— setting zenith angles v, equal to 10, 20, 30, 35, 40, 45, 50, 55, 61, 5 and v, =%—u =61.5

determine the length of the corresponding radius vectors using the formula: r; = 7, - ",

Height of the filtration flow outlet to the bottom slope, m:

o= L+AL, | || L+AL, e m,+0,5 ~40.
‘ m,—0.5 m, —0.5 : m, —0.5

Ordinate Point K, m:
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and its corresponding abscissa x,. is determined from the equation, m:

_ (le _hlz()(L_Homz)

=39,
K H'—H;

After constructing the surface of the filtration flow the body of potential landslide is divided
into vertical compartments with a width of » =4 m, in each of which the height of the compart-

ment above is measured (/) and below (%,) depression curve and sliding surface inclination

angles (J,) and filtration flow (3,) (Fig. 4).

h A
—1 a |-
AL B A
- > A
F b
A T ~<_ B
\ ’ T~ m2
(o453 F = K HL,
~ yy
H1
m1 h[,‘ C
hg
[y,
y yK’ vy ' v .
D o > Xk o E X
1 L -

Fig. 4. Scheme for calculating the drawdown curve in the slope
Puc. 4. Cxema Kk pacdyeTy KpHBOH JEMPECCUU B OTKOCE

Volumetric weight of soil in the flooded part of the slope vy, is taken to be equal to:

Yo = (7, =7,)(1=1n). (2)

The weight of the compartments is determined as the sum of the weight of the surface and
underwater parts:

G, =b(y,h. +7,h,); 3)
length of sliding surface at the base of the compartment:
[, =bsecd,; “4)
and the shear force produced by the filtration flow:
T, =by,h,sind,, . )

The stability factor is determined by the formula:
1. Basic load combination:
_ 2Gosd, tgp+b2 Csecd,,
2. Gsind,, +by, 2 h,sind,,

L1.
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2. Special combination of loads:

_ 2Geosd tgp+b2 Csecd,.

n= ; , =1.0.
2 Gsind,, +by, 2 h,sind,,

Conclusion

Landslides occur both on natural slopes and on man-made structures. The increase in land-
slide activity is significantly associated with anthropogenic human activity. According to the in-
ternational statistics the origin of about 80 % of modern landslides is related to human activity.

Among the most well-known landslides note should be made of the following ones:

— the collapse of the Panama Canal embankment (1915), which led to the necessity of exca-
vating several tens of millions of m® of soil;

— the collapse of the embankments in Gothenburg (Sweden) in 1916 which caused a wide
range of works by the Swedish geotechnical school (there were examined more than 2400 cross-
sections and natural slopes);

— a landslide in the Philippines in 2006 which killed 1.126 people (according to the Interna-
tional Disaster Bank).

In Russia about 40 % of the country's territory where 60 % of RF population lives is subject
to landslides. Substantiation of the degree of stability of landslide-prone areas is one of the most
important tasks of geotechnics. Currently, more than 100 different methods are known for calcu-
lating the short-term and long-term stability of slopes and downhills.

Assessment of the stability of the right landslide slope of the Kuban River within the urban de-
velopment of Armavir city, Krasnodar Krai, by various methods indicates the need for landslide
prevention measures. The most reasonable should be considered the assessment made with the use
of the normative method recommended by Set of Rules 39.13330.2012 “Dams made of soil materi-
als”. Stability Factor of the Landslide Slope of the Kuban River for the Basic Combination of
Loads is ks = 1.17 < k,e.= 1.15, for special combimation of loads is k= 0.99 < k,.. = 1.04.

The own weight of the landslide slope fastening with the use of structures (according to
Sevkavgidroproekt options) has a negligible effect on reducing its stability.

Numerical calculations of the stability of the right landslide slope of the Kuban River within
the urban development of Armavir city, Krasnodar Krai by the the finite element method showed
a high sensitivity of the slope to dynamic and seismic loads.

Correct determination of the soil strength characteristics is the key to a reliable assessment of
landslide slopes stability. It is necessary to pay special attention to the procedures for measuring these
characteristics in engineering and geological surveys ensuring the reliability of the results obtained.

@Dunancuposanue. Paboma evinoninena npu ghunancosoil noodepocke Poccuitickoeo Hayynozo ¢ghon-
0a u Kybauckoeo Hayunozo ¢ounda (epanm Ne 22-17-20001).

Kongnuxm unmepecos. Asmopul 3a161410m 06 0OMCymcmeuu KOHQGIUKMA UHMEPECO8.

Bxnao aemopos. Bce agmopul coenanu pasHulii 6K1a0 8 NO020MOKY NYyOIUKAYUU.
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