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Abstract. At present, we are witnessing an intensive urbanization which is also typical for most
regions of Ukraine. As consequence, there is an increase in the anthropogenic pressure on certain
territories that’s why the problem of the development of such phenomena as landslides has become
particularly relevant. The landslides are one of the most common exogenous geological processes
creating environmental and technogenic hazards. The reasons for their activation can be divided into
natural and man-made. The landslide processes of natural origin arise, as a rule, on the coast, on the
slopes of river valleys and in the network of gullies and ravines. The technogenic landslides are
observed in the construction sector, reconstruction and operation of buildings and structures built on a
plot of slopes with difficult engineering and geological conditions. With the aim of preventing the
occurrence of landslides and related emergencies of a man-made and natural nature, it is necessary to
implement economically and environmentally sound anti-landslide measures before the start of
economic development of landslide and landslide hazard areas.

In building on landslide and landslide hazard slopes or on artificial slopes, it is necessary to keep
large masses of soil in stable state. The occurrence and activation of landslides leads to the formation of
unacceptable deformations, disruption of the slope stability as well as the destruction of buildings and
structures. The deformations of buildings and structures located on or near slopes occur from landslide
processes that cannot be stopped by regular landslide prevention works. In these cases, retaining anti-
landslide structures made of bored and cast-in-place piles embedding in stable bedrocks and combined
with reinforced concrete grille are used to protect against the formation of landslides. Such structures are
one of the most optimal, technological and cost-effective methods for stabilizing landslide dislocations.
The choice of the anti-landslide retaining structures type and their location on the slope depends on the
value of the shear stress and its distribution along the slope, the power of the shear rock mass, the
configuration of the slope, the state of shear at the time of building and other factors.

In this work, the main existing structures of transverse and longitudinal retaining pile-type anti-
landslide structures, their advantages and disadvantages, conditions of application were analyzed. As a
result of this, a new design retaining anti-landslide structure with increased loadability and reduced
consumption of materials has been proposed. The landslide protection structure is made in the form of
the counterforts run parallel to the length of the shear slope formed of round bored piles, whose
diameter increases in the direction of shear displacement. While, the piles are laid with their lower ends
in firm grounds and combined from above with reinforced concrete grille of variable height with an
inclination of the bottom surface towards base of slope. This structure is designed to stabilize landslide
hazard and landslide slopes as well as to increase stability of the slopes plots on which buildings and
structures for various purposes are operated, reconstructed and built.

Keywords: slope, sliding surface, landslide protection structure, bored piles, counterfort,
girder grill, "diaphragm wall".
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Introduction. The landslides are among one of the most dangerous exogenous geological
processes. They lead to the destruction of buildings and structures, loss of valuable agricultural
land, damage to roads and railways, death and injury to people. The main natural factors that cause
the landslides development and activation are the geological structure, the hydrogeological
conditions, the lay of the land, the climate, the intensity of nontectonic activity as well as the
technological impact.

On the territory of Ukraine, the greatest spread of landslides was observed in Odessa, Trans
Carpathian, lvano-Frankivsk, Kiev, Chernivtsi, Dnepropetrovsk and other regions. In the Odessa
region, more than 5 thousand landslides were registered and the area of landslide hazard areas
occupies almost 20% of the region’s territory. In recent years, landslides were increasingly taking
place in the territory not only of the city, but also in other settlements of the Odessa region
(Chernomorsk, Sanzhiyka, Fontanka). The abrasion processes and related avalanching-landslide
developments developed on the coast form a threat of destruction of residential and public
buildings, resort complex facilities and communications. The current state of the coast, within
populated areas, requires the urgent application of systematic measures to conduct construction,
reconstruction or repair of landslide prevention structures.

The number of residents of large cities of Ukraine was increasing year by year resulting in the
need to build additional housing, commercial and office space, recreational complexes. In this
context, there is a need for construction development of the plots with complex engineering-
geological conditions on which landslide processes are developed. This leads to the activation
existing and new man-caused landslides. While, it is necessary to solve the issue of ensuring the
stability of large masses of soil by using landslide prevention structures.

The landslide prevention structures of engineering protection include structures perceiving
shear stress of a landslide masses of soil and are designed to increase the coefficient of slope
marginal stability. The main ones are bored piles with or without girder grill, keys that cross the
weakened zone and are fixed in a strong stable base, supporting walls, counter berms, counterforts
as well as anchorages [1]. The choice of the retaining landslide prevention structures type depends
on many factors such as engineering-geological and hydrogeological conditions of the construction
site, the lay of the land, the kind and amount of the operating loads, the power of the shear rock
mass, the state of slope at the time of building, the significance and cost of objects to be protected.
In engineering practice, pile structures laid in firm groundside most widely used as the most
economical and technological. They are optimal for the power of the shear rock mass up to 15-
20 m. With increasing shear depth and increasing value of the shear stress, the construction of such
structures is associated with large amounts of work and significant material consumption.

On the basis of the above, of particular practical interest are new pile-type retaining landslide
prevention structures. And also it must be effective structures with increased loadability and
reduced consumption of materials designed to stabilize landslide hazard and landslide slopes plots.

Analysis of designs of retaining landslide prevention structures made of bored piles. The
retaining landslide prevention structures are used to prevent landslide and avalanching deformations
if it is impossible or economically impractical to use other engineering protection equipment. These
structures, in the landslide prevention system, in many cases (mountainous terrain, urban
development etc.) are the only structures the use of which allows to fix the landslide site or increase
the stability of the slope in a landslide hazard area [2].

One of the most effective landslide prevention structures of engineering protection are
structures made of deep-embedded bored and cast-in-place piles (single-row and multi-row) located
across the landslide masses, laid in a strong underlying layer and combined from above with
reinforced concrete grille. In some cases, it is allowed to use inclined piles and driven piles. The
prefabricated driving piles are used at low shear power and only when they are immersed in pilot
boreholes or by pile pressing method [3, 4].

Modern construction and architecture, 2022, no. 2, page 104-112

105



BASEMENT AND FOUNDATIONS

The single-row structure made of bored and cast-in-place piles is installed with a relatively
low power of the shear body. It can be made in the form of piles located with a certain step close to
each other (tangential piles) or with an overlap (bored piles). At significant depths of the shear rock
mass, the multi-row structure should be installed. The use of a multi-row structure makes it possible
to significantly improve the structural scheme of landslide prevention structure through the
formation of multi-stable frame in the ground. The distance between the piles and their location on
the slope should exclude flow around and pushing through the ground.

With increasing shear stress, bored piles are affected by large bending moments in value
which leads to increasing the number of piles or their diameters. This results in increased the
volume of drilling operations and material expenditures. It should be noted that both single-row and
multi-row structures don't always work at rotational slips [5]. In the event of exposure of high-
power shear body, extreme horizontal load is transmitted to the piles and Internal forces are
produced for which it is impossible to select reinforcement at selected pile diameter, both in
transverse force and bending moment. As a consequence, the piles do not correspond to ultimate
limit state, namely, to the strength of the pile material.

Recently, anchors that fix the girder grill to the bedrock have been increasingly used as part of
the structures of pile landslide prevention retaining structures [6]. Such pile structures with anchored
girder griller become a few economical than usual pile landslide retaining structures because anchoring
the head of the structure can reduce the number of rows of piles, their diameters and lengths. However,
the mechanism of interaction of elements of pile-anchor structures of landslide prevention structures
has not yet been sufficiently explored. The reliability and safety of such structures is ensured by the
choice of large sizes of structural elements and the use of inflated assurance coefficients [7].

In some cases, when there is marked sliding surface of the shear masses, key-piles can be used
[8, 9]. The keys are used with a relatively low-power of the main deformed horizon and the possibility
of laying in firm bedrocks. The distance between the keys and the depth of embedding in firm
bedrocks are determined by calculations based on the conditions for preventing soil penetration
between the keys. The mark on the top of the keys is determined from the condition of avoiding to
produce "crawling" effect.

In the field of geotechnics, there are also longitudinal retaining structures (deep-laid pile
counterforts) [10] which hold the shear masses by point resistance and side friction. In doing so, the
piles forming the counterforts can be located with a certain step or close to each other and the piles
diameter can increase in the direction of the shear body displacement [11]. The retaining landslide
prevention structures made of counterforts formed by separate piles cannot be used to stabilize deep
landslides because each pile of which the counterfort is made, works as a separate element.

Among the large number of retaining landslide prevention structures types which are protected
by patents and copyright certificates of different countries, it is also possible to highlight vertical walls
laid in the underlying soils of the base and located along the landslide with a decrease in the distance
between adjacent walls. The vertical walls formed by rows of drilling piles and combined with a
reinforced concrete grille and mounted in such a manner that they form separate wedge-like structures
[12]. The disadvantages of these structures can also be attributed to need to install a large number of
piles and the impossibility of their use to hold large in value horizontal loads.

If it is necessary to perceive large shear stresses, separate piles are replaced by bored piles [6]
which are made using the "diaphragm wall" method. The use of the "diaphragm wall" method
allows the use of retaining landslide prevention structures even if there are fluid soils on the slope.
The disadvantage of this structure is that its construction is associated with large amounts of work
and significant material consumption.

Goal and tasks of the study. The goal of the work is to develop an effective landslide
prevention structure, increased loadability and reduced consumption of materials designed to stabilize
landslide hazard and landslide slopes as well as to increase stability of the slopes plots on which
buildings and structures for various purposes are operated, reconstructed and built.
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The desired goal was achieved by solving the following tasks of the study:

— to perform an analysis of designs of pile-type retaining landslide prevention structures;

— to analyze designs of longitudinal retaining structures in form of deep-laid pile counterforts;

— to develop design of landslide prevention structure in the form of counterforts made of
bored piles row;

— to perform numerical modeling of interaction of masses of soil with elements of retaining
structures.

Study methods. The goal of the work was achieved by analyzing existing designs of the pile-
type retaining landslide prevention structures, the results of on-site inspections of landslide and
landslide hazard areas of real slopes of Odessa (on the French Boulevard, on the territory of the
Greek Park, on Dumskaya Square) as well as the results of numerical modeling of interaction of
masses of soil with elements of retaining structures.

Results of the study. The work presents a new design of a pile-type retaining landslide
prevention structure which is made in the form of the counterforts run parallel to the length of the
shear slope. Thus, the counterforts formed of round bored piles, whose diameter increases in the
direction of shear displacement. The bored piles are laid with their lower ends in firm grounds and
combined from above with reinforced concrete grille.

The authors of the article filed applications for useful model patent and invention in Ukraine.
The design of retaining landslide protection structure in the form of counterforts made of bored
piles is shown in Fig. 1-3.

The landslide protection structure is made in the form of counterforts, whose longitudinal
axes are parallel to each other, consisting of bored piles 1 of different diameters, which are installed
in the shear masses of the soil 2, cut through the sliding surface 3 and buried by the lower ends in
stable bedrock 4. The counterforts are combined with each other from above with reinforced
concrete grille 5 of variable height with an inclination of the bottom surface.

1
Fig. 1. Plan of the landslide prevention structure

The landslide prevention structure is being constructed as follows. After execution the works
on clearing and planning the site as well as breakdown and securing the axes of the structure,
drilling wells for bored piles of the largest diameter begins and filling the wells with a concrete
mixture to the full height. Then drilling wells for bored piles of a smaller diameter (through one
diameter) and performing their concreting.

At the next stage, after a set of concrete insignificant strength, starting to drill wells for bored
piles of intermediate diameter with drilling the edges of neighboring piles.
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“ 1
Fig. 2. Cross-section of landslide prevention structure

Other bored piles forming counterforts are arranged in a similar way, whose longitudinal
horizontal axes are parallel to each other and coincide with the direction of shear masses
displacement. The reinforcement is performed after one pile, neighbouring bored piles are still
concrete. It is also possible to reinforce all bored piles with frames of the appropriate shape which
does not prevent further work. The number of piles forming counterforts and their diameters
depends on the specific natural conditions. After manufacturing all bored piles forming
counterforts, starting to install monolithic reinforced concrete grille.

Fig. 3. General view of the landslide prevention structure

The landslide prevention structure works in the following way. When the shear activated, the
shear masses of the soil 2 is displaced towards the counterforts which resist the shear stress by their
point resistance and side friction. As the shear body moves, the ground is pushed into the space between
the counterforts. As a result of the ground compression, additional reactions of counterforts side thrust
appear creating additional forces of friction. The interaction of the ground with the rough side surfaces
of the counterforts leads to an increase in forces of friction. The girder grill of variable height with
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inclined bottom surface contributes to the compaction of the ground pushed between the piles and the
appearance of forces of friction along the girder grill bottom surface. The significant forces of friction
combined with compaction of the ground lead to its jamming between the counterforts. After that, row
of counterforts together with the ground operate as a single retaining cement-bound wall.

In order to assess the economic efficiency of the proposed design of the retaining landslide
prevention structure, idealized three-dimensional finite element design schemes were constructed
(Fig. 4, 5) and a numerical experiment was performed. The numerical experiment was implemented
in the licensed geotechnical software package Midas GTS NX. Previously, geometric models were
created in the BricsCAD software package and then imported directly into Midas GTS NX.

The physical and mechanical properties of the grounds making up slope, the geometric profile
and the sliding surface configuration are taken in accordance with the real ground and topographic
conditions that are inherent in the slopes of the Odessa Black Sea coast.

The numerical experiment consisted in determining the stress-strain state of the ground masses
and the coefficient of slope marginal stability for two variants of designs of retaining landslide
prevention structures. In the design schemes, the pile structures and the ground masses are defined as
three-dimensional finite elements. The soil behavior is described by Mohr-Coulomb model. The
strength of ground layer of the disturbed structure is taken equal to 0.5 m. The contact of the ground
with the field elements of landslide prevention structures is carried out via planar interface. The step
and diameters of the piles were selected so that when each of the variants of landslide prevention
structures was used to hold the shear body, the same coefficient of marginal stability were obtained.

Variant 1 (Fig. 4). The design of the landslide prevention structure is made in the form of
counterforts made of bored piles. The diameters of the piles forming the counterforts are 1000, 800
and 600 mm. The length of the piles is assumed to be 23 m, the piles laying depth below the sliding
surface is 6 m. The length of the counterforts is 2.1 m, the step of the counterforts is 2.5 m.

Fig. 4. General view of the design schemes with the landslide prevention
structure in the form of counterforts made of bored piles
with diameter 1000, 800 and 600 mm (variant 1)

Variant 2 (Fig. 5). The landslide prevention structure is made of two rows of bored piles with
diameter of 1000 mm. The length of the piles is assumed to be 23 m, the piles laying depth below
the sliding surface is 6 m. The step of piles and the distance between rows is 2 m.
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Fig. 5. General view of the design scheme with a landslide prevention
structure consisting of two rows of bored piles
with a diameter of 1000 mm (variant 2)

As a result of determining the stress-strain state in the calculated slope, zones of maximum
shearing strengths were obtained (Fig. 6) on the soil of the disturbed structure and the value of the
coefficient of marginal stability obtained by reduction method (reduction of strength), which was 1.22.

Variant 1 Variant 2

Fig. 6. Zones of maximum shearing strengths
taking into account landslide prevention structures

Based on the results of preliminary calculations, it was found that the use of design of landslide
prevention structure in the form of counterforts made of bored piles (variant 1) with the selected
diameters and step of elements, allows to save on material up to 15.4%. Therefore, the use of the
proposed design also allows to save on the volume of drilling operations.

Conclusions:

1. The choice of the type of retaining landslide prevention structures depends on engineering-
geological and hydrogeological conditions, the topography of the slope, the kind and amount of the
operating loads, the power of the shear rock mass, the significance and cost of objects to be
protected and is performed on the basis of a technical and economic comparison of variants.
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2. The use of retaining landslide prevention structures made of bored piles to stabilize
landslide hazard and landslide slope is advisable when there is marked sliding surface and there is
below the deformation zone of firm and stable grounds in which retaining elements can be laid.

3. The work presents a new design retaining anti-landslide structure with increased loadability
and reduced consumption of materials has been proposed.

4. The design of landslide protection structure in the form of counterforts made of bored piles
is intended for stabilize landslide hazard and landslide slopes as well as to increase stability of the
slopes plots on which buildings and structures for various purposes are operated, reconstructed and
built.

5. The step of the counterforts and the diameter of the bored piles that form them are
determined depending on the value of the shear stress and the physical and mechanical properties of
the grounds in the alignment of the structure, taking into account preventing ground penetration
between the counterforts.

6. Based on the results of preliminary calculations, it was found that the use of design of
landslide prevention structure in the form of counterforts made of bored piles with the selected
diameters and step of elements, allows to save on material up to 15.4% in comparison with the
design made in the form of two rows of bored piles.

7. The calculation methodology and recommendations for the design of landslide prevention
structures in the form of counterforts made of bored piles can be developed after conducting
experimental studies and numerical modeling of the interaction of elements of structure with the
ground masses at different diameters and number of piles as well as the distance between the
counterforts.
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Y00ecora deporcasHa akademisi OyOiBHUYMBA Ma apXimekmypu
Byn. [Hinpixcona, 4, M. Oneca, 65029, Ykpaina

AHoTauisi. B nanuii yac y CBITI criocTepiraeTbcs iHTEHCHMBHA ypOaHi3allis, 1o XapakTepHa 1 s
OLTBIIOCT] perioHiB YKpaiHu. Sk HAacIiIOK, BiIOYBA€THCS 301IBIICHHS! aHTPOIIOI€HHOTO HABAaHTAKEHHS
Ha OKpeMi TepPHUTOpii, Yepe3 M0 OCOOJIMBY aKTYaIbHICTh Ha0ysa mpoOieMa PO3BUTKY TAKHX SIBUII] SIK
3CyBU. 3CYBH € OIHUM 3 HAWUMOIIMPEHINIMX EK30TeHHHX T'COJIOTIYHMX TPOIECIB, SIKI CTBOPIOIOTH
€KOJIOTIYHY Ta TEXHOTeHHY HeOe3meky. Ilpuumam X akTuBizalii MOXKHA MOAUTUTH Ha MPHUPOJIHI Ta
TEXHOTeHHi. 3CyBHI TPOIECH TMPHUPOTHOTO IMOXOMKEHHS BHHHMKAIOTH, SIK TPABWIIO, HA MOPCHKOMY
y30epeicKi, Ha CXHiax pPIYKOBUX JOIUH Ta B SPY)KHO-OAIKOBHUX Mepexkax. T[eXHOreHHI 3CyBH
CIIOCTEPIratoThCS MPU OYAIBHHUIITBI, PEKOHCTPYKIIT Ta eKCIUTyaTallii OyIiBenb 1 COpy/l, MO 3BOAATHCS
Ha JUISIHKAaX CXWIIB 31 CKJIaJHUMHU 1H)XKEHEPHO-TEOJONYHUMH YyMOBAaMHU. 3 METOI0 3aroOiraHHs
BUHUKHEHHIO 3CYBIB Ta IOB'S3aHMX 3 HUMH HAJ3BUYAHMX CHUTYaIliii TEXHOT€HHOTO 1 MPUPOIHOTO
XapakTepy HEeoOXiTHO 31MCHIOBATH €KOHOMIYHO Ta €KOJIOTIYHO OOIPYHTOBaHI MPOTHU3CYBHI 3aXOAU
nepe]] OYaTKOM I'OCTIOIAPCHKOTO OCBOEHHS 3CYBHHX Ta 3CYBOHEOE3MEYHNX TEPUTOPIHL.

IIpu OymiBHUITBI HA 3CYBHUX Ta 3CYBOHEOE3MEUHUX CXMIaxX ad0 IITYYHHX YKOCAX JOBOJHUTHCS
YTPUMYBaTH y CTIHKOMY CTaHi BEJIHMKI MAaCHUBH IPYHTY. BUHHKHEHHS 1 aKkTHBi3allisi 3CyBiB Bene 10
YTBOPEHHSI HENPUITYCTUMHUX JedopMalliii, MOpPYLIEHHS CTIHKOCTI CXWIy, a TaKoX pyHHYBaHHS
Oynisens Ta cropyn. Jedopmarii OyaiBens Ta cropys, IO po3TaloBaHi Ha cxmiax abo Ol HHX,
BiZIOYBAlOTbCS BiJl TAaKUX 3CYBHHX IPOLECIB, SIKI HEMOXIMBO 3YIMHHUTH 32 JIOIIOMOTOI0 3BHYAMHUX
MPOTU3CYBHHUX 3aXOMAiB. Y [MX BHIAAKAX IS 3aXHUCTY BiJ] YTBOPEHHS 3CYBIB 3aCTOCOBYIOTHCS
YTPUMYIOUi IPOTU3CYBHI KOHCTPYKIIii 3 OypOHAOMBHUX Mab, 3 3aKJIa/ICHHSIM B CTIKI KOPIHHI TOPOIH
Ta 00'€qHaH1 3a/11300€TOHHUM pOCTBEpKOM. Takl CIOpyau € OJHUMH 3 HAWOUIbII ONTUMAJIbHHX,
TEXHOJIOTIYHUX 1 EKOHOMIYHO e(EeKTHBHMX METOJIB cralumizamii 3CyBHHMX 3MillleHb. BuOGip Tuy
YTPUMYIOUHMX HPOTU3CYBHHUX CIOPYJ 1 Micls X pO3TalllyBaHHS HAa CXWJI 3aJIeKUTh Bl BEIMYUHU
3CYBHOT'O THCKY 1 HOrO pO3MOJUTY Y3/I0BK CXHITY, TIOTY’KHOCTI 3CYBHOI TOBIIi, KOH(DIrypauii cxuiy,
CTaHy 3CyBY Ha MOMEHT Oy/IBHULITBA Ta IHIIMX (PAKTOPIB.

B po6oTi mpoaHani3oBaHi OCHOBHI 3 ICHYIOUMX KOHCTPYKLIH HONEPEeYHHX Ta IMO3JIOBXKHIX
YTPUMYIOUHX MPOTU3CYBHHX CIIOPY/ MaTbOBOTO THITY, X IEPEBaru i HeIOMiKH, YMOBU 3aCTOCYBAHHSI.
B pesynabTaTi 11bOr0, 3ampoNOHOBAHA HOBAa KOHCTPYKIiS YTPUMYIOUOi MPOTU3CYBHOI CIIOPYAU
MIJBUIIIEHOT HECYYOi 37aTHOCTI Ta 3HMKEHOT MaTepianoMicTkocTi. [IpoTu3cyBHa criopya BUKOHaHA Y
BUTJISII MapajielbHUX JOBXKUHI 3CYBHOTO CXMJIy KOHTP(OPCIB, 110 YTBOPEHI 3 KPYIJUX OYpOCIYHUX
nasb, JlaMeTp SKUX 30UIbLIYEThCS B HANpPSMKY NepeMilieHHs 3cyBy. [Ipu mpoMy mami 3akiajeHi
HIDKHIMU KIHIPIMUA y CTIMKI IpyHTH Ta 00’€[JHaHI 3BepXy 3ajli300€TOHHHUM POCTBEPKOM 3MIHHOI
BHUCOTH, 3 IOXWJIOM HI)KHBOI TpaHi y OIK mifomBH cxuiy. Ll KOHCTpyKiis Hpu3HadyeHa JUIs
ctabimizallii 3cCyBOHEOE3MEYHUX Ta 3CYBHUX CXHIIIB, a TAKOX MiJBUIIEHHS CTIMKOCTI JUISHOK CXUJIIB,
Ha SIKMX eKCILUTyaTYIOThCSI, PEKOHCTPYIOIOTHCS Ta OyAYIOThCS OYIiBIII 1 CIOPYAH PI3HOTO MPU3HAUEHHS.

KirouoBi cioBa: cxui, NOBEepXHs KOB3aHHs, NPOTH3CYBHa CIOpyJa, OypocCidyHi maini,
KOHTP(}OPC, POCTBEPK, «CTIHA Y TPYHTI.
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