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Abstract. The vigorous growth of cities and re-
duction of free territories for building construati
necessitate the development of town areas with
complex geotechnical conditions. The complexity
of construction in such areas causes increase c
construction costs and, as a result, decrease c
profitability in the real estate market and occur-
rence of additional risks in developing the corre-
sponding areas. In the initial stage of designt tha
is, in the stage of technical-and-economic assess
ment, there is a need to select engineering plgnnin
decisions and to adopt the corresponding arrange
ment of engineering protective structures in the
design area. Unavailability of an algorithm for
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solving this problem in the initial design stage Exactly, in selecting landslide protective struc-
often causes a need for redesign and for develop-tyres required, models can be used.
ment Of several deS|gn VarlantS, and as a reﬂﬂlt, f The engineering decision in territory planning

increase of design periods and for attraction of should be taken by comparing variants of landslide

additional costs. For this purpose, it is requited  protective structures with consideration for inlitia
analyze factors affecting selection of engineering and calculated data.

protective structures and use of such structures in  The proposed information model will provide
certain development areas, as well as to develop anthe possibility to determine, in earlier designgsta
information model for selecting engineering pro- es, the technology and cost of construction.
tective structures for specific territories. The proposed methodology of studies for se-
The practicability of anti-landslide measures is |ecting engineering decisions in territory planning
determined with consideration for the basic causes provides the possibility to predict the investment
of landslides. Therefore, the priority task is ® d  attractiveness of the development area and its prof
termine the causes and types of landslides. ~ jiapility in the real estate market. The results ob
Landslide protective structures selected with tained can be used in developing town-planning
consideration for causes and types of landslides jnhformation bases for territories.
and In the next study stage is to determine the  The actuality of these studies is confirmed by
loads. _ _ ' _ development density and competition among
The selection of optimal landslide protective puilders in taking decisions and reducing risks.
structures is based on the results of engineering- Key words: landslide, engineering protection
geological studies and on the results of comparison of territories, anti-landslide measures, landslide
of several design variants. protective structures, retaining wall, drainage.
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INTRODUCTION STATEMENT OF THE PROBLEM

The vigorous growth and associated terri- The purpose of this paper is to carry out the
tory development, caused by intensive indus- systematic analysis of landslide processes in
trial, civil, hydraulic and other construction, order to solve problems relating to the devel-
result in the development of technogenic geo- opment of city areas, determine new methods
logical processes which change the existing for solving such problems, and develop and
geoecological state of territories and cause use information models and structural dia-
land surface deformation. grams designed for improving the quality and

Particularly common are exogenic gravita- efficiency of problem solution.
tional processes, which occur as split-offs, There is a necessity to develop information
landfalls, and landslides. The problems relat- support, perform studies, and determine sci-
ing to landslides, magnitudes and shapes of ence-based complex decisions and methods for
landslides, rate of landslide masses movement, selecting variants of anti-landslide measures.
and factors affecting these problems and char-
acteristics can be different. ANALYSIS OF THE LATEST RESEARCH

According to the last data, the total amount AND PUBLICATIONS
of landslides in Ukraine is about 23 thousand
and continuously changes due to removal (by The landslides and landslide protective
cutting, cleaning, or merging) of existing land- structures were discussed in many publications
slides or formation of new landslides, Within and attracted attention. At the present time, the
the Kyiv Region, about 900 landslides have problems relating to landslides are defined, the
occurred. The problems relating to landslides causes of landslides are studied, and the basic
are also characteristic for the right-bank side principles and methods of protection against
of Kyiv, where about 70 landslides have been landslides are determined.
registered. For example, landslide processes have been

Landslides are very dangerous for town ar- studied by such researches as Bakutis V.S. [1],
eas and require significant expenditures for Vladimirov V.V. [2], Nazarenko I.I. [3] and
removing damage consequences and develop-Nishchuk V.S. [4].
ing anti-landslide measures.

The problems relating to landslides and se- SYSTEMATIC ANALYSIS AND
lection of landslide protective structures are DEVELOPMENT OF MODELS
top-priority and urgent. FOR CLASSIFYING LANDSLIDES AND
The term “landslide” means a physico- FOR ANTI-LANDSLIDE MEASURES
geological phenomenon consisting in rela-
tively slow or, in specific cases, fast downhill The practicability of anti-landslide meas-

movement, under action of gravity, of earth ures should be determined with consideration
masses over the slip base due to the change ofor the basic causes of landslides. Therefore,
the earth physical properties caused by surfacethe priority task is to determine the causes and
water, underground water, or atmospheric fac- types of landslides.
tors [1]. The landslide-prone slope is in a boundary
The term “landslide area” means an area equilibrium state. Any violation of such state
where rock landslide deformations occur at the can be caused by increase of destabilizing
current time or had occurred in the past. forces, decrease of resisting forces, or, more
The term “landslide-hazardous area” means often, by a combined effect of destabilizing
an area where landslide deformations do not and resisting forces.
occur at the current time or had not occurred in ~ The increase of destabilizing forces is char-
the past but can occur under the individual or acterized by the change of the stressed state of
combined influence of natural or antropogenic rocks of the slope or hillside, resulting in the
factors. increase of the slope or hillside gradient,
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weathering, undercutting, action of hydrostatic landslides are classified as natural factors and
and hydrodynamic forces on the earth (which

cause such filtration deformations as mechani- morphological,

The natural factors include climatic, geo-

geological, hydrogeological,

cal subsoil erosion, filtration protrusion, and hydrological, and other factors relating to geo-
washing), loading of the slope or hillside and logical processes (Fig.1).
adjacent areas, seismic transients, or vibra-

tions.

consequence, in watering or bulking of the

earth, formation of flowing sand, or undercut-
ting or undermining of the slope or hillside

base.

The basic factors affecting the formation of

The antropogenic factors include economic
activity, degree of landscaping, construction

The decrease of resisting forces results in works, effect of buildings and structures, and
the reduction of rock or earth strength, and as a operational imperfections.

The basic parameters of landslide processes

and the effect of landslide processes on the
territory are discussed below in detail. The

landslide classification scheme is shown in

CLASSIFICATION OF LANDSLIDES

antropogenic factors, Fig.2.
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Fig.2. Classification of landslidt
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Every landslide has its characteristic fea-  When the loads have been determined, it is
tures, such as the landslide magnitude, rate of necessary to calculate the stability of the slope
landslide propagation, and destructive energy. or hillside. All the methods for calculating

Hereinafter, landslide protective structures stability of slopes and hillsides are based on
will be selected withconsideration for causes the boundary equilibrium theory and on the
and types of landslides. assumption that the slope earth mass is in a

In the next study stage, loads caused by stressed state and in boundary equilibrium
landslides should be determined. In landslide- conditions.
hazardous areas, the loads should be deter- The stability of a slope or hillside in natural
mined when calculating the slope stability with or design conditions should be calculated with
consideration for coincidence of adverse fac- consideration for the bearing capacity of the
tors and basic, additional, and specific loads slope or hillside in boundary equilibrium con-

associated with landslides. ditions.
The basic loads are the following: The design stability coefficient should be
1. Continuous loads: determined as follows (1):

- design bulk weight of earth; k= Zh(Q Cosa; Mg, +cy ) 1)

- weight of buildings and stationary struc- st 214 (QBing;)

tures located on the slope. where:
2. Temporary loads: Qi is the weight of the earth mass of théa

- weight of filled-up earth; design element with consideration for the total

- weight of temporary buildings and struc- load on the slope or hillside from buildings
tures, weight of equipment, wind loads, weight and structures (kg);

of snow, weight of trees a Is the tilt angle of the landslide slip sur-
3. A single short-time load: face to the horizontal plane for theh design

- weight of heavy construction machines, €lement (degree);

hoisting cranes, large-sized equipment. ¢i is the angle of internal friction (degree);
The additional loads are the following: ci is the specific cohesion (Pa);

1. Continuous additional loads. li is the length of the ith design element

2. Temporary additional loads. along the slip surface (m).

3. Short-time additional loads. The design stability coefficient must meet
The specific loads are the following: the following requirement (2):

1. Continuous specific loads. Ky 2K, (2)

2. Temporary specific loads. where:

3. Two short-time specific loads. kstis the design stability coefficient;

4. A single specific load: ke is the normative (minimum) stability co-

- an emergency load, load from underground efficient.

water in emergency conditions when the un-  The ky value characterizes the degree of

derground water level exceeds the level which stapijlity of the slope or hillside. Ky > 1, the

is characterized by the low probability of oc-  slope or downhill is considered as stable. If

currence, kst < 1, the stability of the slope or hillside is

- aseismic load. y violated and a landslide occurs. If thgvalue
‘When calculating the stability of a land- s approximately equal to 1, this value corre-

slide-prone slope, the basic and emergency sponds to the boundary equilibrium state of the

loads and effects of the loads should be con- garth mass and, as a result, to the possibility of

sidered. For the first group of loads (loads de- 3 |andslide 8].

pending on the slope strength), the design  The ky values for basic loads associated

boundary values of the basic continuous loads jth |andslide-prone and landslide-hazardous

and effects of such loads should be considereds|opes should be 1.35 and 1.25, correspond-

when CheCking the landslide-caused |Oading. |ng|y’ for the first Category of importance of

buildings 1.3 and 1.25, correspondingly, for

20 Transfer of Innovative Technologies
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s

Fig.3. Landslide pressure diégram

the second category of importance of build-
ings, 1.25 and 1.15 for the third category of
importance of buildings and 1.2, and 1.1, cor-
respondingly, for the fourth category of impor-
tance of buildings.

The kst value for specific loads should be
1.3 and 1.22, correspondingly, for the first
category of importance of buildings 1,125 and

consideration for only frictional forces (for
landslide-prone slopes).

The selection of optimal landslide protec-
tive structures should be based on the results
of engineering-geological studies and on the
results of comparison of several design vari-
ants.

The basic landslide protective structures are

1.15, correspondingly, for the second category the following (Fig.4):

of importance of buildings 1.2 and 1.1 for the
third category of importance of buildings, and
1.15 and 1.05, correspondingly, for the fourth
category of importance of buildings. [4], [7].
When designing landslide protective struc-
tures, it is required to determine landslide

- landslide restraining structures;

- retaining and supporting building founda-
tions;

- structures for controlling surface yield and
water drainage systems;

- structures for controlling underground wa-

pressure E (3) and plot a landslide pressure ter level.

diagram by using a method of horizontal forc-
es (Fig.3) [8, 9].
E.= F,- cosa, — }—‘——R - cosa, , (3)
n'¥fe

where:

F is the landslide-producing force caused
by the weight of the earth mass with consid-
eration for buildings and structures, located in
the landslide area, and filtration pressure;

Vn is the coefficient of safety against load-
ing;

Vic IS the coefficient of importance of build-
ings and structures in conditions with com-
bined loads;

Yc IS the service coefficient;

Ri is the resistance of the earth mass, which
should be determined with consideration for
frictional forces and coalescence of earth par-
ticles (for landslide-hazardous slopes) or with

Transfer of Innovative Technologies
2018 Vol 1(1), 17-25

Landslide restraining structures should be
used for fixing slopes and preventing land-

I ENGINEERING LANDSLIDE PROTECTIVE STRUCTURES I

LANDSLIDE RESTRAINING
STRUCTURES

RETAINING AND SUPPORTING
BUILDING FOUNDATIONS

STRUCTURES FOR CONTROLLING
SURFACE YIELD AND WATER
DRAINAGE SYSTEMS

STRUCTURES FOR CONTROLLING
UNDERGROUND WATER LEVEL

Fig.4. Engineering landslide protective structures
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slides, collapses, and inrushes. Such structures
are designed for providing, individually or in Ke, :Z(k1+k1+-~-+kn)/n (4)
combination with other landslide protective -

o . where:
structures, the pOSS'b'“ty. to W|thstanq land- n is the number of characteristics in the
slide pressure E according to Equation (3). model-

Landslide restraining structures should be lo-
cated in such parts of landslide-hazardous or
landslide-prone slopes where vertical loads
acting on the possible slip surfaces create re-
straining forces than exceed the landslide-

kitko+...+k, is the value of the corre-
sponding characteristic in the model;

> is the sum of the values of the corre-
sponding characteristics:

inducing forces. k=10

The landslide restraining structures are the ki +k +..+k, k=1k=05
following: k=0
- retention walls on an earth or pile founda- The valuek = 1,0 means that the use of the
tion; landslide protecting structure is efficient, and

- pile structures, fins, and poles designed for the structure is recommended for protection.
fixing unstable slope or hillside areas and pre-  The valuek = 0,5 means that the use of the
venting displacement of earth masses on landslide protecting structure is allowable for
weakened surfaces; protection if the structure is strengthened.

- anchoring structures designed as individual  The valuek = 0 means that the use of the
restraining structures with supporting plates, landslide protecting structure is low-efficient

beams, or other elements; and is not recommended for protection.
- combined restraining structures.
In selecting landslide protective structures CONCLUSIONS

required, models can be used. The model pro-
vides the possibility to determine the type of According to the study results and experi-
landslide protective structures for the specific ence gained in theoretical and practical activi-
conditions and compare landslide protective ties in the area of town development and terri-
structures of different types in order to select tory planning, proposed are classification sys-
the most efficient type. tems for landslide processes and causes of
Presented below, as an example, are the re-landslide processes. These systems provide the
sults obtained by using such a model. The pro- basis for obtaining new scientific results.
posed model allows the practicability of the The results of analysis of domestic and for-
landslide protective structures to be deter- eign publications has demonstrated that, at the
mined (Fig.5). present time, activities for determining new
The basic groups of factors in models are a methods of selection of landslide protective
group of natural factors and a group of per- structures in the area of town development are
spective factors. These factors directly affect continued.
the selection of landslide protective structures. On the basis of analysis of the State Build-
The engineering decision in territory plan- ing Regulation and scientific and methodical
ning should be taken by comparing variants of literature, determined are basic measures for
landslide protective structures with considera- protecting town territories against landslides.
tion for initial and calculated data. In accor- In order to determine optimal landslide pro-
dance with the model, the definite protection tective structures and actions, developed is the
structure from each group, which is optimal as new methodology of stepwise use of the de-
compared with the other landslide protection veloped models and structural diagrams.
structures, should be adopted. The study performed has resulted in rec-
When comparing landslide protection struc- ommendations relating to the selection of en-
tures, the utilization efficiency coefficient gineering facilities for protecting town territo-
should be determined as follows (4): ries.

22 Transfer of Innovative Technologies
2018 Vol 1(1), 17-25



Architecture, Infrastructure

sainjons aAnoalold apyspbuliaaulbus JO SjueLIeA JUBIDIYS JO UoND3IaS G B

I £ IPNNPS JUELIEY |
_
0l 01 £89°0 £89°0 z pue | sdnoas) soy anjes dFesany |
_
0l 01 ££8°0 ££8°0 7 dnoad aop anpea aFesany | |
0l 01 0 0 - wawdojasop Loy jo oudsig | €7 |
: . . . . wawdopsap | _ |
ol 0l ol ol Aoy aanoadsiad jo ssudsixouon | ¢ ¢ |
0l 0l ol ol cae wm ey | 01dn AJOILLIZ) ) JO UONEI0ISII put Surdedspue] | [T |
sa0paE) aandadsaag ;7 dnoary | 7|
ol o LLLO LLLO LUROID Ny eRpasovmay | |
0l 0l 0l 0l rycondn EAE SNOPIEZRY-IPI[SPUET] | 6] |
0l 0l 00 00 WL ()] O Wl | o $3204 paumided yo (ssowprygy) qddq | R |
01 01 00 00 dis adA) uoneuuogop 330y | L1 |
W ; 01 W ¢ woly PIENS SULIEXN-Jem 7 =71
wygop |3A] IEm punoudaapury 21 _
adojs ap jo Suipro] l
ol 0l <0 <0 INEM pUncUiIapur) =
I[sput] Joj Isne
ol 0l ol ol adojs ay1 Jo uouepunuy PSP ) ol §1
0l 0l 01 0l suonediamed suagdsouny |
'] £ E s o syaad ajqus jo uonedo] pue qudagg | ¢
wgo] |
A SIIAE] LD DUWOS =i
.—uﬁﬂm ul udﬂu.u-._hw UMM pue 2Imianuns Uﬁ_.__...—.. el |
o eare | . |
§0-50="4 snopaezey-aprspur] 2 w Anpqers adojg | © | |
01 01 0 0 Saddpogody | waipesd 3dojs |17 |
s1010w) [amiey,] 1| dnoar) 1]
I [iengryh sfewesp euorioy jies Busupras e Burmra Ja Burupryas :
Hem Burisieias Ia— L _-_.._-_ £ I_ FA D l
AdAL AdAlL dAdAL AdAL JASIHALIVEVHD SHOLOVA JISve W
ADVNIVHA TVINOZIHOH AdAL AHNLINHLS
HYTNENL HLIA FHOLONALS NOLLYALOHLd a31412348
NOLLOALOHd 3HL AHL HOA INAID44300 ALITIEYLS
HOA INFIAAF30D ALITIEVLS

23

Transfer of Innovative Technologies

2018 Vol 1(1), 17-25



Architecture, Infrastructure

The consideration of factors having an ef-
fect on landslide processes provides the possi-
bility to determine activities required for land-
slide protection of landslide-prone and land-
slide-hazardous territories in specific condi-
tions and to objectively estimate engineering
decisions relating to territory planning.

The proposed landslide protection actions
provide the possibility to meet town develop-
ment standard requirements and provide com-
fort living conditions for population.
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MeTonosorusi ucciae10BaHuii BIOOpa
HHKEHEPHBIX pelleHnii Mpu MJIaHNPOBKe
TePPUTOPUH

Anexceti Hpuiimauenko, Anexcandp Kobszap

AnHoTanusi. CTpeMUTENBHOE Pa3BUTHE TOPO-
JIOB U YMEHBIIIEHHE CBOOOJHBIX TIPOCTPAHCTB IO/
3aCTPOMKY MPOBOIUPYIOT MOTPEOHOCTh OCBOCHHS
Y4aCTKOB co CIIOKHBIMU HWHXXEHEPHO-
reoJIOrHuecKuMu  mporeccamu. CIOKHOCTH BBI-
TIOJTHEHUS] CTPOUTENBHBIX MPOIIECCOB HAa COOTBET-
CTBYIOUIUX YYacTKax MPUBOJUT K YBEIHUYCHHUIO
ce0ECTOMMOCTH CTPOWTENBHBIX pPaboOT, dYTO, B
CBOIO OYepe.lb, CHIDKAET PEeHTA0ebHOCTh Ha PBIH-
K€ HEJBUXUMOCTH U MPUBOAUT K BOZHUKHOBEHUIO
JOTIOTHUTENBHBIX PUCKOB IMPU OCBOCHUU TaKHUX
y4acTkoB. Ha HaganpHOM 3Tarne mpoeKTHPOBaHUS,
MIPH TEXHUKO-3KOHOMHYECKOM OOOCHOBAaHHHU BO3-
HUKAeT MOTPESOHOCTh B BBIOOpE ILTAHMPOBOYHBIX
WH)XCHEPHBIX PEIICHUH, MPUHIATUH KOHCTPYKTHB-
HOM CXeMbl MH)XEHEPHBIX COOPYKEHUI Ha y4acTKe
npoekTupoBanus. OTCYTCTBUE alrOpUTMa pellie-
HUS JAHHOW 3a/layl Ha HadaJdbHOM JTare 4acTo
MPUBOJUT K MOBTOPHOMY NPOEKTUPOBAHUIO H
HEO0OXOIUMOCTH Pa3pabOTKH HECKOJIbKHX BapUaH-
TOB, YTO, B CBOIO OYepe.lb, MIPUBOAUT K yBEIUYE-
HUIO CPOKOB IPOEKTHPOBAHUS W MPUBIEYCHHUIO
JIONIOJIHUTENBHBIX CpeAcTB. JInsi pelieHust >Tou
3aJlaud HY»KHO UCCIIEA0BaTh (PaKTOPHI, BIUSIONIIEC
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Ha BBIOOp WHXKCHEPHBIX COOPYKCHUH M BO3MOXK-
HOCTh WX TPUMEHEHUS Ha OINpPEIENCHHBIX ydJacT-
KaxX 3acTpOMKH C TOCIEAYIOmeH pa3paboTKoi
MH(OPMAITMOHHOW MOJETH IO BBIOOPY COOpPYXKE-
HUM 3aIUTHI TEPPUTOPHUH.

LlenecooOpa3sHOCTh  MPOBEAEHHS]  MPOTHBO-
OTIOJI3HEBBIX MEPOIPHUSITHI ONpeenseTcss B COOT-
BETCTBUM C OCHOBHBIMHU MPUUYMHAMH TMPOSBICHUS
cMemenus. IlepBoodepenHol 3amayuedt sBisETCA
oTIpe/ieTieHNe TaKUX NPUYMH U Pa3HOBHIHOCTEH
omoyHe. [Tomoop KoMITIeKca MPOTUBOOIIONI3HE-
BBIX MEPONPUATHH MPOBOJAUTCA C YIETOM MPUYHUH
BO3HWKHOBEHHS M THIIa OTIOJ3HEH, a CIEAYIONIIM
STAIOM SIBJISIETCSI OIIpeIeNICHUE HAarpy30K.

Br10op ONTUMaNEHOTO KOMITIEKCA COOpYKe-
HUW MH)XCHEPHOH 3aIlUTHI BBIOIHIETCS HA OCHO-
BaHWU COOpaHHBIX HMHXCHEPHO-TCOJIOTHUECKUX
pacyeToB U CPaBHEHUSI HECKOIBKHUX BapUAHTOB.

WmenHo mia ompeneneHUss KOHIENTYaTbHOTO
pelIeHnsT KOMIUIEKCa IPOTHBOOIIOJI3HEBBIX CO-
OpYKEHUN MOKHO HCTIOIB30BaTh MOJCIHUPOBAHUE.
[IpunATHE MHXEHEPHO-TUNIAHUPOBOYHOTO PEIICHHS
MPOMCXOANT TP CPaBHEHWH BApUAHTOB COOPY-
JKEHUH, YUUTHIBAasl UCXOJHBIC M PACUETHHIC NaH-
HEIE.

[IpennoxenHass MOJeNb MO3BOJIUT HA PaHHHUX
CTaAUSIX MPOCKTUPOBAHUS OMPEICIUTh TEXHOJIO-
THIO BBITIOJIHEHUSI CTPOMTENBHBIX PabOT, U COOT-
BETCTBEHHO, OTPEAEITUT CTOMMOCTHh CTPOUTEIBHO-
MOHTa)KHBIX padoT.

[IpennokeHHass METOOOJIOTUA HCCIEAOBAHUMA
BBIOOpa MHXEHEPHBIX PEIICHWH TMpH IJIaHHpOBa-
HUU TEPPUTOPUN JAeT BO3MOYKHOCTH CIPOTHO3M-
pOBaTh HMHBECTUIIMOHHYIO IPUBICKATEIBHOCTH
y4acTKa 3aCTPOMKHU U € peHTa0eIbHOCTh Ha PHIH-
Ke HeaBWKUMOCTU. [lomydeHHBIE pe3yNbTaThl
MOKHO TPUMEHSTH TP CO3TaHUN MH(POPMAIHOH-
HBIX TPAJIOCTPOUTEIHHBIX 0a3 TEPPUTOPHUH.

AKTyallbHOCTDb JaHHBIX WCCIIEOBAHUN TIOJ-
TBEPXKAAETCS UMEIOLIEHCSI TNIOTHOCTHIO 3aCTPOUKHU
U KOHKYPEHTHOCTBIO MEXAY 3acTpOMIIUKaMu B
CKOPOCTH TPUHATHUS PEUICHUH U YMEHBUICHUU
PHCKOB.

KuaroueBbie cji0Ba: OMNON3HU, HWHXXECHEpPHAS
3alllUuTa TEPPUTOPUM, MPOTHUBOOIOI3HEBBIE MEPO-
MPUSTHSA, YAEPKUBAIOIINE TPOTHBOOIIOI3HEBBIE
COOPYXKEHHsI, TOJIMOPHAs CTeHKa, IPeHaX.
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