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Currently, there is no single method for determining the width of the cross-section for the elements of anti-landslide retaining 
structures with a rectangular cross-section (or the diameter of the elements with a round cross-section) at a known distance 
between them. An algorithm for determining the diameter (in the case of a transitional view of a round shape) or the smaller 
side (in the case of a transverse transition of a rectangular shape) of anti-vessels supporting structures at a known distance 
between them is presented. In the course of the above work, obtained analytical dependencies that allow us to determine: the 
width of the cross-section for the elements of anti-slip retaining structures with a rectangular cross-section (or the diameter of 
the elements with a round cross-section) at a known distance between them, the step of arranging the elements of anticonvulsant 
supporting structures with a rectangular cross-sectional shape (or the diameter of the elements of a circular cross-sectional 
shape) at a known distance between them. 
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В даний час не існує єдиної методики визначення ширини поперечного перерізу для елементів протизсувних утриму-
ючих конструкцій з прямокутною формою поперечного перерізу (або діаметру елементів з круглою формою попере-
чного перерізу) при відомій відстані між ними. Було проведено теоретичні дослідження геомеханічних процесів з ви-
користанням аналітичних і чисельних математичних методів. Виконано аналіз і узагальнення результатів теоретичних 
досліджень. Представлено алгоритм визначення діаметру (в разі поперечного перерізу круглої форми) або меншої 
сторони (в разі поперечного перерізу прямокутної форми) протизсувних утримуючих конструкцій при відомій відстані 
між ними. В результаті  отримано аналітичні залежності, що дозволяють визначити: ширину поперечного перерізу для 
елементів протизсувних утримуючих конструкцій з прямокутною формою поперечного перерізу (або діаметру елеме-
нтів з круглою формою поперечного перерізу) при відомій відстані між ними, крок розстановки елементів протизсув-
них утримуючих конструкцій з прямокутною формою поперечного перерізу (або діаметру елементів з круглою фор-
мою поперечного перерізу) при відомій відстані між ними. Отримані аналітичні дані також можуть бути використані 
в якості попередніх даних при виконанні розрахунків з використанням сучасних програмних комплексів як по ґрунту, 
так і по матеріалу.  

 
Ключові слова: зсув, утримуюча конструкція, діаметр елементу, ширина  елементу крок елементів. 
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Introduction 
Currently, in the anti-landslide restraining structures de-

sign, the following problems occur [1-3]: 
1) The use of solid restraining structures (restraining 

walls) is a very costly and laborious process. 
2) During such consumption, there appear problems 

with cutting the slope and, as a consequence, the stabil-
ity loss, as well as the drainage of groundwater. 

3) According to the spatial layout, the following re-
straining structures are distinguished: 

– linear or extended objects, which include retaining 
walls, trench fences, anti-landslide structures, etc. 

– point or discontinuous objects, which include 
fences of pits, chambers, wells, anti-landslide struc-
tures, etc. 

In turn, point objects are subdivided into single-row 
and multi-row (from several rows of separately stand-
ing connected or unconnected retaining structures). 

An alternative to solid anti-landslide structures is dis-
crete containing structures [2, 3, 4], however, the fol-
lowing problems use occurs: 

– the strength loss and soil stability risks, which are 
located between the elements of the discrete restraining 
structure and, as a result - soil destruction located in the 
zone of the restraining structure influence - and further 
- landslide descent. 

– discrete (especially multi-row) restraining struc-
tures create a barrage effect for underground waters; the 
result is groundwater level rising and, as a conse-
quence, a deterioration in the soil condition in the re-
straining structure influence zone - and further - its de-
struction. 

 
Review of the research sources and publications 

The retaining structures' design should include: 
– retaining structure type selection; 
– selection of a method for constructing a retaining 

structure; 
– choice of dimensions, depth of the retaining struc-

ture, and its main geometric parameters; 
– structures attach type selection; 
– selection of materials for the retaining structure; 
– the choice of the method of protection against 

groundwater; 
– checking the bearing capacity of the base containing 

the structure according to the first and second groups of 
limiting states. 

Nowadays, L. K. Ginzburg (1), N. N. Maslov (2) and 
(3), R. Hill (4), S. I. Make (5), G. E. Hennessy (6)  
[3-7] formulas are most often used to determine the 
spacing size for the anti-landslide discrete restraining 
structures placement. 
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where b is the distance between the containing elements 
in the axes; 
D is the diameter of the circular shape containing ele-
ment section or the smaller side of the rectangular ele-
ment; 
Eop is shearing pressure; 
H is the soil thickness at the location of the restraining 
structure; 
c and  are soil strength characteristics [8]; 
 is soil specific gravity; 
 is the inclination angle to the horizon of the sliding 
soil massif. 

Each of the above formulas only partially takes into 
account the strength characteristics of the soil and re-
straining structures. 

 
Definition of unsolved aspects of the problem 
Nowadays, there is no single method for determining 

the width of the cross-section for elements of anti-land-
slide retaining structures with a rectangular cross-sec-
tional shape (or the diameter of elements with a circular 
cross-sectional shape) with a known distance between 
them. 
 

Problem statement 
The main goal of the presented article was to find an-

alytical dependencies that allow determining the fol-
lowing design parameters of discrete anti-landslide 
structures: 

– the width of the cross-section for the elements of 
anti-landslide restraining structures with a rectangular 
cross-sectional shape (or the diameter of elements with 
a circular cross-sectional shape) at a known distance 
between them. 

– the spacing of the anti-landslide restraining struc-
tures elements with a rectangular cross-sectional shape 
(or the diameter of elements with a circular cross-sec-
tional shape) at a known distance between them. 
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Basic material and results  
Equalities (1) - (6) analyzing. 
From equality (1) it follows that the distance between 

the restraining elements is measured in unit fractions, 
which is not correct. In addition,  there is not presented 
the intersection parameters of the restraining structure 
in this formula. Therefore, this dependence will not be 
considered in the future. 

From equality (2) it follows that when the specific co-
hesion is equal to zero (i.e. for absolutely loose soil), 
the distance between the elements of the containing 
structure can be nonzero. This contradicts experimental 
data and modern concepts of the behavior under a load 
of ideally loose soils. Therefore, this dependence will 
not be considered in further research.  

Determining the diameter of the circular cross-section 
or the width of the rectangular element cross-section of 
the restraining structure, the equalities (3) - (6) concern-
ing the parameter "D" were solved. In this case, the fol-
lowing is presented: 

– for the N.N. Maslov solution (original formula (3)): 
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- for the R. E. Hennes solution (original formula (6)): 
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Analysis of formulas (3) - (10), which have a physical 
meaning, allowed us to conclude that they do not in-
clude such an important characteristic as the angle of 
internal friction. 

The following research materials are aimed at solving 
this contradiction. 

The research task was the basis for its solution, the 
assumptions were formulated as follows: 

– upon the destruction of the soil massif interacting 
with the discrete retaining structure, an arch of a fall of 
unit thickness is formed, directed by its convex part to-
wards the shear displacement vector. For the sake of 
simplicity, take it as a pointed arch (see. design scheme 
in Fig. 1); 

– a uniformly distributed load q is applied to the arch, 
which is numerically equal to the ratio of the landslide 
pressure Eop to the thickness of the soil layer 𝐻  

(ie 
H

E
q op ; see Fig. 1); 

It was assumed that the destruction of the soil be-
tween the elements of the discrete restraining structure 
(in the diagram, this soil is indicated in yellow) occurs 
in the center of the arch span.  

– the arches support rest on adjacent elements of the 
discrete restraining structure. In this case, horizontal Rh 
and vertical Rv reactions occur; 

– the rock destruction mechanism is displacement. 
Therefore, its fracture behavior obeys the Coulomb-
Mohr strength condition [8, 9]: 
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where 1, 2, 3 are principal normal stresses;  
 is an angle of internal friction;  
с is a specific cohesion. 
 

 
 

Figure 1 – Scheme for calculating the diameters  
of discrete restraining structures elements  

and the distances between them 
 

– strength characteristics of the soil are known (its 
specific cohesion c and the angle of internal friction φ). 

– known as either the element spacing of the anti-
landslide restraining structure or the cross-section di-
ameter of the element restraining structure of a circle 
shape or the smaller side of the rectangular cross-sec-
tion shape.  

– when the soil is destroyed between the restraining 
structure elements, a fallen arch with a lifting arrow ƒ 
is formed. 

Within the framework of the Coulomb-Mohr strength 
criterion, it is necessary to determine: 

– the section diameter D, to a known element spacing 
of the anti-landslide restraining structure b. 

– the element spacing of the anti-landslide restraining 
structure b, to a known cross-section diameter of the re-
straining structure element D.  

The algorithm for determining the diameter (in the 
case of a circular cross-section) or the smaller side (in 
the case of a rectangular cross-section) of anti-landslide 
restraining structures with a known distance between 
them is shown below: 
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Vertical Rv and horizontal Rh reactions in the arch 
abutment are equal: 
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The following stresses effect the contact between the 
displacement and the restraining structure surface: 

– directed against the shear, is numerically equal to: 
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– directed parallel to the line along which the restrain-
ing structures are placed, is numerically equal to: 
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– vertical, numerically equal to: 

zv    ; (15) 

Of the stresses considered, the largest is the stress due 
to the vertical reaction Rv at the arch abutment, and the 
smallest stress is zero. This is due to the fact that hori-
zontal reactions in adjacent arch abutments cancel each 
other out. In connection with the above, we have: 
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After, substituting the principal stresses (16) into 
the Coulomb-Mohr strength criterion (11) and solving 
the equality obtained in this way concerning the diam-
eter of the restraining structure element D: 
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The equality (17) allows you to determine the safe 
distance between the restraining elements. It is equal to: 
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Equalities (17) and (18) make it possible to deter-
mine the diameters of the anti-landslide discrete re-
straining structure elements for a soil layer of unit 
thickness. Taking into account the entire thickness of 
the sliding soil massif, use in (17) and (18) is  
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The formulas' (19) disadvantage is that they can only 
be applied to homogeneous bases. To eliminate this 
drawback, replace their strength characteristics with the 
weighted average values c  and  . In this case, equal-

ities (19) take the form: 
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where ci , i – strength characteristics i-th soil layer 
with a thickness hi and soil layers number m. 

In general, it was concluded that the obtained formu-
las allow to determine the diameter and elements' spac-
ing of anti-landslide restraining discrete structures. 

In this case, the obtained dependences are free from 
internal contradictions given in formulas (1) - (10). 

These data are very important in the calculation and 
design of discrete restraining structures. 

 
 
 
Conclusions 
In the course of this article, analytical dependencies 

were obtained that allow calculating the step of placing 
discrete anti-landslide restraining structures with a 
known diameter and contrariwise, the diameter (or the 
cross-section width) of discrete anti-landslide restrain-
ing structures with a known step of their placement. 

The obtained simple analytical data can also be used 
as preliminary data for performing calculations using 
modern software systems for soil and material equally. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 



86 Academic journal. Industrial Machine Building, Civil Engineering. – 1 (56)’ 2021 

 

References 
1. Билеуш А.И. (2009). Оползни и противооползневые 

мероприятия. Київ: Наукова думка 
 1. Bileush A.I. (2009). Landslides and anti-landslide 

measures. Kyiv: Naukova Dumka 
2. Гинзбург Л.К. (2007). Противооползневые соору-

жения. Днепр: Лира ЛТД 
 2. Ginzburg L.K. (2007). Landslide structures. Dnipro: 

Lira LTD 
3. Гинзбург Л.К. (1979). Противооползневые удержи-

вающие конструкции. Москва: Стройиздат 
 3. Ginzburg L.K. (1979). Anti-landslide retaining struc-

tures. Moscow: Stroyizdat 
4. Лапидус Л.С., Шадунц К.Ш. (1962). Укрепление от-

косов слабых насыпей сваями. Вопросы геотехники, 5, 
48-55 

 4. Lapidus L.S., Shadunts K.Sh. (1962). Strengthening the 
slopes of weak embankments with piles. Geotechnical issues, 
5, 48-55 

5. Маций С.И. (1991). Взаимодействие свайных рядов 
с грунтом оползней (Автореферат дис. канд. техн. наук). 
С-Петербург: Ленинградский государственный техни-
ческий университет 

  5. Matsiy S.I. (1991). Interaction of pile rows with land-
slide soil (Abstract of the thesis. Candidate of technical sci-
ences). St. Petersburg: Leningrad State Technical University 

6. Маций С.И. (2007). Взаимодействие оползневого 
грунта со сваями с учетом конфигурации удержи-
вающего сооружения. Основания, фундаменты и меха-
ника грунтов, 2, 8-12 

 6. Matsiy S.I. (2007). Interaction of landslide soil with 
piles, taking into account the configuration of the retaining 
structure. Foundations, foundations and soil mechanics, 2, 
8-12 

7. Хилл Р. (1956). Математическая теория пластич-
ности. Москва: ГИТТЛ 

 7. Hill R. (1956). Mathematical theory of plasticity. Mos-
cow: GITTL 

8. Шаповал В.Г, Шаповал А.В., Моркляник Б.В., Анд-
реев В.С. (2010). Механика грунтов. Днепропетровск: 
Пороги 

 8. Shapoval V.G., Shapoval A.V., Morklyanik B.V., An-
dreev V.S. (2010). Soil mechanics. Dnepropetrovsk: Rapids. 

9. Шашенко А.Н., Пустовойтенко В.П., Сдвижкова 
Е.А. (2015). Геомеханика. Киев: Национальный горный 
университет 

 9. Shashenko A.N., Pustovoitenko V.P., Sdvizhkova E.A. 
(2015). Geomechanics. Kiev: National Mining University 

10. Сіренко А.П. (2013). Критична відстань між утриму-
ючими елементами для зсувних та зсувонебезпечних схи-
лів Чернівецької області. Екологічна безпека, 13, 73-76 
https://itgip.org/wpcontent/uploads/2021/03/2019-29-1.pdf 

 10. Sirenko A.P. (2013). Critical distance between re-
straining elements for landslide and landslide-prone slopes 
of the Chernivtsi region. Environmental safety, 13, 73-76 
https://itgip.org/wpcontent/uploads/2021/03/2019-29-1.pdf 

11. Sirenko A.P. To the analysis of methods of calculation 
of stability of use and their classification. Екологічна без-
пека та природокористування, 1(29), 79 - 86 
https://itgip.org/wp-content/uploads/2021/03/2019-29-1.pdf 

 11. Sirenko A.P. To the analysis of methods of calculation 
of stability of use and their classification. Екологічна без-
пека та природокористування, 1(29), 79 - 86 
https://itgip.org/wp-content/uploads/2021/03/2019-29-1.pdf 

12. Угненко Є.Б., Тимченко О.М., Ужвієва О.М., 
Орел Є.Ф., Сорочук Н.І. (2019). Геодезичні дослідження 
при визначенні зсувних процесів на ділянках шляхів спо-
лучення у гірській місцевості Київ: «Кондор» 
http://lib.kart.edu.ua/bitstream/123456789/2230/1/НП.pdf 

 12. Ugnenko E.B., Timchenko A.N., Uzhvieva A.N., 
Orel E.F., Sorochuk N.I. (2019). Geodetic research in the 
determination of landslide processes on sections of commu-
nication lines in mountainous areas Kiev: "Kondor" 
http://lib.kart.edu.ua/bitstream/123456789/2230/1/НП.pdf 

 
 
 
  


