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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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B nanuii yac He icHye €AMHOT METOMKH BU3HAYEHHS IIMPHHHM NONIEPEUHOTO Mepepisy Ul eIEMEHTIB IPOTU3CYBHUX YTPUMY-
FOYNX KOHCTPYKIIH 3 MPSIMOKYTHO (OPMOFO MOMIEPETHOTO Tiepepi3y (abo miaMeTpy eIeMEeHTIB 3 Kpyriiorw (GopMoro momnepe-
YHOTO Mepepidy) MpH BiIOMil BiICTaHI Mk HUMH. ByJio IPOBEICHO TEOPETHYHI JOCIIIKEHHS TEOMEXaHIYHHUX MTPOIIECIB 3 BH-
KOPHCTaHHSM aHAJTITHYHHX 1 YHUCEIbHUX MAaTEMaTHYHUX METO/[iB. BUKOHAHO aHAII3 1 y3araJbHEHHS Pe3yJbTaTiB TCOPETHYHUX
Jociipkenb. [IpencraBiaeHo anropuT™ BU3HAYEHHS AiaMeTpy (B pasi HONEpedHOro nepepisy Kpyrioi ¢popmu) abo MeHIIol
CTOpOHH (B pa3i MOMEpevHOro nepepisy NpsiMOKYTHOIT (POPMH) MPOTH3CYBHUX YTPHUMYIOUNX KOHCTPYKLiH IpH BioMiii BigcTaHi
MK HUMH. B pe3ynpTaTi OTpUMaHO aHaNITHYHI 3aJI€)KHOCTI, 1110 03BOJISIIOTh BU3HAUUTH: [IMPUHY MTOTIEPEUHOTO Mepepi3y st
€JIEMEHTIB MPOTU3CYBHUX YTPUMYIOUNX KOHCTPYKIiH 3 MPSIMOKYTHOIO (hOPMOIO MOTIEPEYHOTO repepisy (abo miamerpy eneme-
HTIB 3 KPYIJ1010 (hOPMOIO TONIEPEYHOT0 Hepepidy) MpH BiOMIi BiacTaHi MiXk HUMH, KPOK PO3CTAHOBKHU €JIEMEHTIB IIPOTH3CYB-
HUX YTPUMYIOUNX KOHCTPYKIIH 3 IPSMOKYTHOIO (hOPMOIO OIEPEYHOTro Iepepily (abo piaMeTpy eleMeHTIB 3 Kpyrio Gop-
MOIO TIOTIEPEYHOTr0 Nepepily) IpH BimoMil Bifcrani Mix HUMH. OTpUMaH] aHATITHYHI JaHI TAaKOXX MOXXYTb OyTH BHKOpPHCTaHI
B SIKOCTI TIOIIEPE/HIX JAHUX IIPH BUKOHAHHI PO3PaXyHKiB 3 BAKOPHCTAHHSIM CYYacHHUX MPOIPAMHUX KOMILIEKCIB 5K [0 IPYHTY,
TaK i 110 MaTepiay.

Kurouogi ciioBa: 3cyB, yTpuMyioda KOHCTPYKIIisl, AiaMeTp €IEMEHTY, IIUPHHA EJIEMEHTY KPOK SJICMEHTIB.
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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;
E,, is shearing pressure;
H is the soil thickness at the location of the restraining
structure;
¢ and g are soil strength characteristics [8];
y1s soil specific gravity;
ais 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 S.I. Matsiy solution (original formula (5)):
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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);

— auniformly distributed load q is applied to the arch,
which is numerically equal to the ratio of the landslide
pressure E,, to the thickness of the soil layer H

(e g =22, see Fig. 1)
ie g =——; see Fig. 1);
q I g

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 R;,
and vertical R, 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 o1, o, o3 are principal normal stresses;

@ 1is an angle of internal friction;
¢ is a specific cohesion.
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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 ¢ and the angle of internal friction ¢).

— 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 f
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 .

— 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 R, and horizontal R; reactions in the arch
abutment are equal:

R =4t
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Rh=q81;; (12)
E
el
9=—7

The following stresses effect the contact between the
displacement and the restraining structure surface:
— directed against the shear, is numerically equal to:
R, q-b

GR =

=1 . 13
v D 2D (13)

— directed parallel to the line along which the restrain-
ing structures are placed, is numerically equal to:

R b’
op, ==L (14)
D 8-f-D
— vertical, numerically equal to:
o, =yZ; (15)

Of the stresses considered, the largest is the stress due
to the vertical reaction R, 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:

Rv qb
%= = ap
: (16)
0-2:0

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:

q-b 1-—sin(p)

p=1".
cos(¢)

e (17)

The equality (17) allows you to determine the safe
distance between the restraining elements. It is equal to:
_4-c-D cos(p)

b - .
q 1—sin(p)

(18)

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 ¢ and ¢ . In this case, equal-

ities (19) take the form:
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where ¢; , @ — strength characteristics i-th soil layer
with a thickness /4; 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.
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