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The article presents the variable task formulation and implementation of finding a rational outline of the waiting wall back
face. In the Coulomb theory framework, an analysis is made of a system consisting of a retaining structure and soil pressing on
it for the formulating a rational design problem possibility. The possibility of formulating the problem of finding the rational
rear face geometry of the retaining wall within a given horizontal projection is shown. The substantiation of the energy ration-
alization method operation in solving the problem under consideration is given. The proposed approach allows a variable
method to determine the surface configuration of the retaining wall, rational from the standpoint of the accepted criterion.
The example given in the work clearly proves the correctness of the problem and its solution statement.
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Tpancdopmanis 30BHIIIHBOI reoMeTpil KOHCTPYKUIl MIAMIPHOI CTiHK
NpH panioHagizanii napaMeTrpiB cHCTeMH
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Ilomano mocTaHOBKY i peamizaliifo BapiaTHBHOI 3ajadi MONIYKY ONTHMAaJbHOTO OOpHCY 3aIHBOI IpaHi MiAMIpHOI CTiHH.
V pamkax teopii KynoHa npoaHasizoBaHO CHCTEMY, L0 CKIAJA€ThCS 3 MiAMIPHOI KOHCTPYKIIi i IPYHTY, L0 JAABUTh Ha Hei,
IIO/T0 MO>KJIMBOCTI ITOCTAHOBKH 3aBJIaHHS PAIliOHATEHOTO IIPOEKTyBaHHA. Ha mpocTomy nmpuxiazi mokazaHa MOXIIUBICTB ITOC-
TaHOBKY 3aJ[a4i MOIIYKy palioHaJbHOI TeoMeTpii 3aJHb01 IpaHi MiAMIPHOT CTIHU B paMKax 3alaHO{ TOPU30HTAIBHOT MPOEKIIi.
HaBesneHo oOTpyHTYBaHHs eKCIUTyaTallii €HEpreTMHYHOro METOAYy palioHai3alil Hpu po3B’si3aHHI HaBEAEHOI 3ajadi.
CyTb NPOIIOHOBAHOI'O METOLY MOMIYKY PallioHaNIbHOT reoOMeTpil 3a1HbOT IrpaHi miAmipHOT CTIHK MOJISIrae B apoOKCUMALIiT TTOBe-
PXHi miAnipHOT CTiHK JIaMaHOIO JiHi€0. [I1st KOXKHOT TUISTHKK JJaMaHOT JIiHiT BUBEACHI KJIFOYOBI 3aJISKHOCTI 1O BIUTHBY Ha Xa-
paKTep HanpyXXeHO-1e(GOPMOBAHOTO CTaHy KOHCTPYKLIl, 30KpeMa B Liil IOCTaHOBL, HA BEJIMYHHY 3rMHAIBHOIO MOMEHTY B
3aTHCKaHHI. BUBeeHO KITIOYOBI 3aI€XHOCTI ¥ ONMMCaHO adropuT™ po3B’s3aHHs 3anadi. [TokazaHo, M0 MPY 3aaHUX XapaKTe-
PHCTHKAX 3aCHITKU BEJIMYIHA MOMEHTY B 3aTHCKaHHI (paKTHIHO MOXKe OyTH oIMcaHa dyepe3 KOMOIHaMiI0 KyTiB HAXMITY KOXKHOT
3 IUISTHOK, a B 3aralbHOMY BUIUIAI TaKnuX KoMOiHaIii Oe3iid. 3agada 3Be/ieHa 0 MOUIyKy Takol KoMOiHamii KyTa ai, IpH SIKil
BBe/ICHMIT KpuTepi (y po3IIIIHYTii IOCTAaHOBIII MOMEHT y 3aTHCKaHHI) 3aiiMe CBO€ 3HaUeHHs BHU3Y. Peaizamis mixxogy mpo-
JIEMOHCTPOBaHA Ha YNCEJILHOMY NPHUKJIAi. 3alPOIIOHOBAHHHM Mi/Xi/ 103BOJISE BapiaTUBHUM METOJIOM BU3HA4aTH KOHQIrypa-
{0 MMOBEPXHI MiAMipHOI CTiHHM, palliOHAJBHY 3 MO3MLIT IPUIHHATOr0 KpuTepito. HaBeneHuii y poOoTi IpHKIIa ] HAOYHO JOBO-
JIUTh KOPEKTHICTh MOCTAaHOBKH 3a/a4i Ta 11 po3B’sa3aHHsA. BUKOpHUCTaHHS bOr0 METO/Y JIOLIbHE B iHpopMaLiiiHOMY cepeo-
BUILI 00YMCIICHHS. 30KpeMa, NPAaKTHYHE 3aCTOCYBAHHS HABEICHOT'O MiJXOAy MOXJIMBE IUIIXOM ITOCTAaHOBKHU i PO3B’A3aHHS
3aBJIaHHS JIIHIITHOTO POrpaMyBaHHs CHMILICKC-METO/IOM.

KonrouoBi c1oBa: migmipHa cTiHa, KpUBONIHIHHA TOBEPXHS, alpOKCHUMAIis, IT00YI0BA arOPUTMY, BapiallifHIH MMiaXiz
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Introduction

Considering the search for optimal forms of load-
bearing elements, it can be recognized as useful "excur-
sions" for specialists who solve complex problems of
generating constructive and architectural forms to
botany, biology and even physiology. Technical deci-
sions can be effectively parallel with the evolutionary
nature of "experience" for a period of tens of millions
of years. Construction of optimal forms that are funda-
mentally close in their constructive geometry to natural
bearing (self-bearing) objects of living nature. At the
same time, faced with significant cumbersomeness and
complexity of mathematical operations generated by
the nonlinearity of physical and geometric relationships
between the parameters that determine the solution.
Considering the rapid development of the IT sphere in
recent years, in particular, in the field of building struc-
tures design, there is a wide opportunity for creating al-
gorithmic, software methods for finding the optimal
forms of load-bearing elements.

Review of research sources and publications

Structural elements of buildings and structures that
perceive the sideload from a bulk material refer to sys-
tems at which the magnitude and nature of the load di-
rectly depend on the configuration of the element that
receives this load. The generally accepted theory of the
pressure of an incoherent loose material on a side sur-
face, in particular, soil on retaining walls, is the
Coulomb theory. [1]. According to this theory, the pres-
sure of the bulk material on the lateral surface depends
on the lateral pressure coefficient A, which is trigono-
metric depending on the angular parameters of the sys-
tem (the internal bulk material angle, the angle of wall
inclination to the vertical, the angle of filling inclina-
tion) [8-12].

In the field of structures research that perceive the
side pressure of a bulk material, an exact solution is
known in the form of the 4th-degree equation [4, 5].
This equation describes the mutual configuration influ-
ence of the bulk material side pressure plot and the cur-
vature of the surface receiving this pressure. This solu-
tion is obtained for a static statement. According to the
solution, the slope angles of the tangent curve are set,
which provides a given pressure profile. Thus, the mag-
nitude and nature of the pressure depend on the surface
curvature, and vice versa.

Definition of unsolved aspects of the problem

The described solution demonstrates the mathemati-
cal relationship between the curvature of the surface
that perceives lateral pressure from a granular medium
and the distribution nature of this pressure. At the same
time, this solution assumes only a numerical relation-
ship between the parameters mentioned. There is no an-
alytical relationship between the functional describing
the configuration of the retaining wall and the lateral
pressure plot. At the same time, each individual retain-
ing wall configuration has a unique lateral pressure dis-
tribution and hence a unique distribution of internal
forces. If the system "retaining wall - backfill soil" is

constrained, for example, in the form of the wall hori-
zontal projection constancy or maximum displace-
ments limitation, it is possible to find its outline, which
will predetermine the minimum of the accepted crite-
rion [6,7]. The criterion here can be the volume of ma-
terial, cost, the maximum principal stresses value, the
value of the system deformation potential energy, and
others.

Problem statement

Taking into account the presented information, pro-
posed a variable method for finding a rational surface
of a retaining wall. The method essence consists etc.

A cantilever retaining wall of arbitrary shape has pre-
determined external dimensions — horizontal B and ver-
tical H projection of the system. The wall is divided into
n linear sections (Fig. 1). Each section has an inherent
only slope angle a;, which lies in the range a; € [¢; 90°].
The horizontal projection of the system defined as:
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The distributed pressure of the bulk material at the
base and top of each of the sections g1, is respectively
determined by the expressions:

g =H—-hxi)yl; 2

qi2=H—-hG-1)yA; 2

where: y — the bulk density;

Ai — the lateral pressure coefficient of the bulk mate-
rial.

The distributed pressure of the bulk in the area of the
site is reduced to a concentrated force acting normal to
the site (Fig. 2), which is defined as
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Figure 1 — Curvilinear generatrix approximation
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The point coordinates of the concentrated force appli-
cation relative to the section base are determined by the
expressions:
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Figure 2 — The pressure of the bulk
in the form of concentrated forces

The diagram of the bending moment from the action
of the j-th force will have the form shown in Fig. 3.
The bending moment magnitude A;; at the base of the
i-th section (point D;) from the action of the j-th force
is determined as

M, ;=0;xDC ; ©)

where D;C;; — normal from the base of the i-th section
(D) to the vector of the j-th force (Fig. 3), determined
by the expression:
-1
bo,j +21] b,

1

DC,  =|—=————+h-(j—i)+h, ; |sin(;).(10
¥ P (j—i)+h, ; sin(e;) - (10)

The general diagram of moments is the sum of all di-
agrams M;, from the force Q; to the force Q,.
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Figure 3 — Plotting bending moments

The energy criterion of rationalization is introduced
into consideration. As applied to the problem, its inter-
pretation is as follows: within the given constraints, it
is necessary to find a retaining wall configuration, in
which the potential energy of deformation (PED) will
take a minimum value [2, 3].

Analytically, the potential energy of deformation can
be represented as the sum of the partial (PED) Uj o
from the each of forces action in the section from 1 to
n of the force

(11)

The partial PEDs Ui, from the action of the j-th
force are the sum of the volumes of the truncated pyra-
mids (Fig. 4) in the sections from i = 1 to i =j. On the
sections from i = 1 to i =j-1 at the base of the truncated
pyramid (the volume of the truncated pyramids - U;)
there is a square with sides M;;, at the top - a square
with sides M1, the height of the pyramid - /;. The up-
per pyramid is a special case - a non-truncated pyramid
(the volume of a non-truncated pyramid - U)) of height
lo, j, at the base of which there is a square with an edge
M;;. The particular PED values for each of the sections
are determined by the expression:

J»tot *

n
1
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Figure 4 — To the definition of PED
from the action of force in the i-th section

The arbitrary curvature of the rear face curved gener-
atrix has its unique combination of the inclination an-
gles o; of each of the sections, which it can be described
by. With an increase in the number of sections n in the
limit, the broken line tends to a curved outline. With the
given characteristics of the bulk (¢, y), the PED value,
in fact, can be described through a combination of the
inclination angles ai of each of the sections, and in gen-
eral, there is an infinite number of such combinations.
Varying the configuration of the retaining wall lateral
surface, it is possible to find such a geometry at which
the PED value will take a lower value. Then the prob-
lem is reduced to the search for such a combination of
ai, for which the introduced criterion (in the considered
formulation, PED) will take its lower value.

Basic material and results

The stated formulation of the problem presupposes an
iterative method of finding the rational outline of the
retaining wall. With an increase in the steps of dividing
the system in the horizontal and vertical directions, the
number of virtual variants that form structures in-
creases significantly. To determine the number of vari-
ants of the structure generators, depending on the mag-
nitude of the horizontal and vertical steps of the parti-
tion, we reduce the problem under consideration to the
classical problem of combinatorics.

From each row, you need to select any one number
mi so that the sum of all mi equals 7 -1:

i=m

>m;=n—1.
1

In the table 1 n — the number of columns, m — rows.
Each line looks like 0,1,2...i.

Table 1 - Determination of the number of variable

options
n

1 2 3 J
1 0 1 2 i-1
m 2 0 1 2 i-1
3 0 1 2 i-1
0 1 2 i-1
i 0 1 2 i-1

One variation of C is a combination of m-values from
1 to m;, which adds up to n-1. The problem is formed as
follows: for a given n and m, how many variations of C
can be constructed.
The solution is determined by dependency
m—1 (n +m-— 2) !

o =D -1)!

Using the obtained expression, it is possible to deter-
mine the number of variants of generators depending
on the number of vertical and horizontal sections of the
system partition (Table 2). From the given data it fol-
lows that when the system is divided into 10 vertical
and 10 horizontal sections, the number of variants
forming the system under study is close to 100 thou-
sand. The foregoing leads to the need to search for in-
formational ways to solve the problem.

To implement the solution, a script was written in the
Dynamo visual programming environment (Fig. 5).

For a clear demonstration of the operation of the pro-
posed approach, we present the simplest example of its
applications. Let us set the initial data of the retaining
wall and the soil acting on it: vertical projection
H = 10m; horizontal projection B = 5 m; the volumetric
weight of soil y = 1.5 /m?; angle of internal friction of
the soil ¢ = 30°; the number of subdivisions # = 10.

In accordance with the formulation of the problem,
such a combination of the angles of inclination of each
of the sections is determined, which will predetermine
the minimum PED of the system. To generate the as-
signed angle values, the Refinery add-in was used,
which is aimed at solving such problems. Here you set
such parameters as a limitation for the magnitude of the
angles, the magnitude of the horizontal projection, the
criterion for finding a rational solution, the accuracy of
the solution and the number of options under consider-
ation. Out of the calculated 1000 variants, such a con-
figuration was found in which the PED of the system
took the minimum value (Fig. 6).
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Table 2 — The number of variants of the generating structure

Number of sections horizontally, n
1 2 3 4 5 6 7 8 9 10
2 2 3 4 5 6 7 8 9 10 11
3 3 6 10 15 21 28 36 45 55 66
.8 4 4 10 20 35 56 84 120 165 220 286
g i 5 5 15 35 70 126 210 330 495 715 1001
% % 6 6 21 56 126 252 462 792 1287 2002 3003
_qg 15:: 7 7 28 84 210 462 924 1716 3003 5005 8008
g 8 8 36 120 330 792 1716 3432 6435 | 11440 | 19448
Z 9 9 45 165 495 1287 3003 6435 | 12870 | 24310 | 43758
10 10 55 220 715 2002 5005 | 11440 | 24310 | 48620 | 92378
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Figure 6 — Solution result

30.6431997713589

I

30ipHUK HayKOBHX mIpails. [ amy3eBe MammHOOyAyBaHHs, OymiBHUITBO. — 1(54)° 2020

59




Conclusions

The proposed approach allows using the varia-
tional method to determine the configuration of the
retaining wall surface that is rational from the stand-
point of the accepted criterion. The example given in
the work clearly proves the correctness of the prob-
lem statement and its solution. In general, with a
much larger number of sections n, the broken gener-
atrix of the retaining wall rear face is smoothed and
tends to a curvilinear outline. In further research, it
is of interest to formulate and solve this problem us-
ing linear programming methods.
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