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The article analyzes the research of scientists who studied the work of retaining walls under different soil conditions, and
their contact interaction with the base. Examples of recent designs of retaining walls and their use are given. It is stated that
the goal is to study the stress-strain state of a retaining wall with a structural surface, considering its contact interaction with
the ground mass. The main stages and features of mathematical modeling of the retaining walls and soil foundation interac-
tion in the conditions of a flat problem with the help of LIRA 9.6 software have been described. As a result, the nature of the
retaining wall work has been analyzed under various conditions of interaction with the base and with different parameters of
the retaining wall rigidity. The relationship between the retaining wall rigidity and the resulting equivalent stresses in the soil
foundation under various conditions of interaction has been established. It has been concluded that on the contact surface of
the retaining wall with a structural surface, the effect of stresses redistribution is achieved and the carrying capacity of the
foundation soil is increased due to the formation of elastic cores and unloading arches.

Keywords: finite element method, retaining wall with a structural surface, modeling, stress-strain state.

Mope/ir0BaHHA 3 10MIOMOI010 NporpamMHoro komiviekcy LIRA 9.6
KOHTAKTHOI B3a€EMOJII MiAMIPHOI CTIHU 3 0CHOBOIO
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B craTTi nmpoaHasi30BaHO JOCTIPKSHHs BUCHHX, SIKi BUBYAJIM POOOTY MiAMIPHUX CTiH HPH Pi3HUX IPYHTOBHX yMOBax Ta ix
KOHTaKTHOT B3aeMoii 3 ocHOBOr0. HaBeneHo mpuKiaay OCTaHHIX po3po0OK KOHCTPYKLiH MigmipHUX CTiH Ta 001acTh iX BH-
KOpHCTaHHs. MeTa TakuX JOCHIKeHb TOJIsIra€ y BUBUSHHI HanpyXeHo-aedopMariifHoro crany miamipHoi CTiHHU 31 CTPYKTY-
PHOIO TIOBEPXHEIO 3 ypaxyBaHHIM I KOHTaKTHOT B3aeMOJIi 3 IpyHTOBHM MacuBoM. OIHCaHO OCHOBHI €Tamd i 0COOIHBOCTI
MaTEeMaTHIHOTO MOJENIOBAHHS B3a€MOIII MiMipHOI CTIHU ¥ IPYHTOBOI OCHOBH B YMOBAaX IUIOCKOI 3a7adi 3 JOMOMOTOI0 IPo-
rpamHoro xkomirekcy LIRA 9.6. Y pesynbrari Oyso nIpoBeieHO aHalli3 XapakTepy poOOTH MiAIIpHOI CTIHM HPH Pi3HUX yMO-
BaX B3a€EMOJII 3 OCHOBOIO Ta MPH PI3HUX MapaMeTpax KOPCTKOCTI KOHCTPYKIIl mifmipHOi cTiHu. BUsiBIEHO 3a1eXHICTh MK
JKOPCTKICTIO KOHCTPYKIIT MiIMipHOI CTIHM ¥ €KBIBaJICHTHUMH HAIlpy)XCHHSIMH B IPYHTOBIH OCHOBI, SIKi BHHUKAIOTh IPH Pi3-
HOMaHITHHX yMOBax B3aemopii. Ha mizcTaBi mpoBeneHnX A0CHiIKeHb BCTAHOBIICHO, 10 Ha KOHTAKTHIH MOBEpXHi miamipHOT
CTiHH 31 CTPYKTYPHOIO MOBEPXHEIO JOCATAETHCS e(eKT Mepepo3noaiTy HAMPYKEeHb Ta MiABUIIYETHCS HECyda 3aTHICTh IPYH-
Ty OCHOBH 32 PaXyHOK CYyMiCHOT pOOOTH KOHCTPYKIIi MiAIPHOI CTIHU i OCHOBH, 10 Ae(OPMYETHCS.

Karo4oBi cjioBa: MeTOJ CKIHUCHHX EJIEMEHTIB, MiJIipHA CTiHA 31 CTPYKTYPHOIO MOBEPXHEI0, MOJEIIOBAHHS, HAIPYKEHO-
neopMaIiifHUX cTaH
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Introduction

The pursuit of urban areas rational use leads to the
development and search for new types of structures
that are more economical and less labor-intensive.
A number of requirements are imposed on the ar-
rangement of retaining walls, most of which are based
on a study of the geotechnical conditions of a territory
that requires engineering protection. These structures
in operating conditions are in a complex stress state,
characterized by a large amount of capital costs, com-
plexity and heterogeneity of interaction between the
retaining wall design and the ground.

Special attention is paid to the methods of calcula-
tion and design of these structures in complex engi-
neering and geological conditions. Modern methods of
calculation enable to calculate the load on the wall and
to simulate the stress-strain state of the soil with the
help of software systems.

Methods and programs for calculating retaining
walls were developed on the basis of recent advances
in the field of structural mechanics, the theory of cal-
culating reinforced concrete structures, soil mechan-
ics, and the theory of elasticity, computational
mathematics and practice. The calculation of retaining
walls with design features, considering their joint
work with the ground in areas with complex engineer-
ing and geological conditions, is the basis for further
analytical and practical research.

Review of research sources and publications

Complex geotechnical conditions are geological en-
vironments that include specific soils, hazardous natu-
ral or man-made processes, geomorphological condi-
tions, geological and hydrogeological factors of inter-
action with buildings and structures, belong to the II
and III categories of engineering and geological condi-
tions. Many scientists have devoted their work to the
question of determining the lateral pressure of the soil
on the retaining walls, considering their joint work
with the soil mass.

So, V.F. Rauk [1, 2] investigated the nature and
magnitude of the lateral pressure on the vertical face
of the retaining wall, considering its deformations and
displacement, using the model of a linearly deform-
able quarter-plane, but he did not consider the joint
work of the vertical wall and foundation as a single
system interacting with the ground. E.I. Chernysheva
[3] investigated the question of the influence of the
vertical wall flexibility on the value of the lateral pres-
sure of the soil.

I.Ya .Luchkovsky [4], using the method of superpo-
sition, gives a solution to determine the lateral pres-
sure of the soil on the retaining walls from narrow
loads and concentrated force. He draws attention to
the attenuation with the depth of the lateral pressure of
the soil from the load. However, these authors in de-
termining the lateral pressure did not consider the joint
work of the vertical wall and the foundation as a sin-
gle system that interacts with the ground.

ILA. Simvulidi [5] calculates a flexible retaining wall
considering the interaction of all its elements with the
ground, but introduces a linearly deformable half-

plane as a model of the ground, both filling and base,
which is not entirely correct. In addition, this method
does not enable to consider the influence of the load
on the stress-strain state (SSS) of the system.

A significant amount of research is devoted to the
number of works on the dynamics of these structures,
especially considering the elastoplastic properties of
their materials, is significantly less [8, 9]. Usually, dy-
namic calculations are performed if the structure is
subject to pulsed, vibratory or moving loads [10].

Definition of unsolved aspects of the problem

When building retaining walls in difficult geotechni-
cal conditions, it is necessary to achieve: an increase
in the stability and strength of the retaining walls; cost
reduction of used building materials; reducing the
volume of earthworks; reduction of non-uniformity of
deformations; reduced construction time; improve-
ment of the conditions for filling and compacting the
backfill; increase of operational reliability, quality of
performance of work and increase in service life of re-
taining walls. Thus, to assess the SSS retaining walls
of the corner profile, it is necessary to consider the
joint operation of the entire wall with the ground and
the use of more reasonable soil models in the area of
its vertical and horizontal elements.

Problem statement

The aim of the research is to study the stress-strain
state of a retaining wall with a structural surface
(RWSS), considering its contact interaction with the
ground mass.

Basic material and results

The current regulatory documents recommend that
when calculating retaining walls to perform calcula-
tions to determine the stability of the position of walls
against shear, tipping, turning, to determine the local
strength of the base and its bearing capacity, the
strength of structural elements and joints should be
ensured. It should be made calculations for base de-
formations. In difficult engineering and geological
conditions, which are characterized by vertical and
horizontal displacements of the base, which causes
complex deformations in the construction of retaining
walls. In such conditions it is impossible to implement
the existing calculation methods [11, 12]. Earlier ex-
periments on physical modeling [13—15] show areas
of formation of elastic and plastic zones in the contact
interaction of the RWSS and the deformable base.

It is known that even at low loads the soil goes into
an elastoplastic state; therefore, this factor must be
taken into account in the calculations. The theory of
plastic flow with hardening is used, since deformation
theories are not applicable under complex loading
[16]. In this formulation, the problem considered here
is studied for the first time. The calculation of retain-
ing walls with a structural surface with regard to its
joint work with the ground is not considered.

A promising area of research for the «retaining wall
— ground» system is the use of mathematical modeling
methods based on numerical analysis methods.
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The most common today the finite element method
(FEM) is, which forms the basis of modern software
systems for calculating building structures, buildings
and structures. FEM is most suitable for problems
with a developed non-uniformity of strength charac-
teristics. Compared with the classical variation meth-
ods, the FEM is more flexible in setting geometric pa-
rameters and boundary conditions, visual and univer-
sal for a wide range of tasks. At the same time, it is
possible to choose different soil models for solving the
set task. Regulatory documents currently in force in
Ukraine [17-19] recommend performing calculations
using software systems in which the FEM is imple-
mented.

Digital and finite element models of the usual retain-
ing wall and RWSS are presented in fig. 1 and 2.
The retaining wall rests directly on the soil,
represented by loam, and loam is also taken as the fill-
ing soil.

a)

The calculation of the stability and strength of the
retaining wall was performed by the FEM method us-
ing the LIRA 9.6 software package. Characteristics of
the soil are given in table.1.

Table 1 — Characteristics of stiffness

Stiffness Name Stiffness
type parameters
CE 284 Foundation E = 1800 t/m”
soil, backfill v=0,35
soil H=100cm
C=19,51 kPa
R,=0,15t/m’

b)

Figure 1 — Models of the usual retaining wall:

a — digital model; b —

a)

finite element model

b)

Figure 2 — RWSS models:

a — digital model; b —

finite element model
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Table 2 — Comparison of retaining walls

Plain corner retaining wall

Retaining wall with structural surface

1

Isopole displacement, mm

Voltage mosaic Nx, kPa

== =

L

Voltage mosaic Nz, kPa

=

mm

Isopole voltage Tzx, kPa

136

Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (52)' 2019.




RWSS has vertical and horizontal elements on the
surface, which are located on the contact side, sup-
porting parts and voids in the form of truncated pyra-
mids of the same size and directed by a smaller base
into the vertical and base elements [20].

The monolithic angular retaining wall consists of a
base plate, which has voids and supporting parts,
which are located on the sole and on the back side of
the vertical element. The soil is directed into voids,
which have the shape of truncated pyramids. Under
the sole of the base plate and on the back of the verti-
cal element are two sheets of elastically flexible mate-
rial. With the development of a deforming load in
time, that is, with the vertical and horizontal dis-
placements of the ground in relation to the monolithic
wall of the corner type, after its installation, the soil
gradually penetrates into the voids. Premature filling
of voids is prevented by sheets of elastically compliant
material.

The modeling of the operation of the RWSS and
non-uniformly deformable base was carried out in the
Lyra 9.6 software package under the conditions of a
flat problem. It enabled to perform numerical model-
ing, calculation and design of such structures, consid-
ering the real soil conditions.

The modeling process was carried out in three
stages: the creation of the calculated finite element
model of the structure; creation of a calculated finite
element model of a soil massif; contact surface model-
ing “buried construction - soil massif”.

To create a computational finite element model that
considers the joint operation of structures with a
ground massif, finite elements were used: KE 284 — a
physically nonlinear universal rectangular for a planar
problem (soil); CE 10 — universal spatial rod; CE 21 —
rectangular CE for a planar problem (beam-wall); CE
22 — triangular EC for a plane problem (beam-wall);
CE 30 is a quadrilateral EC for a plane problem
(beam-wall) [21].

The finite element model (QE model) has deforma-
tion boundary conditions, namely, the movement of
the upper nodes of the model extreme points, is lim-
ited. The model height is taken from considerations of
the wall joint work and the surrounding massif, which
is composed of loams.

CE-models are provided with deformation character-
istics - elastic modulus E and Poisson's ratio v, RO is
the specific weight of the material. After specifying
the CE-model stiffness, the load values in the load
cases should be specified.

Analyzing the horizontal movements of retaining
walls, it can be concluded that there is an insignificant
difference in the values for both structures, with the
same soil conditions and loading.

At the same time, the obtained values of
Nx = 0.78 kPa, Nz = 1.57 kPa, Txz = 4.70 kPa
show a decrease in contact stresses, whereas for a
typical retaining wall they were Nx = 1.96 kPa,
Nz =4.9 kPa, Txz=11.76 kPa.

SSS of finite element models of retaining walls are
presented in Table 2.

In this study, the LIRA 9.6 finite element software
package was used to simulate the retaining wall,
which is a finite element software method and has
been at a continuous improvement stage for many
years.

The backfill of the ground and ground of the base
was modeled using the Coulomb — Mohr model,
which is an elastic-plastic model capable of consider-
ing the expansion of the ground. Considering the fact
that the retaining wall is much more rigid than the
foundation and backfill primer, all elements of the re-
taining wall were adopted as an elastic material.

Conclusions

The calculation results have confirmed the experi-
mental studies carried out earlier. Mathematical mod-
eling enabled to demonstrate the voltage reduction on
the contact surface. Phased filling of voids leads to a
uniform distribution of deformations, which in the
long term increases the structure life, thereby provid-
ing an economic effect. The peculiarity of the design
of the RWSS, when the soil interacts with the struc-
tural surface, increases the base bearing capacity due
to the construction joint work of the retaining wall and
the deformable base.

As a result of this work, scientific results have been
obtained:

— the features of the base and structure SSS in the
flat base conditions — retaining wall system have been
identified and analyzed using the model in the LIRA
9.6 software package;

— the influence of the structural surface use of the
RWSS on the soil foundation SSS during their contact
interaction has been investigated;

— it has been recorded that the main stresses in a
number of sections in the RWSS models are less than
the stresses in the ordinary wall models by 15-18%.
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