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The retaining walls are one of the most widespread types of engineering structures. Behaviour numerous studies of various
soils with soaking have showed that their bearing capacity and compliance are closely related to their moisture content de-
gree. To obtain information on the displacements and sediments of model structures and grounds, the hour-type indicators are
used. The carried out researches have shown that with the same ground base, loading and boundary conditions, evident for a
retaining wall with a structural surface, there is an inclusion in entire soil massif work. The uniformity of the structures and
the ground base general deformations, in turn, provides retaining wall with a structural surface greater stability.
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PaccMOTpeHO POEKTHPOBAHKE B YCIOBHUAX Je()UINTA TOPOACKUX TEPPUTOPHUH, KOTOpOE TpeOyeT OT HHKEHepa KOMILIEKCHO-
ro Nmojxoja Ul pelleHUs 3a1ad HaJeKHOW SKCILIyaTallMM 3JaHUH U COOPY:KEHMH U COXPAaHEHMs OKpYXKAroLeH cpenbl.
Y CTaHOBJIEHO, YTO TOANIOPHBIE CTEHBI — OAWH W3 HanOoJiee MUPOKO PAaCIIPOCTPAHEHHBIX BUOB HHXCHEPHBIX COOPYKEHUIH,
KOTOpBIE HAILIM PUMEHEHHE B CTPOUTENBCTBE. V3ydeHO MHOTOYHCIIEHHBIE HCCIEOBAHNS TIOBEICHHS PA3INYHBIX TPYHTOB
[pU 3aMavMBaHUH, IPU 3TOM 3aUKCHPOBAHO, YTO UX HECYIIas CIIOCOOHOCTh M MOJATIMBOCTD (3KECTKOCTH) HaXOMAATCS B TEC-
HOH 3aBHCHMOCTH OT CTENECHU MX BIAXHOCTH. OTMEYEHO, YTO MOBHIMICHHE BIAKHOCTH COMPOBOXKIACTCS CHU)KEHHEM JKECT-
KOCTHBIX XapaKTEepUCTUK OCHOBAHMUS, YTO MOXKET BbI3BAaTh HEpaBHOMEpHOE ocefaHue. C LEeNblo OIpeseeHHs ONTHUMAIbHBIX
KOHCTPYKTHBHBIX IIapaMeTPOB IPEII0KEHHOI KOHCTPYKIUY IOANOPHON CTEHBI CO CTPYKTYPHOH MOBEPXHOCTHIO IIPOBEICHO
SKCIIepUMEHTANIbHEIE UcCiIefoBaHus. [ moixydeHus MHGOpMAIUH O CMEHICHHUSX M OCaJKaX MOJEIBbHBIX KOHCTPYKIMH U
OCHOBAHUS MCHOJB30BaHbl HHAMKATOPHI YacoBoro tumna MY-10, nporndomepst 6-ITAO. OnpeneneHo, 4TO PU OJHHAKOBOM
TPYHTOBOM OCHOBaHHH (T€OMETPHS CJIOEB U (PU3MKO-MEXaHWYECKUE XAPAKTEPHUCTHKH), Harpy3ke M I'PAaHUYHBIX YCIOBHSAX
OYEBHIHBIM U1 HOATIOPHON CTEHKH CO CTPYKTYPHOH MOBEPXHOCTBIO €CTh BKIIOUCHHE B pabOTy BCETO MacCHBa IPyHTA H pa-
BHOMEpHOE TIepepacnpeeeHie HaNpsDKeHUH Ha KOHTAKTE 10 JUNEBOH W (GyHAAMEHTHOW miuTaM. PaBHOMEPHOCTH 00IIUX
nedopManuii KOHCTPYKIMH ¥ TPYHTOBOT'O OCHOBAaHUS, B CBOIO OuYepe/lb 00ecIednBaeT OOJIBIIYI0 YCTOWYMBOCTE MOIOPHOM
CTEHBI CO CTPYKTYPHOH IOBEPXHOCTHIO, a TAKKEe IOBBIMIAET HECYIIYI0 CIHOCOOHOCTH OCHOBAHHMS 3a CUCT BO3HHKHOBEHUS
«apouyHoro» 3¢ ¢pexra (0Opa3oBaHUE PA3TPY30YHBIX CBOJIOB U YIPYTHX SAEP).

Knrw4ogi ciioBa: PE3YJIbTAThI DKCIIEPUMCHTA, IIOANIOPHAA CTCHA, CTPYKTYPpHAad NOBEPXHOCTh

306ipHrK HaykoBuX mpaib. Cepis: ['any3eBe MammHoOy1yBaHHs, OyaiBHUITBO. — 2 (51)' 2018. 139




Introduction. In connection with a significant in-
crease in investment in the construction industry and,
accordingly, production volumes in the conditions of a
deficit in urban areas, especially in the last decades of
Ukrainian economy development, the use of sites with
complex terrain and hydrogeological situation has
sharply increased. Design in such conditions requires
the engineer to take an integrated approach to solve
problems of buildings and structures reliable operation
and preserve the environment, and construction on un-
suitable territories is associated with solving social,
economic and environmental issues.

The retaining walls are one of the most widespread
engineering structures types, which have found appli-
cation in industrial, civil, urban, road and railway con-
struction. To the arrangement of the retaining walls, a
number of requirements are presented, most of which
are based on the territory geotechnical conditions
study, which requires engineering protection.

According to expert estimates, 90% of Ukraine terri-
tory is characterized by complex engineering and geo-
logical conditions, deteriorating due to the impact of
natural and man-made factors [1].

Analysis of the latest sources of research and
publications. The current normative documents rec-
ommend that calculations for determining the walls
position stabilityagainst shear, tilting, turning, deter-
mining base local strength and its load-carrying capac-
ity should be carried out in calculating the retaining
walls, structural elements and joints strength should be
ensured. Calculations should be made on base defor-
mations. But in the conditions of extra work areas and
subsidence grounds, it is not always possible to im-
plement the available technical solutions, since they
are not suitable for working conditions. The existing

retaining wall designs are not designed for additional
forces from horizontal soil displacement, which
causes stress concentration in the lower part of the
faceplate, which leads to structure destruction [2, 3].

Behaviour numerous studies of various soils (loess
subsidence, gypsum, hacked, karst, etc.) with soaking
showed that their bearing capacity and compliance (ri-
gidity) are closely related to the degree of their mois-
ture content. At the same time, an increase in humidity
is accompanied by a decrease in the base rigidity char-
acteristics, which can cause uneven subsidence [4, 5].

Allocation of previously unresolved parts of a
common problem. Experimental studies have shown
that the stress-strain state of the substrate is largely de-
termined by the structure, operating conditions and
loading characteristics [2]. In this regard, there is a
need to develop new design solutions for retaining
walls capable of perceiving additional impact from an
unevenly deformable base.

Formulation of the problem. The aim of the work
is obtained during the experiment on the retaining
walls with a structured surface study results process-
ing and analysis. To process the experiment results, a
software package MS Excel has been used.

In order to determine the optimal design parameters
of a retaining wall with a structural surface proposed
design, and to identify the qualitative patterns of its
joint work with the base, an experiment was con-
ducted.

The experiment was carried out on small-scale mod-
els in a specially designed chute (fig. 1). At modeling
the method of the expanded similarity, where geomet-
rical, mechanical and power analogues with a real ob-
ject are maintained [6, 7], was applied.
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Figure 1 — Experimental research:
a) scheme for installing a retaining wall in the tray;
b) general view of the tray with installed wall and measuring devices
140 Academic Journal. Series: Industrial Machine Building, Civil Engineering. —2 (51)" 2018.




As a base soil in the models, a loam of broken struc-
ture was used. To create a uniform foundation, the soil
was dried to a full loss of moisture and crushed by
grinding in a mortar to a powdery state. Then the re-
sulting powder was sieved through a sieve with a hole
diameter of 0.5 mm. Considering the necessary soil
moisture content, its density and volume determined
the necessary amount of powder and water for its
moistening. Humidification was carried out by a nebu-
lizer with mixture constant stirring. Paste base was
laid in layers of 15 mm, the compaction was carried
out by a rammer made in the form of a rod with a
welded base of a square cross section of 200 g.
The purpose of preparing the model base was to ob-
tain physicomechanical characteristics similar to natu-
ral soil.

Loams with the following -characteristics were
simulated (E = 13,5 MPa, ¢ = 19,5 kPa, y = 1,82 t/m’,
¢ =22).

The base model physical and mechanical properties
were determined using the PLL-9 field laboratory in
accordance with the methodology [8]. The strain
modulus was determined with the help of a compres-
sion device of the Litvinov system. The coefficient of
soil cohesion and the internal friction angle were
determined by means of a shear device P10-S.
Sampling was carried out from a tray with a step
height of 150 mm, the results of certain characteristics
are presented in (table 1), soils comparative character-
istics are presented in (table 2).

Structural features of the retaining wall with a struc-
tural surface: a monolithic retaining wall of the angu-
lar type, which has voids on the contact surface of ver-
tical and foundation elements, in the form of truncated
pyramids of the same size and directed in a smaller
base into the interior [9, 10]. With the development of
the deforming load in time, that is, with soil vertical
and horizontal movements with respect to the mono-
lithic wall of the angular type, after its installation,
soil gradual penetration into voids occurs.

Table 1 — Sample test results

No The depth of sam- Volume weight, Modulus .of de- Shift parameters
oint pling from the top o/’ formation, R
p of the array, m 8 E, MPa tgo ¢ ¢, MPa
1 2 3 4 5 6 7
1 0,15 1,826 9,3 0,38 21 0,014
2 0,15 1,812 9,5 0,32 18 0,019
3 0,3 1,831 8,9 0,36 20 0,016
4 0,3 1,822 91 0,46 25 0,012
5 0,45 1,816 8,5 0,48 26 0,009

Table 2 — Comparative characteristics of soils

. Physicomechanical characteristics of the base
Name of soil
E, MPa c, kPa y, T/m’ o, deg.
Full-face soil 13,5 19,5 1,82 22
Model base 5,62 6,8 1,71 22
Coefficient of transition 1/1,5 1/1,5 1 1

Premature filling of voids is prevented by sheets of
elastic material. As a resiliently compliant material, a
polyethylene film was used with the following charac-
teristics: thickness of 200 um, density of 916 kg / m’,
tensile strength of 165 kgf / cm”.

Models of retaining walls were made using the
method of layer-by-layer creation of a physical object
using digital 3D model (fig. 2, a, b). For this, 3D
printer Graber i3 was used.

The tray tests were carried out in a metal tray with a
transparent front wall made of plexiglas. The tray di-
mensions are 600 x 650 x 680 mm. Its edges are made
of corners 80 x 80 mm, the upper belt of steel strips
with a width of 50 mm. All facets except for the front
are made of chipboard 16 mm and rigidly fixed by two

corners 60 x 60 mm. The working space for installing
the retaining wall is fenced off by a partition of 16
mm chipboard. To prevent soil friction against tray
wall, walls inner part was covered with an easily de-
formable polyethylene film in two layers with a layer
of technical petroleum jelly [11].

The purpose of the first series of tests was to identify
structural factors influence degree on the model bear-
ing capacity of the proposed retaining wall of a special
type.

The second series of tests ws conducted to compare
anti-shear position stability of the retaining wall of the
corner type and a retaining wall of a special type.
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Figure 2 — Experimental models:
a) angled retaining wall; b) retaining wall with structural surface

Tray reparation for testing was carried out by install-
ing it on the supports and the inner surface was cov-
ered with a polyethylene film. The second layer of
polyethylene film was laid after applying a layer of
technical petroleum jelly.

The base model preparation was carried out by
layer-by-layer laying of pre-prepared ground paste.
Each layer of paste was compacted by a rammer.
When reaching a pre-marked height, the ground sur-
face was planned, then a retaining wall was installed.
Further, soil paste layered laying from the front side of
the vertical retaining wall element continued until the
mark indicated on the retaining wall. Backfilling was
also performed using paste, the paste was laid layer by
layer with a seal of 0.95 from the base under the foun-
dation element to the top face of the retaining wall.
A metal plate with dimensions of 150 x 200 mm was
laid on the planned backfill surface.

To obtain information on the displacements and
sediments of model structures and grounds, hour-type
indicators TH-10, 6-PAO deflectometer were used,

which were verified in the center of metrology, stan-
dardization and certification. Before retaining wall
free surface, a bar with two clock-type indicators
(fig. 3a) was rigidly installed to measure wall horizon-
tal deformations (displacements) in two levels. Over
the retaining wall, on a specially prepared console,
there were installed deflectors (fig. 3, b), for measur-
ing vertical deformations (displacements). All instru-
ment readings were set to the initial values and re-
corded in the log.

Load on the platform was created in steps of
1.5 kPa. The load was maintained until soil condi-
tioned stabilization. The model sedimentation rate,
which does not exceed 0.1 mm in 30 min, was taken
as a criterion for deformation conditional stabilization.
Each subsequent stage of pressures was also main-
tained during the time of conditional stabilization.

Models loading models was carried out until the full
loss of retaining walls stability. The devices values
were recorded, then the graphs were constructed.

Figure 3 — Measuring instruments:
a) dial indicators IH-10; b) deflectometer 6-PAO
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For retaining wall of angular type, the indications of Based on the data obtained, sediments of retaining
hour-type indicators and deflectors indications were  walls (a corner wall type retaining wall, a retaining
recorded (fig. 4, a, b); for the retaining wall with the  wall with a structural surface) were built (fig. 6).
structural surface, the indications of the hour-type in-
dicators and deflectors indications were recorded (fig.

5,a,b).
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Figure 4 — Charts: a) indication of dial gauge indicators; b) indications of deflectometer
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Figure S — Charts: a) indication of dial gauge indicators; b) indications of deflectometer
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Figure 6 — The draft of retaining walls
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It can be obvious from the graphs on (Figure 5) that
the readings of hour-type indicators and deflectors
have more similar indications than on the graphs (Fig-
ure 4), which indicates that the retaining wall with the
structural surface moves and settles more evenly.

These graphs (Figure 6) show that the retaining wall
with a structural surface has a large draft (by 18%)
than the retaining wall of the corner type at the initial
stage of loading the working platform, this indicates a
gradual penetration of the soil into voids. With the
passage of time, when the load increases, precipitation
stabilization is recorded. With increasing load, retain-
ing wall with the structural surface draft decreases,
which is evident in the graph. In order to achieve the
same draft of the retaining walls, 28% more load was
applied to the retaining wall with a structural surface
than to the retaining wall of the corner type.

Conclusions. The carried out researches have shown
that with the same ground base (geometry of layers
and physicomechanical characteristics), loading and
boundary conditions, evident for a retaining wall with
a structural surface, there is an inclusion in the entire
soil massif work and uniform redistribution of stresses
at the contact along the face and foundation slabs.
The structures and ground base general deformation
uniformity, in turn, provides greater stability of the re-
taining wall with a structural surface, and also in-
creases base bearing capacity due to the appearance of
an "arched" effect (the formation of unloading vaults
and elastic cores).
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