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Abstract. When applying mixtures to a vertical surface, it is not always possible to use
stationary equipment. This includes scaffolding, cradles, aerial work platforms, and, for small volumes,
installation climbers. The mixture is usually applied with a roller, brush or spray gun. These methods
lead to excessive consumption of the mixture, increased work time, and often a lack of safety
precautions. Working at height is very dangerous, especially in the current environment. Therefore,
both in our country and abroad, scientists are developing new alternatives to manual, semi-manual and
mechanised methods. One of these mechanisms is automation and robotics. The task of the workers is
to control the work processes, monitor the supply of materials and replace equipment as necessary.
Such mechanisms are operated by up to three workers.

Having studied all the available information, the authors proposed to use the Portal equipment to
perform a range of works at height. It will allow you to perform work on slopes, terraces, and hard-to-
reach places. To do this, you need to make a small terrace, level the surface, mount the rails, and install
the Portal. Then, using additional mechanisms, the equipment is attached. In the first stage, augers are
used to drill a well into which the reinforcement is installed, and the concreting process is carried out
using various removable devices (winches, drills, etc.) that are attached to the Portal.

In the second stage, the ground is excavated, and the pile is exposed by 3.6 metres. In the third
stage, a wooden formwork is placed between the piles. The frame is partially attached to the pile, and
the outer side of the formwork is mounted. The concreting process is carried out sequentially. First, the
lower part is concreted, and then the upper part. In the fourth stage, the mixture is applied to the surface.

The article presents and analyses the results of laboratory studies of the operation of the Portal
equipment with a device for intensifying the injection of a flowing mixture. The following schemes
were considered when choosing the technology of mixture injection: perpendicular-straight-line,
perpendicular-circular and inclined-straight-line. The optimal combinations of layer thickness and the
angle of inclination of the nozzle axis to the surface and technological schemes of application are given.

Keywords: mixture application, automation and robotisation, Portal equipment, slope
protection, wall in the ground.
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Introduction. When applying mixtures to a vertical surface, it is not always possible to use
stationary equipment. This is primarily due to the danger of working at height. For small volumes
and small areas, installation climbers are used. There is a need to monitor both the work performed
and compliance with safety regulations. Therefore, many national and international scientists are
developing alternative equipment and methods for performing such work.

The analysis of the latest research and publications is following. In the past, the mix was
usually applied to vertical surfaces with rollers, brushes or sprayers, using scaffolding, cradles or
climbers (depending on the height of the wall enclosure). These methods were expensive, labor-
intensive and dangerous. In addition, they were life-threatening to the operator, so many domestic
and international scientists are developing alternatives to perform these tasks at a minimal cost. One
such alternative is robotisation [1].

Robotisation is progressing in the manufacturing industry. Worldwide, the popularity of
robots is growing exponentially. This growth is also accompanied by large-scale investments in
research and development in the field of robotics. In recent years, there has been a growing demand
for the use of robots and automated machines and systems in the construction process [2].

The domestic specialists and scientists engaged in this area are O.l. Meneilyuk, V.O. Halushko,
A.F. Petrovskyi, I.LA. Yemelyanova, D.O. Chaika and others [3-5] as well as foreign scientists - Scott
Peters, Mark Pivac, Markus Kayser, Nery Oxman, Joseph Paradiso, Daniela Rus, Nikita Chen-Yun-
Tali, etc. [6-8]. They are engaged in automation and robotics of production processes and mathematical
modelling for automation in various areas of industrial and construction products. With the help of
automation, you can reduce the duration of work and increase production productivity, quality and
safety of work. Based on the received information, the Portal was developed, which provides the
opportunity to perform work in automatic mode on the construction site.

The purpose and objectives of the research of this article are to develop a mechanism that
will allow performing work at altitude and slopes qualitatively and more safely.

The task of the research is to analyse the existing methods of application on a vertical surface
and offer its technology.

The materials and methods of the research are following. Currently, there are the
following ways to perform work on restoring the vertical surfaces, ref. to Table 1.

Table 1 — Ways to perform work

Use of a cost-effective method for damaged vertical surfaces
Name of the method low — height up to | middle — height from 10 high — height over 20
of work performance 10 metres to 20 metres metres
new / destruction on | new / destruction on the | new / destruction on the

the surface surface surface

From the ground
+/- - -

(preparatory work)
From scaffolds +/+ +/+ +/+
From cradles -/- -/+ -/+
From lift truck -/+ -/+ -[+
By industrial climbers -/+ +/- +/-

The analysis of the table results showed that applying the mixture to a vertical surface from
the ground will be more efficient up to 2 m, and then it is necessary to choose lift trucks,
scaffolding, and industrial climbers — depending on the volume. For surfaces with a height of 10 to
20 m, it is more efficient to use scaffolding, lift trucks and industrial climbers. For floors over 20 m,
scaffolding and lift trucks are used. This, in turn, leads to an increase in the cost of work. Therefore,
the authors developed the Portal equipment, which may be an alternative in the future.

It includes two units. The first unit is the main unit, which provides autonomous operation, and
the second unit is a semi-unit that can be extended to the first unit and cannot operate autonomously.
There may be several such semi-units depending on the length of the facility (Fig. 1).
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Fig. 1. Equipment for strengthening ground and foundations and for performing pile foundations for
strengthening slopes: a — general appearance; 6 — cross-section by "a-a" of the Portal
1 — portal; 2 —rack; 3 — connecting shelf; 4 —rail; 5 — wheel; 6 — ties; 7 — jacks; 8 — connecting bar; 9 —
semi-portal; 10 — graduated guide element; 11 — clamps to hold the auger or pile during the extension
process; 12 — hinged connection of the Portal; 13 — hinged connection of the Portal; 14 — console;
15 — brace; 16 — screw clamp; 17 — winch; 18 — trolleys;19 — lower reinforcing shelf of the anchor
element; 20 — upper reinforcing shelf of the anchor element

The Portal [9] is an autonomous frame and a half-frame, including a longitudinal span (portal) —
1; racks — 2, which are installed vertically with an inclination to ensure a more stable state, forming an
anchor element; connecting shelf — 3, which provides a rigid connection of two oppositely located end
anchor elements, and the anchor elements themselves have reinforcing shelves, respectively, lower — 4;
upper — 5; half-portal — 6.

For free movement around the work site, the Portal has wheels — 7 in the form of articulated joints
and rails — 8, which are laid on the floor. The rails — 9 can be laid on sleepers to reduce the loads — 9.

In the upper part of the Portal, at specially defined points, plates are rigidly welded on which
portable screw jacks are installed — 10. The joint operation of the main unit and the semi-unit is
ensured by a hinged connection — 11, 12 with the help of connecting strips — 13.

The Portal is equipped with a movable graduated element in the form of a toothed hemisphere
— 14, on the trolleys — 15, on which both the first block and the other block can be equipped with
devices for piling. The next step is to change the retaining wall devices. The following equipment is
attached to the Portal: grab, winch, etc.

Due to the work that can be carried out at different heights, the Portal is made in the form of
various structural elements being built up. With the help of additional mechanisms, it is
multifunctional. The device is used to intensify the injection of the flowing mixture to apply the
mixture to a vertical surface.

Holding on to the weight of the device for intensification of the fluid mixture is carried out
using grips — 16 with clamp — 17, which are attached to the console — 18 with a brace — 19.

Rigging is carried out using a winch — 17, with stops that include a ratchet wheel, shaft, pawl,
axle, spring, various types of grip, etc. These devices do not prevent the lifting of the load but
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exclude the possibility of its spontaneous descent under the influence of its weight.

For the manufacture of structures using steel alloys, following current standards for specific
elements as to the operating conditions.

The Portal works this way. For most current performing work, most often, the work is carried
out on the slopes, and a terrace is performed. After levelling the surface, the rails on which the
Portal is installed are mounted. In the first stage, using screws, drilling of the well into which the
reinforcement is installed is carried out, and the concreting process is carried out using various
detachable devices (winches, drill, etc.) that are attached to the Portal.

In the second stage, the soil is developed, and the pile is exposed by 3.6 meters. In the third
stage, a wooden formwork is arranged between the piles. The frame is partially attached to the pile,
and the outer side of the formwork is mounted. The concreting process is carried out sequentially.
First, the lower part is concreted, and then the upper part. In the fourth stage, the mixture is applied
to the surface (Fig. 2).

i . : * ine
a — drilling process b — concreting of a pile ¢ — soil development

SEW T

d — general view of piles e — concrete foundation is f — installation of internal
performed formwork and reinforcing
frame

i — general view of the
retaining wall

g — general view of the formwork

Fig. 2. Technological sequence of performing a vertical retaining wall

This Portal [9] has an advantage over well-known equipment in that:

— it provides an increase in labour productivity and complex mechanisation of production
processes, reduced capital costs, which makes it possible to increase the operational suitability of
structures;
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— the structural elements of the main supporting equipment Portal are mass-produced, which
provides installation of elements manually, without mechanisms;

— when switching to another parking lot, the entire complex of the mechanisation device does
not require dismantling and installation during operation due to the possibility of moving its
assembly along rails or additional extension of half-blocks;

— the presence of a hinge connection of the block and the half-block allows performing work
on a break;

— the combination of a block and a half-block ensures the execution of work simultaneously
on several grippers;

— due to the possibility of trailed equipment, several processes are ensured when performing a
retaining wall.

Further development of the theory and practice of modern methods of work in compressed,
space-limited conditions of operated structures and their reconstruction is achieved.

Research results. When applying the mixture to a vertical surface, the device is attached to
the gantry. The upper part of the gantry frame has fasteners that allow the nozzle to move from top
to bottom without changing the path [10].

The following is a device that can be used to perform work at height. Namely: cleaning the
surface, priming and applying the mixture (Fig. 3).

The dry mixture of the appropriate composition is fed through a branch pipe — 1, which has a
hinged ball joint — 3 or a rigid connection with a hollow shaft — 7 and further into the body — 2, on
which a forward auger — 4 and a reverse auger — 5 are freely mounted, which start to rotate in
different directions, and special spacer retainers — 6 ensure their design position, at the same time,
the hollow shaft — 7 rests on plugs — 9, which are limit cases — 2.

The dry mixture is gradually moved to the humidification zone, where water is supplied
through holes — 8, which are located on a certain section of the shaft — 7. Further, under the action
of acceleration, the moistened mixture is moved to the reverse action auger — 5, which is fed to the
corresponding part of the structure. To regulate the amount of mixture supplied, the nozzle — 10 has
a set of gate valves — 11, which are replaced and accordingly increase or decrease the opening and
the amount of mixture supplied.

At the same time, to increase the speed of feeding the appropriate mixture, the nozzle — 10 is
installed perpendicular to the axis of the hollow shaft — 7.

These technical features ensure the use of the proposed technical solution in construction
based on the following advantages:

— improved quality of intensification of the spray mixture;

— it becomes possible to adjust the quantity, and hence the speed of feeding the mixture by
using one of the gate valves;

— the operational suitability that provides such a "Device ..." compliance with the criterion
"Industrial suitability" is increased.

This goal is achieved by the fact that the utility model "Device for intensification of fluid
injection” is based on the task, which is based on the known technical solution "Device for spraying
a fluid mixture”, replacing the purpose of some elements by constructive changes and adding new
elements and ensuring their interaction. By working together, it became possible to create the
corresponding "Device..." namely, a cylindrical body limited by plugs in the centres of which a
hollow shaft is hinged or rigidly mounted, on which mixing elements are fixed, freely rotating in
different directions, and equipped with spacers, the so-called direct and reverse action, creating
conditionally active zones of activation and moistening, in a certain area in the humidification zone,
the hollow shaft has through holes and is ball-and-socket or rigidly connected to the mixture supply
pipe, and the nozzle in the form of a conical cross-section is mounted perpendicular to the axis of
the hollow shaft and is provided with a set of certain gate valves [10, 11].

New in the invention is the use of mixing elements that freely rotate in different directions
simultaneously and the placement of the nozzle perpendicular to the axis of the hollow shaft.
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a)
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Fig. 3. Device for intensification of fluid mixture ejection:
a— general view of the equipment; b — device; ¢ —auger; 1 — mixture supply branch pipe; 2 — body;
3 —hinged ball joint; 4 — forward auger; 5 —reverse auger; 6 — spacer retainer; 7 — hollow shaft;
8 — through-holes; 9 — plug; 10 — nozzle; 11 — gate valve

The following results were obtained during laboratory tests: the distance from the nozzle to
the vertical surface ranged from 0.8 to 1.2 m, while the amount of mixture rebound ranged from
17.2 t0 16.4%.

Based on the results obtained, a graph of the dependence of the strength of the mixture and the
number of losses on the angle of inclination of the nozzle to the surface was constructed (Fig. 4).

The analysis of Fig. 4 shows that the strength of the mixture and the number of losses depend
on the angle of inclination of the nozzle and the thickness of the layer to be placed. At a mixture
layer thickness of 50 mm and an inclination angle of 15° to 25°, the amount of losses reaches a
minimum level of 8.5 to 9.5%, and the tensile strength is between 37 and 39 MPa. In engineering
terms, this angle of inclination is optimal in terms of the criteria for assessing the strength of the
mixture with the surface and the amount of mixture loss.
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Fig. 4. Diagram of the dependence of the strength of the mixture and the number of losses on the
angle of the nozzle to the vertical surface:

1, 2 — compressive strength limit, Gy, MPa; 3, 4, 5 — quantity of losses, P, %, (3 — layer strip thickness
of 30 mm; 1, 4 — mixture layer strip thickness of 50 mm; 2, 5 — layer strip thickness of 80 mm)

The following schemes were considered when choosing the technology for supplying the
mixture: perpendicular-straight, perpendicular-circular and inclined-straight. For these schemes, the
optimal combinations of concrete mix application were selected: with perpendicular-straight —
nozzle angle 900-layer thickness 30 mm. At least two layers should be applied in a circular rotation.
This is due to the perpendicular-circular movement, as the layers are unevenly laid on the surface.
Therefore, by applying two coats, a uniform application thickness of 50 mm can be achieved. For
oblique-rectilinear movement, the optimal angle of inclination is 200 and a thickness of 80 mm. In
this case, the amount of loss is minimal. The particles of the mixture penetrate deeply into the
surface, so the maximum strength.

Table 2 shows the optimal combinations of the layer thickness and the angle of inclination of
the nozzle axis to the surface and the technological schemes of application.

Table 2 — Optimal combinations

. The angle of inclination of the
No The thickness of the nozzle from normal to the surface
: Technological schemes i
) applied layer, mm of the structure, °
1 | perpendicularly straight 30 90
2 | perpendicularly circular 50 90
3 | inclined and straight 80 20

The analysis of various methods showed that the most appropriate organisation of the
technological process of laying concrete mixture is the method of supplying concrete using the
proposed installation [9, 10]. This installation is compact and occupies a small place. This allows
you to increase productivity and perform work efficiently, as workers have the opportunity to move
freely in the room where the work is performed.
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The conclusions and prospects for further research are following. The offered "Portal"
equipment makes it possible to perform several technological processes. Namely: drilling,
installation, concreting, cleaning and application of the mixture on a vertical surface due to the
change of equipment. This will reduce the time, cost of work, improve the quality of work and
reduce the risk of workers working at height.
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AHortauis. Ilpn HaHeceHHI cymilleil Ha BepTHKaJIbHY IIOBEPXHIO HE 3aBXKAU MOXKIHUBO
BUKOPHCTOBYBAaTH CTalllOHApHE OOJIQJHAHHS. A came: PUINTYBaHHS, JIIOJIBKW, aBTOBHUILIKH, Ta TIPH
HEBEJIMKHUX 00’ €Max 3aIpoIIylOTh MOHTKHHX aNbIIiHICTIB. HaHeceHHs CyMillli BUKOHY€EThCS 3a3BHYai
BaJIMKOM, TIeH311eM abo (apoormyasTom. Li ciocobu npu3BOAATh 10 IEPEBUTPATH CyMillli, 301TbIICHHS
TPUBAJIOCTI POOOTH, 1 YAaCTO HE AOTPHMAHHS TEXHIKM Oe3neku. BukoHyBaTé poOOTH HA BHCOTI JTyXkKe
HeOe3MeYHo, a 0COOMBO y CyJacHHX yMoBax. Tomy, sIK y Hammid KpaiHi, Tak i 3a KOPJJOHOM, BUEHI
PO3pOOIISIIOTE HOBI AJIBTEPHATUBU PYYHOMY, HAIIBPYYHOMY Ta MeXaHi30BaHOMY crocobaM. OHuM 3
TaKUX MEXaHI3MIiB € aBTOMaTHU3allis Ta poOoTH3allis. 3aBIaHHsAM POOITHUKIB 3BOJAUTHCS JI0 TOTO, 100
KOHTPOJIIOBATH MPOLIECH BUKOHAHHS POOIT, CTEKUTH 32 MOJAHHAM MaTepiady Ta B Mipy HEOOXiTHOCTI
3aMiHIOBaTH 00J1aiHaHHs. Taki MexaHi3MU 0OCIyrOBYIOTh JI0 TPhOX POOITHUKIB.

BuBuuBIIM BCIO HasiBHY 1H(OpMAILito, aBTOPH 3aIIPONOHYBAIN JJIs1 BUKOHAHHS KOMIUIEKCY poOIT
Ha BHUCOTI BHKOpUCTOBYBaTH oOmamHaHHs «[lopTam». BoHO 103BONMTH BUKOHYBaTh poOOOTH, Ha
CXWjlaX, Tepacax, BAXKKOAOCTYMHUX MiCIsiX. s mporo moTpiOHO 3poOMTH HEBETHKY Tepacy,
BUPIBHATU TMOBEPXHIO, 3SMOHTYBaTH PEHKH, Ta BCTAHOBUTH mopTail. [laii 3a J0MOMOror J0JaTKOBUX
MeXaHI3MIB KpiIUIAThCs oOnaaHaHHs. Ha nepiioMy erari 3a JOIMOMOIOr0 ITHEKIB BUKOHYIOTH OypiHHS
CBEPUIOBHHH, B SIKY BCTAHOBIIIOIOTh apMaTypy, Ta BUKOHYETHCS MPOIeC OETOHYBAHHS, 32 JIOITOMOTOI0
PI3HMX 3HIMHUX HPUCTPOIB (J1eO1akH, Oypa, Ta iHIII), SIKI KPIIIATHCS 10 MOpTaly.

Ha npyromy erami po3poOnseTsCcsi IpYHT 1 maist oronoerses Ha 3,6 merpu. Ha Tperbomy
eTani MK NaJsIMM BJIAILITOBYEThCS JepeB'ssHa onanyOka. Kapkac 4acTKoBO KpinmuThes 10 maii Ta
MOHTY€TBCSI 30BHILIHS CTOpOHA onanyOku. BukoHyeTbcs mnporec OETOHYBaHHS IMOCIIIOBHO.
CrioyaTKy HMJKHSI YaCTMHA OETOHYeEThCs, a MOTIM BepxHsA. Ha udeTBepTOoMy eTami BHKOHYETHCS
HAHECEHHsI CyMillll Ha TOBEPXHIO.

[IpuBeneni Ta mpoaHalli3oBaHl pe3yabTaTH JIA0OPATOPHUX JOCTIHKEHb pOOOTH 00JIaIHAHHS
«[Topram» 3 mpuctpoem ans iHTeHcHikamii HampucKyBaHHS Tekydoi cywimi. [Ipu BubGOpI
TEXHOJIOTIT TMoAaul CyMIIIl pPO3IJISAANUCS Takl CXEeMU: TMepHeHIUKYISIpHO-TPSAMOIIiHINHHE,
MEePIEHINKYISIPHO-KPYTOINOAIOHE Ta TOXUJIO-TIpsAMOJIiHIHe. HaBeneHo onTuManbHI TOETHAHHS
TOBILMHM LIapy Ta KyTa HaXMIIy OC1 COIJIa 1O MOBEPXHI Ta TEXHOJIOTIYHI CXEMHU HAHECEHHS.

KuarouoBi cioBa: HaHeceHHS cyMilleil, aBTomaTu3ailis Ta poOoTH3allis, oO0JiaJHAHHS
«[Toprtany, 3aXUCT CXUIiB, CTIHA B IPYHTI.
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