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The small-sized technological set equipment with a universal, non-porous hose concrete pump is shown, that is verified dur-
ing the execution of wet method gunite work. Dependencies for determination of basic universal hose concrete pump work
parameters are proposed. The stand surface concreted with wet-cracking method, by the using of the concrete mixture com-
position, which has been checked during the gunite work execution on the construction site. A check of the resulting rubber-
concrete coating strength has been carried out. The stability of the offered technological package operating conditions is con-
firmed.

Keywords: small-sized technological set equipment, gunite work, universal hose concrete pump, gun concrete.
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3anponoHOBAaHO PAJ TEXHOJOTIYHMX KOMIUIEKTIB ManorabapuTHOTO OOJagHAaHHS JUIS BUKOHAHHS TOPKPET-POOIT MOKpUM
Croco0oM, OJIMH 3 HUX HaBEAEHO B IIiii cTarTi. [loka3aHO TEXHOIOTIYHNI KOMIIIEKT ManorabapuTHOTO 00IaHAaHHS 3 YHIBEp-
CagbHUM OE3MOPITHEBHM IIUTAHTOBUM OETOHOHACOCOM, KM BHKOPHCTOBYEThCS K 0a30Ba MallMHA TaKOTO KOMIUIEKTY.
3anponoHOBaHO 3aJIEKHOCTI JUIA BHU3HAYEHHS OCHOBHHUX INAapaMeTpiB poOOTH YHIBEPCAIbHOI'O IUIAHTOBOTO OETOHOHACOCA:
MIPOJYKTUBHOCTI, BUTPAT HOTY>KHOCTI HAa TPAHCIIOPTYBaHH OETOHHOT CyMillli, THCKY BCMOKTYBAHHS CyMiIlli 3 OyHKepa Ta TH-
CcKy il HarHiTaHHS 0 TOpKpeT-coruia. [lepeBipeHo poOOTY IUIAHTOBOTO OETOHOHACOCA B CKJIA/I TEXHOJIOTTYHOTO KOMIUIEKTY
IIPY BUKOHAHHI TOPKPET-pOOIT MOKPUM crtoco6oM. 3a0ETOHOBaHy CIOCOOOM MOKPOTO TOPKPETYBAaHHS CTCHIOBY ITIOBEPXHIO 3
BUKOPUCTaHHSIM CKJIaay OETOHHOI CyMilli IepeBipeHO NpH BUKOHAHHI TOPKPET-poOIT Ha OyniBeIbHOMY MaWJaHUUKY.
OpneprxaHe TOPKpET-0eTOHHE MOKPUTTA micys 28 Ai0 TBEpHiHHA B MPUPOIAHMX YMOBax Oysio BUIpPOOyBaHO HA MIIHICTH Ha
CTHCK. 32 pe3ysbTaTaMH MPOBEACHUX JOCII/KCHb MiATBEPPKEHO CTA0UIBHICTE YMOB POOOTH TEXHOJOTIYHOTO KOMILIEKTY,
II0 IPONOHYETHCS. Y CTAaHOBJIEHO, [0 HOBUH yHiBepCaJbHHH OE3MOPIIHEBHI IUIAHTOBHH OCTOHOHACOC MPHUIATHUI Ui BH-
KOPUCTaHHS HOTO y CKJIJi TEXHOJOTIYHOTO KOMILIEKTY MayiorabapuTHOTO OOJaJHAaHHS Ta BUKOHAHHS TOPKPET-pOOIT MOK-
pHUM crIoco6oM.

Knio4oBi ciioBa: TeXHOJIOTIYHMI KOMIUIEKT ManorabapHTHOTO OOJNaJHAaHHS, TOPKPETYyBaHHS, YHIBEpCAIBHHI IITAHTOBUIT
0EeTOHOHACOC, TOPKPET-0ETOH
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Formulation of the problem. In modern construc-
tion, monolithic concretization plays a central role.
There are a lot of different equipment types used in
these works for the concrete mixes preparation and
transportation [1, 2].

Recent research analysis. The studies of these ma-
chines are represented in this works [3, 4].

Identification of previously unsettled parts of the
general problem. Considered structures of machines,
used in monolithic concreting, have disadvantages that
relate to the prepared mixture quality and the opera-
tion reliability in comparison with the machines, of-
fered in this work.

The experience of small-sized technological set
equipment multiple use at various construction sites
shows their efficiency and suggests that the wide-scale
use of these machines is viable. The set content in-
cludes new machines and equipment, protected by the

Ukrainian patent. This includes concrete grout pumps
of different design, concrete mixers operating in cas-
cade mode and gunned nozzles with ring tips [5, 6].

Statement of assignment and methods of its solv-
ing. It is proposed to include a universal hose concrete
pump, which is developed at the Department of the
Mechanization of Construction Processes of the
Kharkov National University of Construction and
Architecture [7], in the small-sized technological set
equipment.

Study results and their discussion. Possibility to
carry out a gunite work wet process using a universal
hose concrete pump has been investigated in the
small-sized technological set equipment (Fig. 1) [8].

Small-sized technological set equipment in

accordance with the basic scheme in Fig. 1 is shown
in Fig. 2.

[
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Figure 1 — Principal scheme of the small-sized technological set equipment
with the use of universal hose concrete pump:
1 — universal non-piston hose concrete pump; 2 — receiving tank for concrete pump; 3 — long-time concrete
mixer; 4 — automatic machine-cutter of synthetic fibers; 5 — ribbon feeder; 6 — a nozzle with a circular nozzle;
7, 7' — respectively compressor installation and hoses from the compressor to the nozzle

Figure 2 — Small-sized technological set equipment for carrying out a gunite work by wet method:
1 — universal non-piston hose concrete pump; 2 — receiving tank for concrete pump;
3 — long-time concrete mixer; 4 — automatic machine-cutter of synthetic fibers; 5 — ribbon feeder;
6 — a nozzle with a circular nozzle; 7' — hoses of compressed air supply from the compressor to the nozzle
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The universal hose concrete pump is used as a base
machine in the technological kit. To determine its
main operating parameters, the dependencies are pro-
posed::

Htech =3600 Fhose Vav kl k2 k3 (1)

where Fj,,, — cross-sectional area of the hose in the
concrete pump housing, m’;
v,y — average speed of the concrete mixture through a
flexible hose, m/s;
k; — coefficient that takes into account the gradual
buildup of the force created by the pinch rollers of the
rotor when compressing the outside of the hose in the
pump casing;
k, — coefficient that takes into account the reliability of
the hose in the pump casing, taking into account the
ultimate stress state;
k3 — coefficient that takes into account the conditions
for the mixture to be delivered by a concrete pump via
a flexible hose, taking into account the presence of its
reverse currents:

—the power consumed for the process of trans-
porting the concrete mixture to the nozzle shaft can be
determined by the dependence:
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where Gy — the weight of the concrete mixture,
which is under the influence of clamping rollers, H;
k,. — the coefficient of friction that occurs as a result of
the wall effect between the inner wall of the flexible
hose and the concrete mixture in the course of its
movement;
F,... — the force of pressing the rollers to the outer sur-
face of the flexible hose in the working space of the
pump, H;
ky-koen — friction coefficient of rolling of rollers on the
surface of the hose, M;
7,1 — roller radius;
n — rotor speed, min'l;
R, — average value of the distance between the rotor
axis and the end face of the roller;
1y — coefficient of efficiency of the concrete pump;
Ap — pressure drop at the ends of the transport pipe-
line, Pa;
kq — coefficient taking into account the length of the
transport pipeline;
17, — hydraulic losses in the transport pipeline;

— the suction pressure of the concrete mixture from
the hopper of the concrete pump is determined by the
following dependence:

v2

pvs=p0'g'Hsum+pat_(1+gZ)p() s;m s (3)
where Hy,,, — height of the concrete mix in the bunker,
m;

Pa — atmospheric pressure, Pa;

¢z — total loss of pressure when sucking a concrete
mixture;
Vam — Speed of the mixture through the inlet, m /s,

— the pressure which creates a universal hose con-

crete pump at injection of a concrete mixture to a noz-
zle shaker is defined as [9]:
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where m — mass of the rotor that overlaps the flexible
hose in the pump housing;
o — angular speed of the rotor of the concrete pump;
R, — the radius of the rotor of the concrete pump on
the end of the roller;
@ — zone of working process of injection of concrete
mix, rad;
f — coefficient of friction of the concrete mixture on
the inner wall of the working hose in the pump body;
D, — outer diameter of the flexible hose;
Oy — hose wall thickness;
A — coefficient of resistance of the concrete mix along
the pipeline;
L — the length of the pipeline on which the concrete
mixture is transported,
d, — internal diameter of the transport pipeline;
po— average density of concrete mix;
v, — the average speed with which the concrete mix-
ture is transported.
Using the aforementioned set of equipment, the con-
crete surface was wetted by means of wet gunitework.
For the vertical surface gunite, the following
concrete mixture composition was used for 1 m’: ce-
ment — 363 kg, sand — 1107 kg, rubble — 711 kg, water
183 1, plasticizer Sikaplast 520 in volume of 1.5%.
With the small-sized technological set equipment
help, the concrete mixture, which was prepared in a
long-time concrete mixer, was applied to the stand
surface using a nozzle. In this case, the surface was
concreted gradually when applying the concrete mix-
ture to the layers. Each subsequent layer was applied
after the previous hardening of the previous layer.
Generally, the thickness of the layer on the cracked
surface is & = 30 ... 40mm (Fig. 3).

Figure 3 — The stand surface which was concreted
by wet gunite method
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After 28 days of concrete mixture deposited layer
solidification in the natural environment, it was tested
for strength using the concrete strength meter Beton
Pro CONTROL, which is presented in Fig. 4.

Figure 4 — Beton Pro CONTROL device for meas-
uring concrete strength

Fig. 5 shows the concrete surface, which is wetted
by wet cracking, and tested for compressive strength
using the device shown in Fig. 4. The strength of the
gunite concrete was determined at different points of
the concrete surface.

The obtained test results are listed in Table 1.

The average value of the obtained concrete strength
indicators with the device help is 47.7 MPa. Spread of
data in Table 1 is 15%. This testifies to the formation
of a homogeneous gunite concrete structure.

Thus, the results of the conducted research showed
that when working universal piston hose concrete
pump to the nozzle with a ring nozzle on the hose to
monounsaturated concrete mixture. This is evidenced
by the lack of its bundle in the process of transporta-
tion. The stability of the operating conditions of the
technological package, offered with the universal hose
concrete pump, is confirmed.

Figure 5 — The process of gunite concrete strength
checking using the «Beton Pro Control» device:
1 — an example of a concrete surface
gunited by wet method;

2 — Beton Pro CONTROL device
for measuring concrete strength

Table 1 — Pressure concrete strength to compression

Metering num-

ber fcom4

fcoml fcomZ fcom3

fcomS f¢:0m6 fcom7 fcomS f¢:0m79 fcom av

Strength com-
pressine val-
ues, MPa

46.7 52.5 54.8 429

51.5 439 41.4 40.8 54.5 47.7

Conclusions

1. The efficiency of a small-sized technological set
equipment with a universal, non-porous hose concrete
pump is shown.

2. Operating stability conditions confirmation of the
technological kit with the hose concrete pump that is
proposed for the test of the gunite concrete obtained
on compression: the difference of the compressive
strength results does not exceed 15%.
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