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Abstract. The article considers the possibility to increase the reliability of 
engineering buildings and facilities due to the use of new small-based equipment 
both in the operating conditions of technological complexes and in the 
conditions of technological sets. An example of the use of a technological 
complex with a universal hose concrete pump for strengthening the supporting 
columns of a medical centre being built by the wet concrete spraying method is 
given. The structural scheme of energy consumption by technological sets of 
small-based equipment is given. The variants of using the technological set of 
small-sized equipment for concrete work in various ways. One of the universal 
technological kits of effective small-based equipment is shown. As part of the 
proposed kit, the base machine can successfully be used universal non-piston 
hose concrete pump. Dependencies for determining the productivity of a hose 
concrete pump and the cost of its power for transporting a concrete mixture are 
proposed. 

1 Introduction 
Up-to-date construction assumes various types of equipment which are used as separate 
machines [1 – 5] when performing concrete works. A rational solution in the performance 
of concrete work in the construction site [6] is the use of certain types of equipment in both 
technological complexes and technological kits. 

Technological complexes consist of separate types of machines (equipment), which 
consistently perform operations of the technological cycle in the manufacture of reinforced 
concrete structures or the erection of buildings or structures from monolithic reinforced 
concrete directly in the construction site. 

Considering the concreting processes under such conditions [7, 8], a new universal 
small-based equipment, which is patented in Ukraine [9], attracts attention and passed 
approbation at many construction sites when performing works by the wet concrete 
spraying method. 

New small-based equipment that works in the conditions of technological complexes or 
kits includes the following: 
- concrete mixers operating in a cascade mode (trivalent and gravity-forced action); 
- mortar-concrete pumps (with ball and poppet valves); 
- concrete pumps (universal non-piston hose); 
- robotic nozzles for concrete spraying method with a ring nozzle. 
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One of the factors determining the efficiency of small-based equipment is its energy 
consumption. The completeness of a particular technological complex or kits in the 
conditions of a construction site, first of all, should ensure its operation with minimal 
energy consumption in the presence of a basic machine. 

One of the last facilities, where the efficiency of the technological complex with the 
new equipment mentioned above was confirmed, is the construction of the medical center 
"OnClinic" (Kharkov). 

Shotcrete works were carried out according to the technological scheme shown in Fig. 1. 

 
Fig. 1. Technological scheme of performance of concrete gun works by wet method when using a 
complex of small-based equipment with universal non-piston hose concrete pump. 1 – compressor 
mobile installation; 2 – gravitational concrete mixer; 3 – non-piston hose concrete pump; 4 – gunned 
nozzle with a ring nozzle. 

The basic machine in this complex is a non-piston hose concrete pump which is shown 
below on the construction site of the medical centre "OnClinic". 

 
Fig. 2. Universal non-piston hose concrete pump with hydraulic drive on the territory of the 
“OnClinic” medical centre under construction. 

According to the method of wet concrete spraying, the supporting columns of the 
building were reinforced. At the same time, the following consumption of constituents 
per 1 m3 of concrete was used: sand – 640 kg, cement – 340 kg, crushed stone of fraction 
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up to 5 mm – 1240 kg, water – 170 l. Polypropylene fiber - 1.5% (fiber length l = 12 mm); 
plasticizer Sika plus Mix – 0.2%. 

Figure 3 shows the process of reinforcing columns using a nozzle with a ring nozzle. It 
is seen that the nozzle also produces a concentrated jet of concrete mixture practically 
without rebound. 

 
Fig. 3. Strengthening of the column during concreting by the wet concrete spraying method. 

More rational is the use of small-based equipment in the conditions of the technological kit. 
The structural scheme of energy consumption by technological kits of small-based 

equipment is shown in Fig. 4 [10]. 
The technological kit has a common frame on which certain types of equipment are 

mounted, which are independent modules, which, when performing concrete works, allow 
all operations of the cycle to be combined in time. 

It can be considered that the technological kits are assembled from separate modules, 
which are machines (equipment) presented in this scheme. Each of the modules is 
characterized by separate capabilities that are used in specific construction conditions [11]. 

The use of such modular kits for the manufacture of reinforced concrete structures and 
products in the construction site using the method of off-shuttering concreting is of 
particular use. 

Thus, new small-based equipment in various combinations in the form of modules can 
effectively work as part of universal technological kits and be used for various types of 
works. For example, for: 
- performing spray-concrete works using the wet concrete spraying method: "metering unit 
→ concrete mixer operating in cascade mode → two-piston or hose-type concrete pump → 
working nozzle with annular nozzle → concreting surface". 
- off-shuttering concreting by wet concrete spraying using fibrous concrete mixtures for the 
manufacture of reinforced concrete structures of complex geometric shapes: "Fiber 

3

MATEC Web of Conferences 230, 02006 (2018) https://doi.org/10.1051/matecconf/201823002006
Transbud-2018



Fig. 4. Structural scheme for determining the power costs of a universal technological kit of small-
based equipment for the conditions of the construction site. 

automatic cutter → dosing unit for concrete mix components → three-shaft concrete mixer 
→ non-piston hose concrete pump → concrete spraying nozzle with ring nozzle → concrete 
frame with embedded structures details”. 

Fig. 5 shows one of the universal technological kits of effective small-based equipment.  

 
Fig. 5. Universal technological kit for small-based equipment with a pistonless hose concrete pump. 
1 – universal pistonless hose concrete pump; 2 – three-shaft concrete mixer; 3 – machine-cutter of 
fiber; 4 – belt feeder; 5 – concrete spraying nozzle with a ring nozzle; 6 – mobile compressor unit; 
7 – concrete spraying surface. 
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Basic concrete pump with hydraulic drive, in comparison with two-piston concrete 
pumps, has a number of advantages: minimum weight with a wide range of performance, 
reliability of construction and improved operating conditions due to the improvement of its 
design in comparison with existing hose concrete pumps, economic energy consumption. 

2 Theoretical part  
Performance of a hose concrete pump which, as a basic machine, determines the 
productivity of the entire technological kit is defined as [12]: 

1 2 33600 ,tech hose avП F v k k k           (1) 

where, hoseF – cross-sectional area of the hose in the concrete pump housing, m2;

avv – average speed of the concrete mixture through a flexible hose, m/s; 1k – coefficient 
that takes into account the gradual build up of the force created by the pinch rollers of the 
rotor when compressing the outside of the hose in the pump casing; 2k – coefficient that 
takes into account the reliability of the hose in the pump casing, taking into account the 
ultimate stress state; 3k – 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. 

Coefficient     1 2 3
1

1 3
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       (2)  

where, 1 2 3, ,G G G  - respectively, the weight of the concrete mixture resisting the influence 
of the lateral and central rollers of the rotor on the outer surface of the deformable hose, 
through which the mixture is fed into the transport main. 
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 2 ,eq

g

k



         (3)  

where, eq – total all-round voltage that the hose in the concrete pump casing undergoes as 
the next portion of the concrete mix moves under it under the action of the pinch rollers of 
the rotor, MPa;  g

 – allowable stress on hose breakage, MPa. 

Coefficient      
3 ,outl

inl

mk
m

        (4)  

where, outlm  – weight of concrete mixture at the outlet of the working part of the concrete 

pump hose; inlm – weight of the concrete mixture that enters the concrete pump from the 
hopper. 

The following dependence can be used to determine the cost of power universal hose 
concrete pump: 

2
. 0 . /1000 ,dr p r tech c p av genP k П v           (5) 
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where, 
.p rk – coefficient that takes into account the power reserve for overcoming resistance 

to movement of the mixture through the pipeline; 
0 .c p  – average density of transported 

concrete mix; 
gen  – overall efficiency of the concrete pump. 

If there is a gradual loading of the hose in the working part of the pump casing with the 
rotating rotor rolls [13, 14], the service life of the new machine exceeds the life of the hours 
of modern hose-type concrete pumps by 25%. 

Thus, technological sets of small-sized equipment with a new universal hose concrete 
pump allow us to carry out concrete work in the construction of reliable engineering 
buildings and structures in stable construction conditions. 

3 Conclusions 
1. The list of new equipment protected by patents of Ukraine is given which can be used as 
separate modules of universal technological complexes and sets of small-sized equipment 
for construction site conditions. 

2. The use of a non-piston hose concrete pump of a new constructive solution is shown 
with the reinforcement of support columns by the wet concrete spraying method, the 
medical centre under construction. 

3. The structural scheme of energy consumption by technological sets of small-sized 
equipment is given. 

4. One of the universal technological kits of effective small-sized equipment is shown. 
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