
Збірник наукових праць. Галузеве машинобудування, будівництво. – 1 (58)’ 2022 11 

 

Збірник наукових праць. Галузеве машинобудування, будівництво 
Academic journal. Industrial Machine Building, Civil Engineering 

http://journals.nupp.edu.ua/znp 

https://doi.org/10.26906/znp.2022.58.3077 
 

UDC 691.327.5:669.14 
 

Justification of new equipment development  
for preparing concrete solutions 

 

Rudyk Rostyslav1*, Kuzub Yurij2 
 

1 National University «Yuri Kondratyuk Poltava Polytechnic»    https://orcid.org/0000-0001-8386-977X 
2LLC «KUZUB»     https://orcid.org/0009-0006-8463-3914 

*Corresponding author E-mail: rostyslavrudyk@nupp.edu.ua 
 

Production of various types of reinforced concrete structures and concrete products of appropriate quality in Ukraine currently 
requires special attention, as there is an urgent need for rapid restoration and repair of buildings and structures after military 
operations. The preparation of concrete mixtures and mortars, as a rule, takes place at mechanized enterprises equipped with 
modern high-performance equipment, as well as directly on the construction site. The role of concrete mixing equipment in 
modern conditions is considered in the article. The need to develop a new design of small-sized mobile equipment for preparing 
concrete solutions was determined, and the existing mixing equipment was classified. On the basis of the conducted classifica-
tion, the design features of the highly efficient equipment to be developed are determined 
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У статті розглянуто значення бетонозмішувального обладнання в сучасному будівництві та необхідність розробки 
нових конструкцій малогабаритного мобільного обладнання для приготування бетонних розчинів. Проведено класи-
фікацію існуючого змішувального обладнання та визначено конструктивні особливості високоефективного облад-
нання для розробки. Виробництво в Україні різноманітних видів залізобетонних конструкцій та бетонних виробів на-
лежної якості потребує на сьогодні особливої уваги, а також гострої потреби у швидкому відновленні та ремонті бу-
дівель і споруд після військових дій. Розглядаються джерела та публікації, пов’язані з розробкою та вдосконаленням 
різноманітних складів для приготування бетонних сумішей та будівельних розчинів. Розглянуто різні типи змішувачів, 
які використовуються для приготування бетонних і розчинових сумішей, у тому числі гравітаційні, примусового, пе-
ресувні бетонні заводи. Він також охоплює транспортування сумішей за допомогою вантажівок, насосів та іншого 
обладнання. Стаття завершується припущенням про необхідність малогабаритних мобільних бетонозмішувачів для 
покращення будівельних робіт в обмеженому просторі та зменшення транспортних витрат. Розглядається розробка 
нової конструкції малогабаритного мобільного обладнання для приготування бетонних розчинів, яке має переваги 
перед традиційними бетонозмішувачами. Стверджується, що підвищення мобільності змішувача дозволяє оптимізу-
вати його розміщення по відношенню до виконуваної роботи, завантаження і вивантаження суміші без використання 
додаткового обладнання. Застосування комплексного обладнання для автоматизації процесів управління мобільним 
бетонозмішувачем сприятиме підвищенню продуктивності праці та зниженню енерговитрат, підвищенню ефективно-
сті змішування та оптимізації реологічних властивостей суміші, що готується. На основі проведеної класифікації ви-
значено конструктивні особливості високоефективного обладнання, що буде розроблятися 
 
Ключові слова: бетонна суміш, бетонозмішувач, будівельний розчин, приготування 
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Introduction.  
In modern industry, one of the main roles belongs to 

the construction industry, which develops every year 
and increasingly affects the use of the entire economic 
system efficiency in the world. This industry is very im-
portant for the economy of any modern country. Capital 
construction, like no other similar branch of the econ-
omy, provides many jobs and uses the products of var-
ious branches of the national economy. 

Production of various types of reinforced concrete 
structures and concrete products of appropriate quality 
in Ukraine currently requires special attention, there-
fore there is an urgent need for rapid restoration and re-
pair of buildings and structures after military. 

At present, the production of concrete mixtures and 
mortars, as a rule, takes place at mechanized enterprises 
equipped with modern high-performance equipment, as 
well as directly on the construction site. 

In global construction engineering, equipment for pre-
paring concrete of various types and designs is used, de-
pending on the conditions in which they will be used. But 
mixers that work in construction site conditions are not 
given enough attention [7]. Therefore, the use of time for 
the preparation of finished products and the energy con-
sumption are significantly greater compared to the pro-
duction of similar products at the enterprise. Because of 
the small working space of the construction site, it is usu-
ally necessary to involve additional equipment. 

Therefore, it is important to develop new designs of 
small-sized mobile equipment for the preparation of 
concrete solutions.  

 
Review of the research sources and publications.  
Ukrainian scientists were also engaged in the devel-

opment and improvement of various structures for the 
preparation of concrete mixtures and construction solu-
tions. Scientific schools of Nazarenko I.I. [1, 6], 
Onyshchenko O.G. [2], Emeljanova I.A. [3-5] are the 
most famous among them. 

 
Problem statement 
The development of a new design of small-sized mo-

bile equipment for preparing concrete solutions based 
on research carried out by us, taking into account the 
experience of domestic and foreign researchers and de-
signers. 

 
Basic material and results 
Concrete mixtures and mortars require mixing for 

their high-quality preparation. Mixing is a process in 
which several components are in a certain ratio to each 
other, forming a homogeneous mixture [8]. Mixers, 
which, in turn, are diverse in principle and differ in 
terms of mobility, mode of operation, and method of 
mixing, have become widespread in the construction 
industry. 

According to the mode of operation, mixers are di-
vided into cyclic and continuous action. 

In machines with a cyclic action, loading, mixing and 
dispensing of the finished mixture are carried out se-
quentially, so the preparation of the mixture per cycle 
takes a certain time.  

In continuous machines, the time for loading and un-
loading is not included in the time of preparing the mix-
ture, so they have increased productivity. But due to the 
large number of components, it is not always possible 
to ensure a high-quality mixture, and the use of weigh-
ing dosing devices is often economically impractical. 

Mixers by mobility are usually divided into mobile 
and stationary. 

Mobile mixers have a cyclic action, so they are 
mostly used on objects with a small amount of work, as 
they are light and mobile and do not require additional 
effort for their operation. 

Stationary mixers are most common in large enter-
prises and are designed for a longer service life. 

Depending on the mixing method, there are gravity 
mixers, that is, with free mixing, or with forced mixing. 

Gravity mixers are used to prepare mobile mixtures 
and have the ability to mix a mixture with a large ag-
gregate. They are simple in design, have low energy 
consumption, and are easy to maintain and operate. 
These are the advantages of this mixer. The mixer is 
characterized by prolonged mixing, which is one of the 
main disadvantages. Mixing time reaches 180 s, but if 
you take into account loading, mixing and unloading, 
the cycle can last up to 240 s. The disadvantage of such 
mixers is also the low efficiency of mixing hard and 
fine-grained mixtures. Therefore, it is advisable to pre-
pare only plastic concrete in such mixers. 

Gravity mixers of cyclic action (Fig. 1) are classified 
according to the method of their unloading: overturning 
(in them, the drums rotate at an angle of 15° to the ver-
tical during loading and mixing, and during unloading 
at an angle of 45°), non-overturning reversible with a 
horizontal drum axis (for mixing mixing paddles move 
in one direction, and for unloading - in the other), non-
overturning with an unloading tray (during loading, 
mixing and unloading, the drum rotates in one direc-
tion, and before unloading, a tray is introduced into the 
drum and the mixture lifted by the paddles falls on this 
tray and is discharged from the mixer). 

Mixers with forced mixing prepare the mixture using 
the forced movement of the blades in the mass of ma-
terial. Also, in the conical body of the bowl, a fast-ro-
tating rotor can be installed for better mixing and prep-
aration of mixtures of any consistency. 

In turn, forced mixers can be of different designs and 
are of several types: blade, tray, rotary, planetary-rotor 
and turbulent. 

Blade mixers (Fig. 2, a) differ in that they have a fixed 
drum in which a drum with separate flat blades or with 
a continuous screw rotates. The problem of such mixers 
is a change in the direction of rotation of the shaft, 
which can be the cause of low mixing efficiency and 
accumulation of the mixture near the walls of the case. 

Tray mixers (Fig. 2, c) contain vanes that form an in-
termittent spiral line on the shaft. To achieve high-qual-
ity mixing of the mixture, it is necessary to achieve the 
correct ratio between the angular speed of the shaft, the 
arrangement of the blades and the length of the tray. 
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Figure 1 – Gravity mixers of cyclic action:  

а – type SB-16B, b – type SB-101 
 
Rotary mixers (Fig. 2, b) consist of two stationary 

concentric cylinders that form a working zone between 
them, in which blades of different radii, mounted on a 
common rotor, rotate in a circle. 

Planetary-rotary (Fig. 2, d) mixers differ from rotary 
mixers in that they have two opposite movements of the 
blades. The rotor rotates in the rings of the working 
zone of the shaft with blades, and the blades simultane-
ously rotate on their shafts, forming additional vortex 
flows of the mixture. 

In turbulent mixers (Fig. 2, e), the rotor rotates rapidly 
in the conical stand of the bowl, which creates vortex 
flows of the mixture. Such mixers have a number of ad-
vantages: mixture quality and increased homogeneity, 
simple construction and quick preparation. They are of-
ten used to prepare plastic cement and lime solutions, 
emulsion and mastic mixtures. 

Mobile concrete batching plants are used to service 
small facilities located in several locations. They are in-
stalled on trailers and have the form of separate blocks 
that are transported by motor vehicles at low speed (up 
to 30 km/h) in assembled form. After the equipment is 
delivered to the facility, the preparation of the mixture 
can be started through 0.5-2 hours (depending on avail-
ability of raw materials). Assembly and disassembly 
are carried out with the help of conventional lifting 
equipment. 

The main mechanisms of the equipment are activated 
by means of electric motors and a pneumatic drive. Au-
tomated control of the equipment makes it possible to 
reduce the maintenance staff to one person. 

 
Figure 2 – Schemes of mixers:  
а – blade, b – rotary, c – tray 

d – planetary-rotary, e – turbulent 
 

Depending on the degree of automation, concrete and 
mortar mixers come with manual and semi-automatic 
(with the use of a preset program) control or with the 
use of microprocessors. If necessary, the operator can 
manually control the process of making the mixture. 

For automated control of the mixer, modern elec-
tronic systems with microprocessor, microcontroller 
control with the possibility of using cloud computing 
are used. 

Existing types of mixers are presented in Figure 3. 
The most important characteristic of the mixer is the 

mixing efficiency. The criterion for mixing efficiency 
may be standard deviation. For such a study, compo-
nents are first prepared. For example, granite crushed 
stone is prepared (a fraction of 5-10 mm is screened out 
on a sieve) and sand. Mixing occurs without adding a 
binder, after which the finished mixture is divided into 
several (for example, five) servings. Dispersion on a 
sieve of 5 mm of each of these servings gives a mass of 
nourishing and super-satiating material. The standard 
deviation of portion masses, for example, supersatu-
rated material, can be used as a criterion for mixing ef-
ficiency.  

     
n

ММММММ серnсерсер
22

2
2

1 ... 
 , (1) 

If it is necessary to determine the efficiency of mixing 
components with a binder, detachment of components 
can be applied. 

In the case where screening or detachment cannot be 
applied (for example, due to the homogeneity of the 
components in size), the standard deviation of the 
strength of samples formed from the test mixture and 
solidified under the same conditions can be estimated 
to assess the mixing efficiency. 
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Figure 3 – Types of mixers that are used to preparing concrete mixes and solutions 
 

The standard deviation has the same dimension as the 
dimension of the quantity under study. Sometimes it's 
convenient. However, it is often more convenient to ap-
ply the coefficient of variation as a criterion for mixing 
efficiency. For example, for silicate bricks (a type of 
concrete products) for grade M100 is regulated by the 
standard [12] average compressive strength of a sample 
of five bricks 10.0 MPa. At the same time, the strength 
of the least durable brick is not lower than 7.5 MPa.  
In this case, the coefficient of variation of the strength 
of the brick is about 20%. Consequently, when estimat-
ing mixing for this process, one cannot obviously as-
sume a coefficient of variation in the uniformity of mix-
ing less than 20%. 

Known and more exotic options for assessing the 
quality of mixing. For example, mixing powders of 
equal density and particle size distribution can be eval-
uated using visualization (if one of the powders is pre-
painted). The mixing result (mixed two-component 
powder) can be placed on a slide and scanned on a scan-
ner with subsequent analysis of gradients using 
graphics programs on a computer. 

However, mixing quality is not the only factor when 
choosing a faucet or mixing technology. In any case, 
the more important factor will be the profitability of 
production. But the mobility of equipment, the speed of 
its deployment in a new location, environmental, social 
and other selection criteria may also be important. For 
such a multi-criteria choice of equipment, tool or tech-
nology, the method of expert assessments, multicriteria 
analysis and radar diagrams are often used [13]. An ex-
ample of the application of such diagrams for two con-
ditionally taken mixers is shown in Fig. 4. Preference 
in the choice will be given to the mixer, which is char-
acterized by a larger area of the diagram. 

In difficult cases, the method of paired comparisons 
and the method of hierarchy analysis can also be ap-
plied for selection [14]. 

 

 
 

Figure 4 – Example of using radar charts  
to select equipment 

 
The creation of new mixing principles is effective in 

the case of process simulation.  
Many models use a physical analogue of the flow 

structure. On this principle, models of ideal mixing, 
ideal displacement, recirculation model, piston model 
with partial diffusion, cell model are developed.  
The cell model based on Markov chains has recently 
found increasing application for modeling mixing in 
technological processes. In figure 5 – an illustration of 
such a model. A schematic representation of some ab-
stract mixer contains four cells (from "1" to "4").  
Their numbers are the coordinates of the cell location. 
The contents of the mixer move, as a result, the material 
that was in cell "1" after some time ends up in cell "2"; 
The contents of all other cells will move accordingly to 
the next (adjacent) cell. Such a movement by one cell 
is called a transition. In this case, there are certain rea-
sons why the binding material (for example, cement) 
can get from cell "1" to cell "2" with probability 10%; 
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The same probability of moving the binder from cell 
"4" to cell "3". In the example (in Fig. 5), initially the 
binder (let's call it the key component) is only in cell 
"1". The reasons for such a hit of components from one 
cell to another (as well as the probability of this) may 
be different; Softening, thanks to this, mixing occurs 
[15]. 

 

 
Figure 5 – Illustration of a cell model based  

on Markov chains 
 
The initial state of the system is determined by the 

matrix:  

 0   0   0   10 E .  (2) 

It can be seen that the key component (all 100% of it) 
is in cell "1". In other cells, the content of the key com-
ponent is zero. Transition matrix (the matrix in which 
the state change is encoded):  





















9.01.000

1.0100

0011.0

001.09.0

iP .  (3) 

Matrix multiplication E0 on Pi gives a matrix 
E0 = (0.9  0.1  0  0). Next, we take into account that 
there is a shift due to the rotation of the drum or shaft 
of the mixer (in our case – rotation by a quarter turn – 
by one cell): 

 0   0   0.1   9.0
 

 0.9   0   0   1.01 E         (4) 

Matrix E1 is the matrix of the state after the first tran-
sition. Repeating this iteration, we obtain state matrices 
after subsequent transitions: 

E2 = (0  0  0.91  0.18), 

E1 = (0.091  0.91  0.18  0.018), 

E10 = (0.165  0.31  0.736  0.392) 

It can be seen that cement (a key component) is dis-
tributed among the cells – mixing occurs. After a cer-
tain number of transitions, the standard deviation of the 
concentration of cement in the cells will reach a value 
that we can consider necessary. Consequently, this 
modeling approach can help in process optimization 
and in the development of new faucet designs. 

The current level of development of computers and 
digital analysis systems, in particular those based on the 
methods of discrete elements (MDE) allow to simulate 
mixing processes as a process of interaction of a large 
number of individual (discrete) particles [16].  

Consequently, modern tools for modeling the mixing pro-
cess, determining criteria for assessing the intensity (qual-
ity) of mixing and assessing the significance of these criteria 
can make the process of creating new equipment the most 
efficient. 

After conducting an analysis and identifying the ad-
vantages and disadvantages of existing units for the 
preparation of concrete mixtures and mortars, it is pos-
sible to determine the main directions for the further 
development of a new design of a small-sized mobile 
concrete mixer. 

Transportation of concrete mixture from the enter-
prise to the construction site is a complex technological 
process that depends on many factors. That is why it is 
necessary to organize the process so that the concrete 
mixture has an acceptable temperature and homogene-
ity, the specified mobility, and the transportation time 
does not exceed the permissible. 

Based on this, the use of small-sized equipment for 
the production of concrete mixtures directly on the con-
struction site, as well as the provision of mobility, 
makes it possible to better perform construction work 
in conditions of limited space and reduce transportation 
costs. 

Most mixers are not automated, so loading and un-
loading is done manually or by changing the angle of 
the tray. Agitation is not controlled, which can lead to 
poor mixing efficiency in different cycles. 

Thanks to the optimal use of engine power, the crea-
tion of better working process conditions and lower 
consumption of construction materials, the economic 
efficiency of the developed equipment can be in-
creased. 

 
Conclusions 
As a result of the conducted research, a new design of 

small-sized mobile equipment for preparing concrete 
solutions was proposed, which has a number of ad-
vantages compared to traditional concrete mixers. 

Increasing the mobility of the concrete and mortar 
mixer will make it possible to optimize its placement in 
relation to the work being performed, loading and un-
loading of the mixture without the use of additional 
equipment. 

The use of complex equipment to automate the pro-
cesses of managing a mobile solution mixer will con-
tribute to increasing work productivity and reducing 
energy consumption, increasing mixing efficiency and 
optimizing the rheological properties of the mixture be-
ing prepared. 
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