30ipHnk HaykoBHX npanb. [amyzeBe MammHoOy1yBaHHs, OyAiBHULITBO
Academic journal. Industrial Machine Building, Civil Engineering
http://journals.nupp.edu.ua/znp
https://doi.org/10.26906/znp.2023.60.3183

UDC 666.972.2:620.1

Research on modes and operating parameters of
construction mixes preparing equipment

Rudyk Rostyslav'*, Bidanets Serhii?
! National University «Yuri Kondratyuk Poltava Polytechnic»  https://orcid.org/0000-0001-8386-977X

2 National University «Yuri Kondratyuk Poltava Polytechnic»  https://orcid.org/0000-0002-5346-9545
*Corresponding author E-mail: rostyslavrudyk@nupp.edu.ua

This research paper examines the various modes and parameters of operation of equipment used for preparing mortars in the
construction industry. The study emphasizes the significance of ensuring the proper functioning of mixers and mixers on con-
struction sites, as it directly affects the time and energy consumption involved in mortar preparation. The paper discusses
different types of mixers, including gravity mixers and concrete mixing buckets, and provides an analysis of their advantages
and disadvantages. Additionally, the research presents calculations and formulas for determining the power consumption and
energy efficiency of mixers. The findings of the study highlight the necessity for a scientific approach in selecting components
based on their energy efficiency in construction site conditions. By considering energy efficiency, construction professionals
can optimize the performance of mixers and reduce energy consumption, leading to cost savings and environmental benefits.
This research contributes to the existing knowledge in the field and provides valuable insights for decision-making in the
selection and operation of mortar preparation equipment in the construction industry.
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VY crarTi po3nIIHYTO pi3Hi PeXKUMH Ta MapameTpr poOOTH 00J1aJHAHHS, 10 BUKOPUCTOBYETHCS JUIS IPUTOTYBaHHs Oy/IiBeNb-
HUX PO3YMHIB y OyniBenpHii ramysi. EQexruBae npuroryBanHs OyiBeNbHUX PO3UMHIB Ma€ BUpIlIajdbHE 3HAYCHHS JJISI CBOE-
YaCcHOTO 3aBEPUICHHS OyAiBENFHUX MPOEKTIB i 3arajbHOT MPOIYKTUBHOCTI Taiy3i. JloCTiIKeHHs MiIKPECIoe BayKIIUBICTh 3a-
Oe3reveHHs HaJIeKHOTO (YHKIIOHYBaHHS 3MIITyBadiB Ha OyIiBeNbHAX MaliJaHYMKaX, OCKUTIBKH 1Ie 0e3MocepeIHbO BIUTHBAE
Ha BHTPATH Yacy Ta €HepTii Ha MPUroTyBaHHs po3uuHy. CTAaTTA MICTUTh aHAIIi3 PI3HUX THIIIB 3MIlIyBadiB, SIKi BAKOPHCTOBY-
I0ThCs1 B Oy/IiBeNbHIH ramy3i, BKIIOYalo4YX rpaBiTaliliHi 3MilIyBayi Ta KOBIII JUIsl 3MilryBaHHs OetoHy. Koxxen Tun 3minryBaya
OLIIHIOETHCS] Ha OCHOBI HOT0 IepeBar i HelOJiKiB, BpPaXOBYIOYH Taki (pakTOpH, SIK MPOCTOTa BUKOPHCTAHHS, IOTY)XHICTh 3Mi-
IIIyBaHHS Ta BUMOTH JI0 00CITyrOByBaHHs. Pe3ysbTaT 1IbOr0 aHali3y MOXKYTb JOIIOMOTTH (haxiBIsIM-OyiBeIbHUKAM y BHOOPI
HaWOIIBII MiAXOAAIOrO 3MilllyBaya /Uil KOHKPETHUX BUMOT MpoekTy. KpiM Toro, B JOCIiKEHHI HAaBEACHO PO3PaxyHKH Ta
(hopMyiH U BU3HAUCHHS €HEPTOCIIOKUBAHHS Ta €HEProeEeKTUBHOCTI 3MilTyBadiB. JIOCHiIKEHHS TAKOXK ITiIKPECITIOE BaXK-
JIMBICTh BpaXyBaHHS €HEProe()eKTUBHOCTI MPH MPOCKTYBAaHHI Ta EKCIUTyaTallil 3MINIyBayiB, OCKUIBKH II€ MOXE MTPU3BECTH [0
3HaYHOT €KOHOMII €Heprii Ta eKOJIOTIYHMX IepeBar. B pe3ynbraTi H0ciikeHb € HEOOX1MHICTh HAyKOBOTO MiAXOIY 10 BUOOPY
KOMITOHEHTIB Ha OCHOBI iX eHeproe(eKTHBHOCTI B yMOBaX OyAiBEIbHOTO MaiiTaHINKA.

KurouoBi ciioBa: GetoHHa cyMil, 6eToHO3MilTyBaY, Oy JiBeNbHUI PO3YNH, IPUTOTYBaHHS, €HEProe(pEeKTHBHICTh, TPOLYKTH-
BHICTh
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Introduction.

Nowadays, the production of various concrete prod-
ucts in Ukraine requires special attention. Usually, the
production of concrete mixtures and mortars takes
place at modern enterprises, equipped with highly effi-
cient mechanized means, or directly on the construction
site.

In the global construction engineering industry equip-
ment for concrete preparation of various characteristics
and purposes is used depending on the characteristics
of its further use. However, the importance of the
proper functioning of mixers and mixing devices on
construction sites is paid with little attention. There-
fore, the use of time for the preparation of the finished
product and the energy consumption are much higher,
compared to the production of similar products in the
factory. Due to the limited working space on construc-
tion sites, additional equipment is usually required to
meet the needs of construction activities.

Review of the research sources and publications.

One of the key aspects of successful mortar prepara-
tion is the proper selection of modes and equipment op-
eration parameters. In the modern construction indus-
try, much attention is paid to the efficiency and quality
of construction work. Ukrainian [1-4], [10-14] and for-
eign [16-19] scientists were engaged in the analysis of
various structures for the preparation of concrete mix-
tures and mortars. They were engaged not only in the
development of new materials, but also in the search for
rational solutions for the process of mixing mortars.

Definition of unsolved aspects of the problem

One of the main problems when mixing mortars on
the construction site, which constantly needs to be ad-
dressed or improved, is the problem of energy effi-
ciency.

There is a need to investigate the effective use of au-
tomation and control systems, which can help in opti-
mizing energy efficiency during the concrete mix prep-
aration process.

Insufficient theoretical grounding of the energy pa-
rameters of work processes related to the preparation of
concrete mixtures from the point of view of efficient
use of consumed power and reduction to a rational level
of energy intensity at all stages does not allow the cre-
ation of effective technological sets of equipment for
various construction conditions. This restrains the de-
velopment of high-performance technologies for con-
struction work on the construction site.

Problem statement

The purpose of this work is to investigate the modes
and operating parameters of equipment for preparing
construction mixes and to optimize the construction
process with a focus on energy efficiency.

To achieve this goal, it is necessary to analyze the
main methods of preparing mortars and methods for de-
termining the energy efficiency of the equipment used
for mixing, determine the advantages and disad-

vantages of such equipment and methods for calculat-
ing energy efficiency, determine the further vector of
research.

Basic material and results

Using different mixers to prepare concrete mortar di-
rectly on the construction site has become a common
practice in the construction industry. This opens up op-
portunities for optimizing the construction process and
ensures the high quality of concrete structures. Differ-
ent types of faucets are used depending on the specific
requirements and needs of the construction project.

Mixers on the construction site allows to precisely
control the composition of the concrete mixture and
consistency, which makes it possible to create rational
conditions for a specific construction task. This practice
simplifies the process of making concrete, allowing you
to quickly adjust and adapt the mixture to changing
construction conditions [6].

On-site mixers also help reduce the cost of transport-
ing the finished concrete mix from the plant, which im-
proves production efficiency. They avoid overproduc-
tion and store concrete in the required quantities, which
helps to save resources.

In general, the use of concrete mortar mixers directly
on the construction site is an important component of
modern construction [9]. It simplifies the construction
process, increases quality control and allows efficient
use of resources, ensuring high productivity and relia-
bility of construction projects. Gravity and forced mix-
ers, which differ in the principle of operation, mobility
and mixing method, have become widely used.

One of the most common types of equipment for the
preparation of concrete mortars on a construction site is
a gravity mixer (Fig. 1). In gravity mixers, materials are
mixed in a rotating drum with blades fixed on the inner
surface. As the drum rotates, the material is captured
and lifted by the blades, and then, due to the action of
gravitational forces, it moves down.

Figure 1 — Gravity Concrete Mixer

Gravity mixers are noted for their simple design, low
energy consumption, and the ability to mix materials
with large particulate matter. However, they also have
their disadvantages, such as the relative duration of the
mixing process and the difficulty of achieving complete
homogeneity of the mixture when mixing materials that
are rigid and have a fine-grained structure.
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Concrete mixing buckets are also widely used
(Fig. 2). These are special devices designed for mixing
concrete, cement mixtures and other building materials
directly on the construction site, using the power and
mobility of the chassis on which they are installed (trac-
tor, own self-propelled).

Figure 2 — Concrete mixing bucket

The front loader operator loads the necessary mixing
components into the bucket. After that, the bucket rises
above ground level and the rotation of the working
body inside the bucket begins. This mixing takes place
under conditions of high speed and intensity to ensure
homogeneous mixing of materials. Due to the mobility
of the chassis on which it is installed, it is possible to
move the concrete mixture around the construction site
at the time of mixing.

The advantages of this equipment are mixing effi-
ciency, quality control and mobility. And the disad-
vantages are the difficulty of cleaning to avoid contam-
ination of subsequent mixtures and the dependence on
an excavator, which is sometimes not suitable for all
construction projects.

When comparing these mixers, you need to take into
account that they have different designs, mixing times
and energy efficiency, and the technical performance of
the mixers is determined according to their volume and
mixing time:

k,
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where, IT — mixer performance, m*/h;
t. — cycle time duty, s;

V, — volume of the finished mixture, m?;
kmwh — coefficient that takes into account the volume
of the mixer's working body (kuws = 0,92...0,98);

kr— coefficient filling the faucet body with mortar;
t,- — mix preparation duration, s;
tou — mix pumping duration, s;
ts: — downtime and maintenance time, s.

Most of the works [10-11] devoted to mixing consid-
ered the processes of movement and mixing of building
mixtures, the identification of the efficiency of mixing,
and the catalyzing of chemical processes. Only a small
part of the work relates to the study of the movement
and suspensions and other viscoplastic bodies mixing.

In the works of foreign scientists [5], the rational di-
ameter ratio, blade width and mixer body size, as well

as the dependence of power and efficiency of mixing
on the speed were established. To calculate the power,
W, the following formula was proposed:

P=9,81-C-(D+4H)-sin(L13¢-12): p"* - p**" - n*" . D**

where C — resistance coefficient;

D — mixing ladle diameter, m;

H — mixing ladle height, m.

P, H — density and viscosity of the medium to be
stirred;

n — blade rotation speed;

& _indicator of the degree depending on the mixing
conditions.

In research, the equation of energy consumed for mix-
ing is presented in the form of a functional dependence
on the criteria of Reynolds and Froude.

Most scientists have come to the conclusion that
when determining the power consumption during the
mixing of viscous liquids, the most significant influ-
ence is exerted by the Reynolds criterion.

The intensity of the mortar mixer action is character-
ized by the time required to achieve a specific techno-
logical result at a constant speed of rotation of the
working body or vice versa. According to the work
[14], the intensity of mixing can be determined using
the angular velocity of the working body @, rad/s; lin-
ear velocity of the working body on the outer diameter,
V', m/s; power P, W, which is spent on mixing, which
is reduced to a unit of volume or a unit of mass of the
mixture; Reynolds' criterion

2
R - w-d -p
n
where d — diameter of the mixer working body, m;
p — density kg/m’;

n — structured viscosity coefficient, Pa's.

As mentioned earlier, mixing efficiency is character-
ized by the amount of energy expended to achieve the
desired technological effect. Of the two mortar mixers,
the one that achieves a certain technological effect at
lower energy consumption will be more efficient. To
select the optimal size and operating modes of mortar
mixing plants, it is also necessary to apply the mixing
efficiency.

In studies, the following formula is provided to cal-
culate power
4,33~D4’57 278 'p0,78 .‘uo,22

10° , Kw

It is clear that in the study of fluid flow in each case
it is necessary to take into account the most significant
principal factor. In some cases, it is not possible to take
into account the Reynolds and Froude criteria at the
same time. If the mixer blades are completely immersed
in the solution, then the main importance is Re. The
forces of gravity will be negligible, so in some cases the
Froude criterion can be ignored.

According to the conducted analysis, the method of
calculating screw-type mixers was used, the starting

P=
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point of which is Newton's law. The proposed depend-
encies for calculating the power of mixers can be pre-
sented in the general case

3
p="7 w-b-n’ -(r4 —r4), Kw
60’

where 7., 7in — outer and inner radiuses of the blade,
respectively;

y —indicator of the degree depending on the mixing
conditions;

b — blade width.

y — initial current phase.

In the study of the main regularities of fluid move-
ment in mixers, the importance of certain components
that significantly affect the design power was revealed,
namely, the shape of the free surface, the distribution of
flow rates, the circulation pattern and the dependence
of the above phenomena on the design and kinematic
parameters of the mixers. The values of the drag coef-
ficients are set depending on the ratio of the blade size
and their number. Therefore, the specific power con-
sumption per unit volume of the mixture is in the ratio

p - A xwi

DWl

where A — constant ratio;

D — mixer blade diameter, m.

Analyzing this expression, it can be concluded that
the specific power consumption decreases with an in-
crease in the blade diameter, and therefore the hopper
size.

In the study of energy indicators [12], namely, the
specific energy consumption of mixers of cyclic forced
action, it is proposed to calculate the value by the for-
mula

qé:i,W/l
v

where P. — power on the mixer drive shaft, W;
V- mixer hopper volume, 1.

It has been established that the value of the q. has

some deviations from the mean. Of particular interest
are the unexplored deviations of the magnitude ¢, from
the average towards a decrease in specific energy con-
sumption. Dependence analysis of mixers power and
other parameters of the volume can be used for the pre-
dictive calculation of mixers, therefore, it is proposed
to use the dependence of the drive power on the volume
of the mixer to assess the technical level of existing
mixer designs. It has been determined that the technical
characteristics of the existing equipment do not take
into account a number of design and technological in-
dicators.

According to the studies analysis of the relationship
between specific energy consumption 4/ of installed

electric motors and mixer capacity V by different types
of domestic production. According to the results of the
research [12] a dependency graph /- f(v) was ob-

tained, shown in Fig. 3. It was concluded, that by devi-
ation of the ¢4/ value, gravity cyclic mixers have less
than cyclic forced mixers.

Specific energy consumption qé of cyclic forced
mixers have a significant range of values. This con-
firms the assumption that there is no unified method for

calculating the energy performance of cyclic forced
mixers.
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Figure 3 — Dependence of specific energy consump-
tion on forced volume /
and gravity 2 cyclic mixers ¢/ = 7 ()
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Figure 4 — Dependence of specific energy consump-
tion on the relative power consumption of forced /

and gravitational 2 cyclic mixers ¢/ = f(q.)

Figure 4 shows a graph of dependency ¢ — 7(q.)> that

is, the specific energy consumption from the relative
power consumption, which is determined by the fol-
lowing formula

P
=—<, W/
q. 17

where /7 — mixer productivity, 1/h.
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A decrease in specific energy consumption is associ-
ated with a decrease in relative power consumption.
This allows to assert that it is not enough to know the
power of the drive to assess the efficiency of mixers,
since energy consumption depends on the power of the
electric motor, its efficiency, power reserve factor and
mixing time [13].

Most studies show that for concrete mixtures, the en-
ergy consumption for mixing depends on the speed of
rotation in the first and second powers, for liquids the
power indicator is three or four.

There is a need to develop a methodology that in-
cludes design features, working bodies, modes of their
operation, total energy consumption in the conditions

of work on the construction site.

Conclusions

As a result of the research, an analysis was conducted
on the main methods of preparing mortars and the en-
ergy efficiency aspects of different mixing methods.
Promising approaches to enhance the manufacturing
process of mortars in the construction industry were
identified. Considering the advantages and disad-
vantages of various mixing methods and their energy
efficiency, it can be argued that developing a scientific
approach to component selection based on the highest
energy efficiency in construction site conditions is both
possible and necessary.
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