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EFFICIENCY IMPROVEMENT OF CONCRETE MIX PREPARATION AND
MORTAR DELIVERY PROCESSES IN CONSTRUCTION
TECHNOLOGICAL COMPLEXES

Abstract. The research relevance is determined by the need to improve construction
production technological set operational efficiency ensuring concrete mix preparation
and plastering mortar delivery under variable operating conditions. The study objective
is to establish relationships between mixing equipment kinematic parameters,
construction medium rheological characteristics, and conveying system geometric
parameters and the technological set generalized efficiency indicator. The study uses
mathematical modelling methods of construction mix mixing and transportation
processes considering their structural-mechanical properties and equipment energy
characteristics. An extremal dependence of the generalized efficiency indicator on mixer
working body rotational speed was established, and the influence of mixture rheological
parameters and pipeline system geometric characteristics on pressure loss and material
delivery stability was determined. The obtained results enable substantiation of rational
construction mix preparation and transportation technological set operating modes

considering process energy and technological indicators.

Keywords: concrete mix, mortar, mixing equipment, 3D printing, transportation, pump,
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Problem statement. Modern construction technological sets ensuring concrete
mix preparation and plastering mortar delivery are characterized by a high mixing,
conveying, and auxiliary equipment integration level within a unified functional
system. Such system operational efficiency is determined not only by individual
machine productivity but primarily by joint operation parameter coordination
affecting material delivery stability, mixture homogeneity level, and technological

process energy consumption.
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Traditional construction mix preparation and transportation process efficiency
assessment approaches are mainly based on mixing equipment productivity, specific
energy consumption, and mixture homogeneity indicator analysis. However, such
approaches insufficiently consider relationships between mixer working body
kinematic parameters, construction medium rheological characteristics, and
subsequent delivery condition parameters to placement or application
locations [1, 2].

Particular relevance is associated with concrete mix and plastering mortar
delivery stability provision problems in construction technological sets operating
under variable load conditions, material physical-mechanical property variation, and
process energy consumption reduction requirements while maintaining specified
technological process parameter. Insufficient construction mix preparation and
delivery mode coordination leads to material transportation uniformity reduction,
energy loss increase, and finished building structure and finishing coating
operational characteristic deterioration [3, 4].

In this regard, the need arises for construction technological set concrete mix
preparation and plastering mortar delivery process efficiency improvement
approaches based on integrated mixing equipment kinematic parameter,
construction medium rheological property, and conveying system energy
characteristic consideration.

Analysis of recent studies and publications. Studies devoted to concrete mix
mixing process investigation have established that homogeneous mixture structure
formation efficiency is largely determined by mixer working body motion kinematic
parameters, mixing chamber geometry, and component mixing mode characteristics.
Considerable attention is given to mixing process intensification through mixer
working body rotational speed optimization, structural parameter modification, and
combined material motion mode application within the mixer working volume [5, 6].

A separate research direction is associated with pipeline transport and
pumping unit concrete mix and plastering mortar delivery efficiency provision.
These studies show that conveying system productivity is determined not only by
pumping equipment structural parameters but also by construction medium

rheological characteristics, particularly density, plastic viscosity, and yield shear
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stress. Material property variation during transportation was found to significantly
affect delivery stability and equipment operational energy performance [7].

Modern construction process mechanization studies indicate the feasibility of a
technological set operation analysis system approach involving mixing equipment
and conveying machine parameter coordination considering construction mix
rheological properties and material movement modes. Such an approach enables
material delivery stability improvement, process energy consumption reduction, and
required mixture homogeneity level provision during transportation to placement or
application locations [8, 9].

Research objective is construction technological set concrete mix preparation
and plastering mortar delivery process efficiency improvement through
establishment of relationships between mixing equipment kinematic parameters,
construction medium rheological characteristics, and conveying system energy
performance indicators. To achieve this objective, substantiation of a mixing and
material delivery process parameter coordination approach ensuring mixture
transportation stability improvement and technological process specific energy
consumption reduction is proposed.

Presentation of the main research material. Concrete mix preparation and
plastering mortar delivery processes in modern construction production are
implemented within technologically interconnected machine and mechanism
systems whose operation is determined by mixing equipment working body motion
parameters, material structure formation conditions, and material transportation
modes to application locations. The interaction character of these processes
significantly affects mixture flow rate stability, structure homogeneity level, and
overall technological system energy performance indicators [10, 11].

A modern construction mix preparation and delivery technological set
development direction is their application in additive construction element
formation systems using layer-by-layer material deposition methods. In such
technologies, concrete mix and construction mortar delivery processes are
implemented through specialized extrusion nozzle systems ensuring continuous
building element formation without traditional formwork application. Construction
3D-printing system technological equipment operational efficiency is determined by
material flow rate stability, preparation and transportation mode coordination, and
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mixture rheological characteristic compliance with extrusion deposition process
requirements [12].

A specific feature of construction mix delivery processes in 3D-printing
technologies is increased material structure homogeneity requirement, rheological
parameter stability requirement, and layer formation stage flow rate uniformity
requirement. Mixing parameter mismatch with material transportation and
deposition conditions leads to formed element geometric accuracy violation and
building structure quality reduction. In this regard, construction technological set
concrete mix preparation and plastering mortar delivery efficiency improvement
becomes particularly relevant for automated material deposition system application
in additive construction technologies [13].

Construction mix preparation and delivery technological sets include a mixing
unit, receiving hopper, volumetric or screw-type conveying device, pipeline
transportation system, and material delivery executive working body. Functional
parameter interdependence of these elements is observed, since mixing unit
operating characteristic variation leads to construction medium rheological property
change, which subsequently determines transportation condition parameters.

Technological set productivity is determined by mixing and conveying

equipment productivity ratio and can be expressed by the following relationship

0=min(0Q,,.0,). )

where Q — productivity of the technological set, m*/h;
Q,, — mixing equipment productivity, m*/h;
Q,, — material delivery system productivity, m®/h.

The given relationship reflects the need for mixing and conveying equipment
operating mode coordination, since individual system element productivity
exceedance does not ensure corresponding technological process overall
productivity increase.

Construction mix delivery parameter characteristics are significantly
influenced by component mixing stage formed rheological properties. The main

parameters determining pipeline system material movement conditions include,
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belongs the density of the medium p, plastic viscosity x4 and ultimate shear stress

7, , on which the value of pressure losses during transportation depends

Ap:f(paﬂaroaLaD’V)’ 2)

where Ap — pressure loss during the transport of the mixture, Pa;

L - pipeline length, m;

D - inner diameter of the pipeline, m;

v — average velocity of the mixture, m/s.

Construction medium characteristic formation is determined by component
mixing intensity, mixing duration, and mixing equipment working body motion
kinematic parameters, which necessitates mixture structural and rheological
property variation relationship consideration during preparation processes.

Concrete mix and plastering mortar preparation processes are accompanied by
continuous component spatial distribution change within the mixer working volume,
resulting in gradual formation of homogeneous material structure with specified
physical-mechanical and rheological characteristics. This process intensity is
determined by mixing equipment working body motion kinematic parameters,
working chamber geometry, and material mixing duration [14].

Mixing process efficiency evaluation is advisable based on mixture
homogeneity coefficient characterizing component distribution uniformity degree
within the mixer working volume and can be expressed by the following relationship

ko =1-—, (3)
Oy
where k,, — mixture homogeneity coefficient;

o — post mixing controlled component concentration standard deviation;

o, — initial mixture component concentration standard deviation.

Mixture homogeneity coefficient variation during mixing has an exponential

character and can be described by the following relationship
k,, =1—exp(-pt), @)

where £ - mixing intensity factor, s;

t — mixing duration, s.
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Mixing intensity coefficient depends on mixer working body rotational speed,
mixing device structural parameters, and construction medium properties and can

be represented by the following functional relationship
ﬁzf(n,R,p,,u), (5)

where n — mixer working body rotational speed, s!;

R - characteristic material particle displacement radius in the mixer, m;

o — mixture density, kg/m?;

u — viscosity of the medium, Pa-s.

With increasing mixing duration, construction mixture homogeneity degree
increases, resulting in rheological characteristic stabilization and conveying system
material delivery nonuniformity reduction. At the same time, required mixture
structural parameter formation is accompanied by yield shear stress and effective
medium viscosity variation determining subsequent pipeline or volumetric pump
working body transportation conditions.

Considering these factors, pipeline system mixture mean flow velocity can be
represented by the following relationship

V=Z, (6)

where v — average velocity of the mixture, m/s;

Q - material consumption, m3/s;

A - cross-sectional area of the pipeline, m?,

which enables transition to construction mix delivery process energy parameter
analysis considering mixing-process-formed medium rheological characteristics.

Concrete mix and plastering mortar motion in pipeline delivery systems is
accompanied by hydraulic resistance occurrence determined by medium rheological
properties, pipeline geometric parameters, and material transportation velocity. For
construction mixtures characterized by yield shear stress presence, pressure drop—
material flow velocity relationships are advisable to describe based on generalized
viscoplastic medium rheological models [15].

In this case, the pressure drop during the transportation of the mixture through

a pipeline with a length of L can be represented by addiction
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47 v
Ap =— +u—|, 7
\p D[TO luDj (7

where Ap - differential pressure along the pipeline, Pa;
L - pipeline length, m;
D - inner diameter of the pipeline, m;

7, — maximum shear stress of the mixture, Pa.

Yield shear stress or plastic viscosity increase leads to pipeline system pressure
loss increase and corresponding material transportation energy consumption
increase, which necessitates mixing process parameter consideration when
determining rational construction mix delivery operating modes.

Power required for pipeline system material transportation can be determined

by the following relationship

N=ﬂ’ (8)
n

where N — drive power of the conveying system, W;

n — conveying unit efficiency coefficient.

For delivery systems using screw working bodies, conveying equipment
productivity is determined by screw pair geometric parameters and rotational speed

and can be represented by the following relationship

Qmp Zk'l’l, (9)

where k - delivery coefficient depending on working body geometric
parameters and material properties;

n - rotor rotational speed, s .

Construction mixture rheological characteristic variation after the mixing
process leads to screw pump delivery coefficient change directly affecting material
flow rate stability and transportation process energy performance indicators. In this
regard, mixing equipment parameter coordination with conveying system operating
modes ensures material delivery stability and overall technological set operational
efficiency improvement.

Considering mixing and construction mix transportation process parameter

interrelationships, technological set operational efficiency representation as an
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integrated indicator considering system productivity, material delivery stability, and
process energy consumption is advisable.

Considering mixing and construction mix transportation process parameter
interrelationships, technological set operational efficiency representation as an
integrated indicator considering system productivity, post-mixing material
homogeneity degree, and delivery process energy consumption is advisable. Such an
approach enables quantitative evaluation of mixing and conveying equipment
operating mode effects on technological process resulting parameters.

Technological set overall operational efficiency indicator can be represented by

the following relationship

Q. k.,
Ked) :pTa’ (10)

where K, — generalized indicator of the technological set efficiency;

N - drive power of the conveying system, W.

The proposed indicator enables simultaneous mixing and transportation
parameter influence consideration on technological set operational performance and
provides the possibility of different operating mode comparison based on an integral
criterion.

Considering conveying system power determination by pipeline pressure drop
and material flow rate, the integrated efficiency indicator can be represented by the
following relationship

= %}". (11)

The obtained relationship reflects mixing-process-formed material rheological
characteristic influence on subsequent pipeline delivery system transportation
energy parameters. At the same time, yield shear stress and effective medium
viscosity reduction contributes to pressure loss reduction and technological set

operational efficiency improvement.
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Figure 1 — Technological set integrated efficiency indicator dependence on mixer working
body rotational speed

Based on the obtained analytical relationship, a technological set integrated
efficiency indicator variation versus mixer working body rotational speed graph was
constructed. Graphical relationship analysis shows that rotational speed increases
up to a certain value results in technological set operational efficiency improvement
due to mixture component mixing intensity increase and mixture homogeneity
improvement. Further rotational speed increase is accompanied by mixing process
energy consumption growth leading to integrated efficiency indicator reduction. The
obtained relationship enables determination of a rational mixer working body
rotational speed range ensuring maximum construction mix preparation and
delivery process efficiency.

Considering mixture homogeneity coefficient dependence on mixing duration
and mixer working body motion kinematic parameters, the integrated efficiency

indicator can be represented by the following functional relationship

K,, = f(n.t,p,u,7,,L,D). (12)

Technological set operational efficiency representation as a function of these
parameters enables determination of rational mixing and conveying equipment
operating modes considering construction medium properties and material delivery

conditions.
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Technological set operational efficiency representation as a functional
dependence on mixing equipment kinematic parameters, construction medium
rheological characteristics, and conveying system geometric parameters enables
establishment of construction mix and plastering mortar preparation and delivery
process performance variation relationships under real equipment operating
conditions. The determining parameters influencing the integrated efficiency
indicator value include mixer working body rotational speed, material mixing
duration, mixture yield shear stress, effective viscosity, and delivery pipeline system
geometric characteristics.

Mixture vyield shear stress and plastic viscosity significantly influence
technological set operational efficiency, since their reduction contributes to delivery
pipeline system pressure loss reduction and material transportation stability
improvement. Delivery pipeline length increase leads to proportional pressure loss
growth, whereas pipeline diameter increase reduces mixture flow hydraulic
resistance.

Conclusions. As a result of the conducted study, technological set concrete mix
preparation and plastering mortar delivery operational efficiency variation
relationships depending on mixing equipment kinematic parameters, construction
medium rheological characteristics, and material transportation system geometric
parameters were established. It is shown that the technological set integrated
efficiency indicator has an extremal dependence on mixer working body rotational
speed, enabling determination of rational operating modes considering required
mixture homogeneity degree provision and process energy consumption
minimization.

It was established that construction mixture rheological characteristics,
particularly yield shear stress and effective viscosity, significantly affect delivery
pipeline system pressure loss magnitude and material transportation stability.
Conveying system geometric parameter influence on delivery process energy
performance indicators was substantiated, enabling determination of rational
pipeline parameters depending on mixture physical-mechanical properties and
equipment operating conditions.

The obtained results create theoretical prerequisites for construction

production technological set operational efficiency improvement through mixing
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and conveying equipment operating mode coordination with material rheological
characteristics and delivery system structural parameters, ensuring construction mix
preparation and transportation process productivity increase with simultaneous
specific energy consumption reduction.
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K.I. TTouka, JI.K. ITonimyk, M.O. [Ipucraiino, P.I. CuBaxk

HNIABUIIEHHS EOEKTUBHOCTI ITPOLECIB ITPUT'OTYBAHHS TA ITOJAYI
BETOHHUX CYMIIIEH I IITYKATYPHUX PO3UNHIB V TEXHOJIOTTUHUX
KOMIUVIEKCAX BYIBHUIITBA

AHomauis. Y cmammi docnioxeHo 8niue KiHeMamuyHux napamempie 3miuly8anbHo20
00/1a0HAHHS, peosIo2iUHUX Xapakmepucmuk OemoHHUX cymiwell i wmykamypHux
pO3UuHIi8 ma 2eoMempudyHuX napamempie cucmem noodaui Ha egekmueHicmo
(YHKUIOHYBAHHS MeXHOJI02iuHUX KomMniekmig 0ydieHuymea. Ocobusy ysazy hpuoiieHo
8CMAHOBJIEHHID 83AEMO38’°13KY MiX napamempamu Npoyecie 3MIiuly8aHHs mamepiaty

ma ymosamu lio2o nodanvuiozo mpaHcnopmyeaHHs 00 MiCuﬂ yKJlaaaHHﬂ abo HaHeceHHsl.

3anponoHo8aHo y3azanvHeHuUll NOKA3HUK e(eKmueHoCmi MmexHoJ102i4H020 KOMNIeKny,
AKUll  8paxosye nNpoOyKMuUBHICMb Npouecy Npuzomye8adHss cymiuli, cmyniHo ii
00HOpiOHOCMI  nicisa  3MIWYBAHHS Ma  eHepzemuuHi  eumpamu  hid  uac
MpaHcnopmyeaHHs mpybonpogioHumu cucmemamu nodaui. Ha ocHO8i 8UKOpUCMAHHS
AHANIMUYHUX ~ 3a7IeXcCHOCmell  6CMAHO6/IEHO  3AKOHOMIPHOCMI  3MIHU  NOKA3HUKIG
ehekmusHOCMI 3anexcHo 8i0 pexcumie pobomu 3MIUY8ANbHO20 | MPAHCNOPMYHUO20

0071a0HaHHSL.

BcmatoeneHo excmpemanvHUll xapakmep 3aiexcHOCMi Y3azabHeH020 NOKA3HUKA
ecpexmusHocmi 8i0 uacmomu 06epmanHs pobOU020 0p2aHa 3MIiuLy8aua ma 8U3HAYEeHO
8niug8 napamempie mpyb6onpogioHoi cucmemu Ha empamu Mucky nid uac nodaui
mamepiany. OmpumaHi pe3ynemamu 00380110Mb 00rpyHMy8amu  payioHanbHi
pexcumu  (yHKYIOHYBAHHS 3MIULY8ANIbHO20 [ MPAHCNOPMYIOH020 O0071A0HAHHA ma
nidsuwjumu cmabinvHicms nodaui 6ydigenvHUX cymiuleli y MexHOJI02IUHUX KOMNJIEKMax

cyuacHozo0 6ydisHuymaa.
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Knrwuoei cnoea: 0GemoHHa Ccymiwi, po3uuH, 3miwlysanvHe 001a0HAHHS, 3D-0pyK,
MpaHcnopmyeaHHsi, Hacoc, peonozis, mamemamuuHe MOOeN8aHHS,

eHepzoepeKmusHicmo, nepekauye8aHHsi.
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