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Features of concrete mix and mortar preparation process implementation
considering delivery conditions

Abstract. The article investigates specific features of concrete mix and construction mortar preparation process implementation
with regard to delivery conditions to the working zone of construction operation execution. The influence of mixing element
kinematic parameters, medium structural-mechanical characteristics, and conveying system design parameters on technological
property formation of mixtures during their movement is considered. The role of mixing regime influence on material rheological
parameter formation determining pipeline transport intensity and subsequent application quality is demonstrated. Particular
attention is given to mixture parameter requirements under building element layer-by-layer formation technology using 3D
printing. The obtained results can be applied for mixing and feeding equipment operating parameter selection under various
construction production conditions.
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Introduction.

Modern construction production technological
processes are characterized by transition from isolated
individual operation analysis to integrated interaction
analysis of concrete mix and construction mortar
preparation, transport, and placement stages. Under
practical conditions, material application efficiency is
determined not only by mixing parameter values but
also by delivery condition features to the technological
operation working zone. Mixing regime variation
affects mixture structural state, directly influencing
pipeline transport capability and subsequent placement
or forming process applicability.

Under modern construction  mechanization
conditions,  material  rheological  characteristic
consideration becomes especially important for mixing

and conveying equipment operating parameter
selection. Insufficient pipeline geometric parameter
influence, material feed rate, and mixing element
operating regime consideration leads to technological
machine set productivity reduction and formed
structure quality deterioration. Therefore, technological
property formation process investigation with delivery
condition consideration at all construction work
execution stages becomes necessary.

Particular interest is associated with the application
of concrete mixes and construction mortars in building
element layer-by-layer formation technology using
construction 3D printing, where material mobility,
homogeneity, and extrusion feed capability
requirements determine the possibility of target
geometry product fabrication without traditional

Academic journal. Industrial Machine Building, Civil Engineering. - 1 (66)' 2026

ISSN: 2409-9074(print) 153


http://journals.nupp.edu.ua/znp
https://doi.org/10.26906/znp.2026.66.4353
https://orcid.org/0000-0002-0355-002X
https://orcid.org/0000-0002-5916-2413
https://orcid.org/0000-0003-3151-4680
http://orcid.org/0000-0002-5548-6971
mailto:pochka.ki@knuba.edu.ua
https://creativecommons.org/licenses/by-nc-sa/4.0/

formwork application. This necessitates refinement of
mixture preparation regime selection approaches with
consideration of transport conditions and forming
conditions in digitally controlled construction systems.

Review of Research Resources and Publications.

Modern studies devoted to concrete mix and
construction mortar preparation demonstrate a
transition from analysis of individual technological
operations to consideration of these processes as
components of an integrated material transport and
forming system in the construction working zone.
Significant attention is given to structural-mechanical
characteristic influence on mixture capability to move
through pipeline systems, pass through pumping
equipment working elements, and ensure required
construction forming parameters [1, 2].

A separate research direction is associated with
investigation of cement composition movement
conditions in conveying channels of different
geometry. It is established that medium rheological
parameters, including yield stress, effective viscosity,
and aggregate granulometric composition, determine
mixture movement character in pipelines and influence
feed process energy consumption. Therefore, a
significant number of studies are focused on pumping
system parameter investigation and construction
material transport regime analysis within technological
machine set structures [3, 4].

During recent years, the number of studies devoted
to concrete mix application in building element layer-
by-layer formation technology using 3D printing has
significantly increased. In such technologies, the
material sequentially passes through mixing, transport,
and extrusion feed stages, which determines increased
technological characteristic requirements at each
process implementation stage. Particular attention is
given to ensuring required mixture mobility during
feeding and material capability to retain target shape
after forming channel exit [5, 6].

Problem statement.

Under modern construction production conditions,
technological property requirements for concrete mixes
and construction mortars increase not only at the
preparation stage but also during delivery to the work
execution location. Pipeline and extrusion system
application practice shows that mixing parameter
values significantly influence material capability to
move through conveying channels, pass through
equipment working elements, and ensure required
construction forming quality.

This problem becomes especially relevant under
modern continuous placement and building element
layer-by-layer formation technology application,
particularly in construction 3D printing processes,
where material must simultaneously satisfy transport
and forming requirements. This necessitates
investigation of mixture preparation  process
implementation features with delivery condition
consideration in construction machine technological
systems.

Main material and results.

The concrete mix and construction mortar
preparation process within modern technological
systems should be considered not as an isolated
component mixing operation but as an initial stage of
material technological property complex formation
determining its subsequent behavior during pipeline
channel transport, passage through pumping units, and
structural element forming in the working zone. At the
mixing stage, solid phase redistribution within the
medium volume occurs, primary structural bond
breakdown between cement stone particles takes place,
aggregate grain contact formation develops, and
uniform surface wetting by the binder component is
achieved. As a result, a mixture structural-mechanical
state is formed that subsequently determines
technological channel transport conditions and feed
process energy consumption [7].

A quantitative characteristic of mixing process
intensity can be represented by specific energy
transmitted to the mixture by mixer working elements,
which is determined by the following relation

Pt
%4

E 1)

where P — mixing mechanism drive power, W;

t — mixing duration, s;

V — mixture volume, m3,

With increasing specific mixing energy, cement
component dispersion process intensification and
medium aggregate structure breakdown occur,
accompanied by rheological characteristic variation.
Under practical conditions, this is manifested by
effective viscosity and yield stress reduction, which
creates favorable conditions for subsequent transport
through conveying systems of different types [8].

An important factor determining technological
property variation character during mixing is the
kinematic operating regime of mixing equipment. With
increasing working element motion velocity, medium
particle mutual displacement process intensification
occurs, which leads to more uniform component
distribution throughout the volume and local high solid
phase concentration zone reduction. In general form,
specific mixing energy influence on mixture effective
viscosity can be described by an exponential relation

u= e, 2

where u, — initial mixture effective viscosity before
mixing, Pa-s;

k — coefficient accounting for mixer design features
and mixture composition;

E — specific mixing energy.

Such dependence character indicates gradual medium
internal resistance reduction with increasing mixing
intensity, while the most significant changes occur at
initial technological process stages.
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Figure 1 — Effective viscosity dependence on specific

mixing energy

As shown by the graphical dependence (Fig. 1),
increasing specific mixing energy causes intensive
mixture effective viscosity reduction at the initial
process stage, which is explained by primary structural
bond breakdown between medium particles. Further
mixing energy increase is accompanied by less
pronounced viscosity variation, indicating gradual
achievement of a rational mixture structural state.

At the same time, specific mixing energy increase
is accompanied not only by medium rheological
parameter variation but also by formation of conditions
for mixture homogeneity improvement, which is of
fundamental importance during transport through long
pipeline systems. Nonuniform component distribution
in the flow leads to local hydraulic resistance increase
of material movement and load increase on conveying
equipment working elements. Therefore, rational
specific mixing energy value selection ensures the
required level of mixture technological properties
without excessive energy consumption increase for its
preparation [9].

This approach becomes especially important under
continuous  construction mix feeding system
application, particularly screw and extrusion
mechanisms, where material flow parameters are
determined not only by composition but also by
structural state formed at the previous mixing stage.
Under such conditions, specific mixing energy
variation directly influences conveying channel filling
character, material feed uniformity, and subsequent
forming conditions in the technological operation
working zone, including layer-by-layer material
placement processes in construction 3D printing
systems.

Further technological property formation of
concrete mixes and construction mortars is largely
determined by mixing equipment kinematic
parameters, among which working element rotation
frequency plays a decisive role. With increasing
rotation  frequency, medium particle relative
displacement process intensification occurs, interaction
intensity increases, and the number of local structural
heterogeneities in the mixture volume decreases. This
is accompanied by gradual cement-sand medium
spatial structure breakdown and shear resistance
reduction, which creates favorable conditions for

subsequent material transport through pipeline systems
[10].

Mixture  structural-mechanical  characteristic
variation under mixer working element action can be
described by vyield stress dependence on working
element rotation frequency, which in the general case
has an exponential character and is determined by the
following relation

7o =790 ", ©))
where 7,, — initial mixture yield stress before
mixing, Pa;

b — empirical coefficient accounting for mixer
design features and mixture composition;

n —mixer working element rotation frequency, rpm.

The presented relation reflects medium internal
resistance reduction with increasing mixing intensity
and allows evaluation of material movement condition
variation in conveying channels depending on
equipment operating regimes.
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Figure 2 — Dependence of yield stress on rotational

speed of the mixer

As shown by the graphical dependence (Fig. 2),
increasing mixer working element rotation frequency
causes mixture yield stress reduction, indicating
gradual internal structure breakdown. Further rotation
frequency increase is accompanied by less intensive
variation of this parameter, corresponding to mixture
transition to a state with minimal internal resistance to
movement.

Simultaneously with yield stress reduction, mixture
effective viscosity variation occurs, which also
determines movement character in pipelines and
forming channels. Under practical conditions, this is
manifested by hydraulic resistance reduction of
material movement and load reduction on pumping
equipment working elements. Consideration of this
phenomenon enables rational mixing element rotation
frequency selection depending on conveying line
length, pipeline diameter, and required feeding system
capacity.

At the same time, excessive mixer working element
rotation frequency increase may lead to excessive
structural bond breakdown in the medium and
deterioration of forming properties after forming
channel exit. This is especially important under
extrusion material feeding system application, where
mixture capability to retain formed layer geometric
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parameters after placement must be ensured. Therefore,
determination of a rational mixing element rotation
frequency range is one of the key tasks in technological
equipment operating regime selection in concrete mix
transport and layer-by-layer forming systems,
particularly in construction 3D printing processes [11].

The subsequent stage of technological process
implementation after formation of required mixture
structural-mechanical characteristics is associated with
transport through pipeline systems to the construction
operation working zone. Process efficiency is largely
determined by medium flow parameters in conveying
channels, pipeline geometric characteristics, and
mixture rheological properties formed at the previous
mixing stage. At the same time, material movement
resistance in the pipeline depends on particle
interaction within the medium and with the conveying
channel internal surface, which directly influences feed
process energy consumption.

Concrete mix and construction mortar movement
through pipelines should be considered as structured
medium flow with yield stress presence, which allows
transport process description using a generalized plastic
medium model. In this case, pipeline pressure loss
along the length can be determined by the following
relation

47,L . 32uVL
D D?

Ap= ’ (4)

where Ap — mixture transport pressure loss, Pa;
7, — material yield stress, Pa;
A —medium effective viscosity, Pa-s;
L — pipeline length, m;
D — pipeline diameter, m;
V — mean flow velocity, m/s.

The presented relation allows evaluation of the
combined influence of medium structural parameters
and conveying system geometric characteristics on the
required feeding pressure magnitude.

Analysis of the presented relation shows that with
increasing pipeline length, pressure losses increase
proportionally to conveying line length, which
becomes especially significant during mixture feeding
over long distances or in the vertical direction.
Simultaneously, pipeline diameter reduction causes
intensive shear stress growth in medium near-wall
layers, leading to hydraulic resistance increase of
material movement and load increase on pumping
equipment working elements. Therefore, rational
pipeline diameter selection is an important factor for
efficient operation of concrete mix and construction
mortar feeding systems.

Medium mean flow velocity also has a significant
influence on pressure loss magnitude in the pipeline.
With increasing flow velocity, shear deformation
intensity in the medium volume increases, which is
accompanied by hydraulic resistance growth of
material movement. At the same time, insufficient
mixture movement velocity may lead to nonuniform
movement through conveying channels and feeding

system efficiency reduction. In the general case,
material mean flow velocity is determined by the
following relation

Q
4 It ()
where Q — mixture flow rate, m3/s;

A — pipeline cross-sectional area, m2.

This makes it possible to establish the relationship
between feeding system capacity and medium flow
regimes in conveying channels.

Pipeline feeding parameter consideration becomes
especially important under extrusion concrete mix
forming system application, where continuous material
movement through forming channels determines target
geometry product fabrication capability. In such
technological systems, mixture feeding velocity
variation directly influences material layer formation
uniformity and structural element geometry
reproduction accuracy, which is especially important in
construction 3D printing applications.

The next stage of technological process
implementation after pipeline transport of concrete
mixes and construction mortars is their movement
through screw or extrusion feeding mechanisms that
provide directed material transport to the forming unit.
Such systems are typical for plastering unit operation,
continuous-action mortar pump application, and
construction 3D printing installations, where the
mixture is delivered through forming nozzles to obtain
layers with target geometry. Under these conditions,
feeding system capacity is determined both by
conveying element rotation kinematic parameters and
by the interflight space filling degree with material,
which directly depends on its structural-mechanical
characteristics.

Material flow rate evaluation in screw feeding
systems is performed using the following relation

2
0= 7D Sn(p’ ©)
4
where Q — mixture feeding capacity, m3/s;
D — screw diameter, m;
S — screw helix pitch, m;
n — screw rotation frequency, s*;
¢ — interflight space filling coefficient.

The presented relation shows that feeding system
capacity is directly proportional to screw rotation
frequency and conveying element geometric
parameters, which enables material flow rate control
according to technological requirements of building
element forming processes.

As shown by the graphical dependence (Fig. 3),
screw rotation frequency increase is accompanied by
proportional mixture flow rate growth, which enables
material feeding intensity control according to forming
device movement velocity in extrusion forming
systems, particularly in construction 3D printing
technologies.
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Figure 3 — Dependence of mixture flow rate on screw

rotational speed

At the same time, screw interflight space filling
degree is determined not only by conveying element
geometric  characteristics but also by mixture
rheological properties formed at previous mixing and
pipeline transport stages. With increasing medium
effective viscosity, resistance to movement along the
helical surface increases, which is accompanied by
actual feeding system capacity reduction compared
with theoretical values. Therefore, determination of
actual material flow rate should include consideration
of medium slip coefficient relative to the screw surface,
which can be described by the following relation

Q. =Q(1-y), @

where @, — actual feeding capacity, m?/s;
W — capacity loss coefficient accounting for material

backflow and medium slip.

An important parameter characterizing extrusion
feeding system operation is the pressure required for
mixture movement through the nozzle forming
channel. In the general case, its magnitude depends on
channel geometric parameters and material structural-
mechanical characteristics and can be determined by
the following relation

pP=7~, (8)

where p — forming channel pressure, Pa;
h — character cross-section dimension of the
channel, m.

Forming channel length increase or cross-section
reduction leads to required feeding pressure growth,
which must be considered during extrusion concrete
mix transport system design.

In construction 3D printing technologies, screw
material feeding parameters directly influence layer
formation accuracy and mixture placement uniformity
along the prescribed trajectory of forming head
movement. Coordination of feeding capacity with
forming device movement velocity ensures required
layer geometric parameters and prevents excessive
material accumulation in the forming zone. Thus,
determination of rational operating parameters of screw
and extrusion feeding systems is a necessary condition
for effective concrete mix and construction mortar

application in modern continuous building structure
forming technological systems.

Concrete mix and construction mortar forming
processes in the technological operation working zone
of modern construction systems are often performed by
extrusion material feeding through forming nozzles of
different geometry. Process behavior features are
determined by mixture capability to retain target
geometric parameters after forming channel exit, which
directly depends on structural-mechanical
characteristics formed at previous mixing and transport
stages. Under such conditions, coordination of material
feeding parameters with forming device movement
velocity becomes especially important, since excessive
mixture flow rate leads to layer deformation, while
insufficient flow rate causes formed element continuity
violation.

During mixture passage through the forming
channel, stress redistribution occurs within its volume
and partial internal structural bond breakdown takes
place, which influences material exit behavior from the
nozzle and subsequent layer forming conditions. After
forming channel exit, the mixture undergoes relaxation
deformations, whose magnitude is determined by the
relationship between vyield stress, medium effective
viscosity, and material feeding velocity. This directly
influences geometric parameter reproduction accuracy
of formed structural elements in continuous mixture
placement processes.

For quantitative evaluation of mixture shape
retention capability after extrusion feeding, it is
advisable to use a shape retention coefficient
determined by the following relation

where h, — initial formed layer height immediately

after nozzle exit, m;
h, — layer height after completion of material

relaxation deformations, m.

With consideration of yield stress influence on the
layer relaxation deformation process, functional
dependence of the shape retention coefficient on
mixture structural-mechanical characteristics can be
presented in the following form

2
%o

Ki=——, (10)
P
where a — parameter accounting for mixture

composition and extrusion feeding conditions through
the forming nozzle.

As follows from the presented relation, increasing
mixture yield stress improves its capability to retain
target geometric parameters after placement, while the
growth intensity of the shape retention coefficient
gradually decreases when transitioning to the region of
high shear stress values. This corresponds to material
layer formation conditions in extrusion feeding
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processes of concrete mixes and construction mortars,
particularly in construction 3D printing technologies.

Dependence of the shape retention coefficient on
mixture yield stress is shown in Fig. 4, which makes it
possible to determine the range of rational structural-
mechanical characteristic values of the material
required to ensure necessary layer formation accuracy
during extrusion feeding.

0.8 4

0.6 1

0.4

Shape retention coefficient Kf

0.2 1

0.0 T T T T T T T
0 25 50 75 100 125 150 175 200
Yield stress To, Pa

Figure 4 — Dependence of shape retention coefficient on
yield stress

Thus, the performed analysis of concrete mix and
construction mortar preparation and feeding processes
showed that their efficiency is determined by
coordination of material  structural-mechanical
characteristics with operating parameters of mixing,
conveying, and forming equipment. It was established
that specific mixing energy increase is accompanied by
mixture effective viscosity reduction, which improves
conditions of subsequent transport through pipeline
systems. At the same time, mixer working element
rotation frequency variation influences medium vyield
stress magnitude, which determines movement
character in conveying channels and pressure loss
magnitude during feeding.

It is shown that screw feeding system capacity
directly depends on conveying element kinematic
parameters and mixture rheological properties, while
material capability to retain geometric parameters after
extrusion forming is determined by vyield stress
magnitude and conditions of its passage through
forming nozzles. The obtained relations make it

possible to determine rational preparation regimes of
concrete  mixes and construction mortars with
consideration of delivery conditions in pipeline and
extrusion systems, particularly in structural layer-by-
layer forming technological processes using
construction 3D printing methods.

Conclusions.

The conducted studies showed that concrete mix
and construction mortar preparation process efficiency
significantly depends on coordination of mixing
equipment operating parameters with their structural-
mechanical characteristics. It was established that
specific mixing energy increase is accompanied by
medium effective viscosity reduction, which improves
conditions of subsequent material transport through
pipeline systems and contributes to pressure loss
reduction during feeding. It was also shown that
mixture yield stress is determined by mixing element
kinematic parameters and directly influences material
movement character in conveying channels and
hydraulic resistance magnitude of feeding systems.

An analytical relationship between screw feeding
system capacity and conveying element geometric and
kinematic parameters was established, which makes it
possible to justify rational equipment operating regimes
depending on mixture rheological characteristics. It
was proven that material capability to retain target
geometric parameters after extrusion feeding is
determined by yield stress magnitude and mixture
passage conditions through forming nozzles, which is
of decisive importance for ensuring layer-by-layer
forming accuracy of structures in continuous material
placement technological systems.

The obtained relations make it possible to determine
rational preparation regimes of concrete mixes and
construction mortars with consideration of delivery
conditions in pipeline and extrusion systems, as well as
to coordinate operating parameters of mixing,
conveying, and forming equipment  within
technological sets of construction machines. This
creates prerequisites for improving efficiency of
mechanized mixture preparation and feeding processes,
particularly under construction 3D printing technology
application conditions..
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OcobnmBeocTi peanisaLii NpoLLeciB NPUroTyBaHHA BETOHHWX CyMILLEN | PO3YMHIB i3
ypaxyBaHHSIM YMOB IX nogaui

AHHoTauis. Y cyyacHUX yMoBax MexaHi3oBaHoOro 6yajBHMLTBA MigBULLEHHS eheKTUBHOCTI TEXHOMOMYHMX MPOLECiB NPUrOTyBaHHS
6eTOHHMX CyMileit i ByqiBenbHMX po3uMHiB MOTpebye y3romkeHHsi MapaMeTpiB poboTH 3MilLyBasbHOrO, TPAHCMOPTYHOYOro Ta
(hopMyBaJIbHOr0 06/1aHaHHS 3 PEOJTOriYHUMM XapaKTEPUCTUKaMM MaTepiasy Ta yMoBaMu Horo riogadi. OcobsmBoi akTyanbHoCTI Le
HabyBae Mpy BMKOPUCTaHHi TPYBOMPOBIOHMX i €KCTPY3iMHUX CMCTEM TPAHCIOPTYBaHHS, a TaKOX Y TEXHOJOriSX MOLAPOBOro
(hOpMyBaHHSI KOHCTPYKL MeTopamu GymisenbHoro 3D-gpyky. Y po6oTi posrfisHyTo OCOBNMBOCTI B3aEMO3E'Si3Ky MPOLIECIE
repeMilLyBaHHsi, TPAHCMOPTYBaHHs Ta eKCTPYsiMHOI nopadi BeTOHHMX cyMilwen i GyniBesibHMX PO3UMHIB SIK B3AEMOMOE'SI3aHMX
€/IeMEeHTIB EOMHOI TEXHOJOr YHOI CUCTEMM.

lNpoaHanizoBaHO Br/IMB MUTOMOI eHeprii NepeMillyBaHHS Ha eeKTUBHY B'SI3KICTb CepefoBULLA, 8 TAaKOX BCTAHOBNIEHO 3aNeXHICTb
rPaHNUYHOr0 HaNPYXXEHHS! 3CYBY Bif, KIHEMaTUYHUX MapaMeTpIB 3MiLLyBanbHOro 06nagHaHHs. [NokasaHo, LW 3MiHa LMX XapaKTepUCTUK
BM3HAYa€E YMOBU PyXy CyMilli TpybornpoBigHUMM KaHanaMu Ta BENIMYMHY BTPAT TWUCKY Mif, Yac TpaHcnopTyBaHHs. OTpumaHo
aHaniTMYHI  3aNeXHOCTi O/ OLHIOBaHHS BrUIMBY FEOMETPUYHMX i KiHEMAaTUYHUX MapaMeTpiB LLHEKOBMX CMCTEM Mogadi Ha
NPOAYKTUBHICTb TPAHCMOPTYBaHHS MaTepiany, Lo [03BOJSE 06rpyHTOBYBATU paLioHanbHi peXxuMy poboTu obnagHaHHS 3aneXxHo
Bif, BNaCTUBOCTEM CyMiLLi Ta YMOB ii NepeMiLLieHHS.

JocnimkeHo 0coBNMBOCTI eKCTPysiHOro thopMyBaHHA LapiB ByaiBenbHUX CyMileit nicns BUXopy 3 opMyBasbHUX Hacapok Ta
3aMporoHOBaHO 3aNeXHiCTb KoedilieHTa (OPMOCTIMKOCTI Bif, MPaHUYHOrO HaMnpy)XeHHs 3CyBy CepefoBULIA, fKa [03BOSISE
OLjHIOBaTK 3paTHICTb MaTepiany 36epiraT¥ reoMeTpuuHi MapaMeTpu nicns yknapanHs. OTpuMaHi pesynbTaTu MOXyTb ByTv
BUKOPUCTaHi O/1A OBIPYHTYBaHHSA paLlioHaNbHUX PEXMMIB MPUroTyBaHHS Ta nogadvi 6eToHHUX cyMilew i 6ymiBenbHAX PO3UMHIB Y
Tpy6OMpoBiAHUX Ta EKCTPY3ifHMUX cUCTeMaX, 30KpeMa Mpu peanisaji TexHonoriuHux npovecis 6yaisenbHoro 3D-gpyKy.

KntouoBi cnoea: 6eToHHa cyMil, 6ypiBenbHUA PO3unH, 3MilyBaHHS, TPYBOMpoBiAHa nogava, peonoriuHi BacTUBOCTI, 3MilLyBay,
TpaHCMOpTYBaHHS, TEXHOMONYHI PEXXUMU NPUrOTYBaHHS, eKCTPY3iitHe dopMyBaHHs, 3D-gpyK.
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