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ABSTRACT: Introduction. The development of innovative approaches to digital equipment control that ensure the production 
of 3D building structures with high operational and technical-economic characteristics remains an urgent task. The handling and 
maintenance of technological equipment during the process of 3D-printing of construction objects do not always meet the modern 
requirements of technical systems management. Methods and materials. 3D-printing is based on the method of extrusion: mold-
ing of a building structure layer-by-layer with the addition and fairly rapid subsequent solidification of nanocomposite building 
materials. The resulting optimized nanocomposition must have the required rheology, which set the comb-like polycarboxylate 
esters with nanosteric repulsion at a distance of ≈ 11 nm. In order to organize a stable 3D-printing technology, it is also necessary to 
select the appropriate optimal fillers that provide the necessary physical, mechanical and operational characteristics to the hardened 
nanocomposite. Results. The effectiveness of three-dimensional printing calls for the coordinated operation of a construction-grade 
3D-printer. In this regard, it is necessary to have concrete pumping equipment that is able to pump the initial nanocomposition 
through flexible pipelines at a certain speed. It is necessary to consider the influence of pressure and volume to increase  the power 
of the concrete pump motor by 14–17%, and at the same tine reduce the level of vibrations. Discussion. Digital 3D-technologies 
reveal unique opportunities for innovative production of three-dimensional construction objects and engineering structures. Tech-
nological quality management of 3D-printing depends on the correct alignment of the printer mechanisms, and the reduction of 
defective products can be achieved by adjusting the molding parameters of building nanocomposites. The structure-forming curing 
of Portland cement nanocomposites is based on the formation of fractal structures of calcium hydrosilicate clusters with dimensions 
of 47–51 nm, that form nanoaggregates (125–132 nm), which gradually cement the fillers due to adhesive interactions. The high 
demand for the corresponding equipment only strengthens the advantages of 3D-additive technologies: its practical waste-free 
operation, low power consumption of 3D-printers, time reduction of design-to-completion process by 8–11 times. Conclusions. 
Technological managing of concrete pump equipment for 3D-additive printing of building nanocomposites reduces energy costs 
by 26–29%, and at the same time reduces the level of vibration.

KEYWORDS: additive nanotechnology, 3D-printer, digital construction, concrete pumps, 3D-printing of nanocompositions, quality 
management.
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INTRODUCTION

Intensive work on creating breakthrough trends in 
the construction industry and high-tech equipment 

for 3D-additive technologies [1–3] as rapid prototyping 
tools continues in many countries. The operation and 
maintenance of technological and transport equipment in 
the course of 3D-printing of construction infrastructure 
does not fully meet modern requirements, there is no 
national standard for additive manufacturing. Therefore, 

the engineering of innovative approaches to equipment 
management that reliably ensures the production of three-
dimensional building structures with increased technical 
and economic characteristics remains an urgent task. 

In recent years, innovative approaches have appeared, 
for example, three-dimensional technologies for “print-
ing” individual structures, buildings in the construc-
tion industry using fibers, which removes the need for 
traditional formwork. 3D-additive technologies are one 
of the most dynamically developing areas of autonomous 
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“digital” production [4] and high-quality management 
of technical systems makes it possible to design a variety 
of architectural forms of construction.

The purpose of this article is to study the use of tech-
nological and transport equipment for 3D-printing of in-
frastructure buildings in the construction industry.

METHODS AND MATERIALS

3D-additive printing is based on the method of ex-
trusion: molding of a building structure layer-by-layer 
by successive addition and subsequent curing of nano-
composite building materials. To ensure the appropriate 
pumping volume, the formed optimized homogeneous ce-
ment (less often modified gypsum) nanocomposition with 
mineral fillers must have the required rheology, the opti-
mal plasticity limit is 1.0–2.5 kPa. Portland cement nano-
binders allow for more selective control of the variation 
dynamics in strength and rheological characteristics, 
changes in durability during the operation of building 
structures. To control the rheological behavior of building 
nanocompositions in the process of 3D-printing, the ef-
fective technological characteristics of superplasticizers 
include comb-like polycarboxylate esters with nanosteric 
repulsion at a distance of ≈ 11 nm [5].

The print head of a 3D-printer is a nozzle from which 
a raw nanocomposition is squeezed out (extruded). The 
trajectory of the nozzle is determined by a digital CAD-
program: after the complete application of one layer is 
completed, the working platform is moved down or up by 
the thickness of one layer, and other layers are “printed”. 
With this technology, a special role is given to the speed 
of “printing”, which should be optimal: that is, allow 
previously “printed” layers of the nanocomposite mate-
rial to gain initial strength to ensure appropriate adhesion 
between the individual layers.

Construction of  3D-printing includes the  stages 
of  preparing a  viscoplastic nanocomposite mixture, 
transporting it from the mixer via flexible pipelines to 
the extruder, extruding it with a 3D-printer nozzle, and 
hardening the printed layers of nanomaterial. Another 
significant feature of the additive technology method is 
the programming of the speed characteristics for feeding 
and laying the initial nanocomposition, taking into ac-
count the geometric dimensions (5–20 cm) of the printing 
nozzle (fig. 1).

It should be noted that in order to ensure a stable tech-
nology for layer-by-layer 3D-printing, the raw nanomate-
rial composition must have a high yield strength. Effective 
control of the rheology of nanocompositions in the course 
of 3D-printing is possible with the combined use of nano-
disperse multidirectional viscosity modifiers, mechanical 
activation, and similar methods [6, 7]. Dynamic structure 
formation in multiphase (multicomponent) 3D-printing 
nanocompositions occurs due to the interaction of col-

loidal binders, nanosuspension of microfillers, etc. The 
method of  fractal analysis of  the structure-forming 
processes of nanocomposites allows us to clearly track 
the kinetics of hardening: as a result of polycondensation, 
multi-fractal aggregates of nanobinders are formed during 
rough adhesion of colloidal microparticles.

The nanobinding composition in 3D-printing tech-
nology should be “laid” in even layers and at the same 
time stay in one place, i.e. be quite rigid. At the same 
time, the nanobinders design faces the technological 
challenge of reducing the setting time: not to “clog” 
the nozzle of the 3D-printer, and also to “have time” to 
form an adhesion with the previous layer. The layer height 
of 2–3 cm is selected experimentally: when laying a new 
layer, the previous layers must have sufficient strength: 
1.5–2 MPa when compressed in the cured state. Thixo-
tropic agents (for example, bentonite) affect the process-
ability of construction 3D-printing through modification 
of the hardening kinetics.

A technology is proposed [8], when in the process 
of  extrusion of  the initial nanocomposition, spatu-
las (mounted on the feed nozzle) align the surface of 
3D-printing. It should be noted that in this case, a thixo-
tropic nanocomposition of 3D-additive technologies is 
selected, i.e. under physical and mechanical influence, 
the viscosity decreases sharply, which is restored quite 
quickly in a few minutes.

The problem of control and regulation of the optimal 
characteristics of nanocompositions for 3D-printing is 

Fig. 1. Traditional scheme of layer-by-layer extrusion of 
nanocomposition in 3D-additive technology: 
1– raw material container; 2– concrete pump; 
3 – 3D-printer nozzle; 4 – building construction
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also solved by the introduction of multidirectionally acting 
chemical nanoadditives. For example, in the article [9], 
a composition was selected for 3D-printing: cement, sand 
(size 2 mm), microsilica and 1% polycarboxylate super-
plasticizer. The hardening was slowed down (regulated) 
by nanoadditives of 0.5% citric and nitrotrimethylphos-
phonic acids, and aluminum salts in an acidic medium 
were used as a setting catalyst [10]. In addition, the raw 
nanocomposition was reinforced with a polypropylene 
fiber with a length of 12 mm to reduce deformation. 

RESULTS

The efficiency of three-dimensional printing provides 
for the coordinated functioning of the construction 3D-
printer and the pumping of raw nanocomponents. In this 
regard, it is necessary to have pumping (screw, piston, 
centrifugal) equipment capable of pumping and feeding 
the initial nanocomposition with a certain discharge speed 
and geometric accuracy, which is provided by a robotic 
system for automatically moving the nozzle (injector) 
of the 3D-printer head.

The most important requirement for concrete pump-
ing equipment in the process of 3D-printing is the ability 
to pump nanocomposite mortar horizontally and (or) ver-
tically for tens of meters through flexible pipes. In accor-
dance with the requirements of the technological regime 
in 3D-additive technologies, the main function of the 
electric drive is to ensure the stable operation of the con-
crete pump [11–14]. When choosing the power of electric 
motors for concrete pumps in the process of 3D-printing, 
working with a variable load: the maximum pressure is 
Pmax at the outlet of the pump pumping the nanocom-
position and the volume of the nanocomposite mixture 
is V (fig. 2), the power of electric drives is overestimated 
taking into account the heaviest starts. 

It should be noted that the maximum values of the pres-
sure Pmax and the volume of the pumped nanocomposi-
tion V cannot be achieved simultaneously. The effective 
power of the electric drive at the nominal operating mode 
of the concrete pump varies from 320 kW to 470 kW. Tak-
ing into account the influence of limiting factors allows for 
increase in power of the concrete pump motor by 14–17%, 
reduces energy costs by 26–29%, and simultaneously re-
duces the level of vibration. When using an asynchronous 
electric motor between it and the concrete pump, it is nec-
essary to install a mechanical transmission, which reduces 
the reliability of the electric drive, increases its weight and 
increases vibrations; the problem is solved by using electric 
motors that have a low angular speed of the shaft: wave 
electric drives and motors with a rolling rotor.

In industrial conditions, employees of the Ufa State 
Petroleum Technical University built a one-story small-

sized pavilion using the AMT S1160 pilot 
3D-printer. Automated devices of portal 
3D printers, which operate in angular 
coordinates and are driven by electric 
drives, are the most economical due to 
the control of reliability in the construc-
tion of low-rise buildings and building 
structures (fig. 3). 

Technological managing of the 3D-
printing concrete pump is carried out 
automatically by electronic equipment; 
additionally, all functions can be eas-
ily maintained manually, which allows 
the concrete pump to continue working 
if the control unit or sensors fail. It should 
be noted that before the concrete pump 
is fully powered, a  starting mixture or 
a cement “milk” should be used: a mo-
bile mixture of cement and water. The 

Fig. 3. Portal 3D-printer for “printing” low-rise 
buildings: 1 – concrete mixer truck with nanocomposite 
raw materials; 2 – electric pump; 3 – movement 
mechanisms; 4 – extruder nozzle

Fig. 2. Controlled dynamics of the 3D-printer concrete pump efficiency 
in the mode of: 1 – high pressure; 2 – maximum pumped volume

Pmax, MPa

V, m3/h
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autonomous water washing system in 3D-additive tech-
nologies allows to quickly clean the tubes (flexible hoses), 
the drum mixer of concrete mixers from the adhering 
residues of construction nanosolvent. Therefore, for reli-
able managing of high-quality operation of technological 
equipment in the process of 3D-printing, appropriate 
water treatment is necessary (at low temperatures – clean 
warm water) [15, 16].

DISCUSSION

Digital 3D-additive technologies reveal unique op-
portunities for the  production of  three-dimensional 
construction objects and engineering structures, which 
are in high demand in the XXI century. Technical disad-
vantages of additive technologies such as vertical surface 
irregularities or the appearance of microcracks due to 
uneven shrinkage are gradually minimized. The popu-
lar developments of the corresponding equipment only 
strengthen the advantages of 3D-additive technologies: 
practical waste-free operation; low power consumption 
and noiselessness of 3D-printers; reduction of the time 
from design to completion by 8–11 times. The quality 
of 3D-printing depends on the correct alignment of the 
printer mechanisms, and the reduction of defective prod-
ucts (construction objects) can be achieved by adjusting 
the molding parameters. Due to the intelligent algorithms 
of the optimized CAD-program, it is possible to reduce 
the number of test passes of the 3D-printer.

The solidification time of nanoconcrete compositions 
in the process of 3D-printing can be up to several hours, 
so to increase the speed, it is necessary to dry the printed 
layers. One of the promising solution to this disadvan-
tage is the addition of technogenic waste to concrete 
nanocompositions [17], for example, the reuse of build-
ing materials [18]. By reducing the cost of 3D-additive 
technologies in the future, within the framework of the 
life cycle concept, it is possible to accelerate the design, 
construction of three-dimensional buildings and recon-
struction.

It should also be noted that the operation of most 
3D-printers is carried out in the  formless molding 
of building structures. The addition of 2-3% of the sodium 
silicate production waste into the composition of nano-
compositions during 3D-additive printing makes it possi-
ble to accelerate the setting and at the same time increase 
the strength characteristics. In the process of 3D-printing 
of structures with a high coefficient of reinforcement (steel 
fibers, basalt, glass, carbon fibers), it is technologically 
important to be able to place the building nanocomposi-
tions with ease.

The development of 3D-additive technologies requires 
an integrated approach to the study of building nanoma-
terials under operating conditions, especially taking into 
account changes in the human environment in specific 

conditions. New challenges of increased environmen-
tal pressures require new solutions to optimize the fol-
lowing interaction: “human ↔ nanomaterial ↔ habitat”. 
Therefore, the development of the basic foundation for 
the creation, production, operation, disasembling and 
reuse of a new generation of “green” nanocomposites is 
an important interdisciplinary task.

The improvement of trouble-free and reliable manage-
ment and good performance of a construction 3D-printer 
can be carried out at the expense of unloaded redun-
dancy [19]. The electronic control unit for positioning 
the nozzle of the extruder, the monitoring cameras for 
the 3D-printing process [20] allow to control the design 
stages of construction objects. One of  the promising 
technologies for producing nanodispersions from sec-
ondary concrete is the cavitation grinding technology 
[21, 22]: when the rotor rotates in the working chamber 
of the pump, high-frequency acoustic vibrations occur, 
accompanied by cavitation and hydrodynamic phenom-
ena, under the action of which nanoparticles of building 
materials are crushed.

Sensors that allow synchronous monitoring of the 
structure-forming processes of nanocomposites enable 
optimal hardening of the “printed” layers of 3D-additive 
printing of building constructions. The structure-forming 
curing of Portland cement nanocomposites is based on 
the formation of fractal structures of clusters of calcium 
hydrosilicates with dimensions of 47–51 nm, forming 
nanoaggregates (125–132 nm) [23] with a rough surface 
of nanocomposites, which, due to adhesive interactions, 
gradually cement fillers. Technological manage of con-
crete pumping equipment [24] for 3D-additive printing 
of building nanocomposites allows for high resistance to 
mechanical influences on side fences [25].

Optimal quality management [26] of the entire tech-
nological process for 3D-printing of construction objects 
based on nanocomposites involves taking into account 
the quality indicators of building materials, buildings 
and structures, engineering equipment, etc. The quality 
indicators of nanocomposite raw materials contained in 
the standards, such as durability, recoverability, transport-
ability, as well as the condition of buildings, structures and 
their elements, engineering equipment, tooling and tools 
(defect-free state, reliability and safety), do not fully cover 
the problem of quality management. This problem can 
be solved by the introduction of the quality management 
system standard GOST R ISO 9001-2015 at construction 
enterprises, which involves establishing feedback from 
consumers.

The design of the quality management process struc-
ture [27] in accordance with the requirements of  the 
ISO 9001 standard reflects the need to form a system 
of responsibility for 3D-additive printing. The moni-
toring mechanism, as well as corrective and preventive 
measures for the compliance of the production of three-
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dimensional structures and the quality of products with 
established external and internal requirements, imple-
ments assessments for goals in the field of technological 
equipment management.

The operation and maintenance of  technological 
equipment in the course of 3D-printing of construc-
tion infrastructure requires the appropriate organization 
of certification and licensing of transport systems [28]. 
Currently, technological management of 3D-additive 
printing equipment for building nanocomposites is pos-
sible at the stage involving concrete mixers for the delivery 
of concrete nanomixtures. 

The quality of applied concrete in the process of 
3D-printing of building nanocomposites depends largely 
on the cost-effective transportation of the finished nano-
crete mixture prepared at the plant. The use of a concrete 
mixer truck makes it possible to increase the productivity 
of 3D-additive technology and optimize the costs of pre-
paring and delivering concrete [29, 30]. Concrete mix-
ers can also be used to deliver metered components of a 
concrete nanomixture, prepare it en route or upon arrival 
at a construction site for 3D-additive printing. 

The concrete mixer truck is a rotating drum mount-
ed on the frame of an automobile chassis, and inside 
the drum there are two spiral blades, during the rotation 
of which the components of the nanoconcrete mixture are 
maintained in a thixotropic state. A characteristic feature 
of the concrete mixer truck with mixers is a constant angle 
of inclination from 10 to 15 degrees of the container for 
mixing cement-sand nanosolution. The closed rotating 
drum preserves the uniformity of the 3D-additive print-
ing concrete nanomixture and protects it from external 
negative factors, thereby maintaining the necessary per-
formance characteristics of the nanocomposition during 
transportation.

Currently, in the process of 3D-printing, concrete 
mixers with hydraulic drives are used, which are much 
lighter compared to a mechanical transmission, and also 
has the ability to continuously adjust the drum speed in 
the range of 0–20 revolutions per minute. The hydraulic 
pump of the hydraulic drive is driven by a diesel engine 
of the concrete mixer truck or a separate engine, and 

the control device [31] allows to set the speed of rota-
tion of the diesel engine depending on the rotation speed 
of the mixing drum. Concrete mixers with a mixer from 
Russian manufacturers are represented by models that are 
equipped with an individual power plant, an autonomous 
drum with a volume of up to 12 m3.

The reasonably calculated cost of delivery of concrete 
nanomixtures in the course of 3D-additive printing makes 
it possible to quickly select concrete mixers of the appro-
priate size, depending on the distance of nanocomposites 
transportation, the volume of the drum capacity, techni-
cal characteristics and working conditions (temperature 
fluctuations from –20 to +40оC). The best option for 
transporting the nanoconcrete mixture at distances from 
4 to 6 km are concrete mixers with a volume of 6–8 m3.

In the market of concrete mixers of the Russian Fed-
eration, about 70% is the share of “Tuymazinsky Plant 
of concrete trucks” (Republic of Bashkortostan). For ex-
ample, the plant produces TZA/KAMAZ concrete mix-
ers (with a capacity of 5–12 m3), which are intended for 
transportation to laying sites or concrete-feeding devices 
(concrete pumps and stationary concrete pumps). The 
TZA concrete mixer truck effectively combines trans-
portation to the installation site at the construction site 
and the supply of concrete mix (up to 50 m3/h) to the re-
quired height – 28.4 m, which allows you to maintain 
optimal homogeneity of the concrete nanocomposition of 
3D-additive printing during transportation and pumping.

CONCLUSION

Technological equipment management for 3D additive 
printing of building nanocomposites reduces energy costs 
by 26–29%, and at the same time reduces the level of vi-
bration. The advantages of additive 3D-printing technolo-
gies in the construction of buildings and structures are as 
follows: digital robotization of the construction process, 
time reduction from design to completion by 8–11 times, 
etc. The optimal choice for transporting the nanoconcrete 
mixture for 3D additive printing of building nanocom-
posites at distances from 4 to 6 km is the concrete mixer 
trucks with a volume of 6–8 m3.
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