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Relevance of the Study. Additive manufacturing technologies in construction, including 3D
concrete printing, are considered a new technology that can replace or be an alternative to
traditional methods. For this purpose, the mechanical properties of 3D-printed concrete must be
comparable to the mechanical characteristics of reinforced concrete produced through traditional
construction methods. Consequently, 3D-printed concrete must be reinforced with standard steel
rebar, as in conventional reinforced concrete. Currently, the most pressing task is reinforcing 3D-
printed concrete with standard steel rebar. At present, this reinforcement is performed manually,
which negatively impacts the automation of the construction process—a key advantage of additive
technologies over traditional methods. To automate the reinforcement of 3D-printed concrete, a
specialized mechanism is required to automate the creation of a rebar mesh directly during the
printing process. At present, such a mechanism does not exist, indicating the need for its
development, design, testing, and preparation for production.

Since the rheology of 3D-printed concrete differs from traditional liquid concrete, a
challenge arises in integrating the rebar mesh created by an automated reinforcing mechanism.
This challenge becomes more complex as the rebar mesh is produced during the 3D printing
process; thus, only part of the rebar mesh should be embedded in the concrete, while the remaining
part must remain dry to allow the next section of rebar to be welded. To achieve this, it is necessary
to develop a specialized nozzle that can embed part of the rebar mesh into the concrete while
keeping the other part dry.

The automated reinforcing mechanism and the specialized nozzle are considerably heavy for
installation on portal, serial robots, and other robotic equipment that serve as construction 3D
printers. Moreover, these types of construction 3D printers have stringent requirements for
environmental conditions and cleanliness. Therefore, they often need to be isolated from adverse
environmental conditions, which leads to additional costs. Currently, there is a global trend toward
adapting construction equipment (such as concrete pump trucks, excavators, etc.) to work as
construction 3D printers. Such adapted 3D printers have good load-bearing capacity, are resistant
to dynamic loads, and are unaffected by harsh environmental conditions. However, they also have
drawbacks, specifically insufficient precision in positioning the printing head along the specified
trajectory. Deviation of the printing head from the designated trajectory hinders the 3D printing of
concrete. To address this issue, an important task is to research and design an additional
compensating mechanism between the final segment of the construction equipment’s boom and
the printing head.

The purpose of this work is to research, design, and develop an automated reinforcing
mechanism for a machine that performs layered pouring of reinforced concrete, a specialized
nozzle for integrating the rebar mesh into the concrete, and a compensating mechanism.

To achieve this goal, the following objectives have been set:

- to research and develop an automated reinforcing mechanism that creates a rebar mesh
from standard steel reinforcement during 3D printing;

- to research and develop a specialized nozzle capable of embedding part of the rebar mesh
into the concrete while leaving the remaining part dry for further rebar mesh creation;

- to research and develop a compensating mechanism to offset the deviation of the printing
head from the specified trajectory, mounted on the final segment of the boom of construction
equipment adapted to function as a construction 3D printer.



Research area — 3D printing technology in construction.

Object of the research — mechanisms of the machine for layered pouring of reinforced
concrete.

Subject of the research — automated reinforcing mechanism, specialized nozzle, and
compensating mechanism.

Theoretical and methodological basis of the research. The research employed direct and
inverse kinematics problems, parametric modeling, optimization methods, computer simulation of
mechanical effects based on finite element analysis, and other related approaches.

The empirical basis of the study consisted of the following experimental research:
determining the compliance of the strength of the rebar mesh produced by the automated
reinforcing mechanism with the requirements of DIN 488-4 standard; verifying the integration of
the rebar mesh into the concrete by X-ray scanning of the 3D-printed sample, as well as visual
inspection by making cross-sectional and longitudinal cuts of the sample perpendicular and
parallel to the printing direction.

The scientific novelty of the study is defined by the following results:

- a prototype of an automatic reinforcing mechanism has been developed and tested, capable
of producing reinforcement mesh with strength in accordance with the requirements of the DIN
488-4 standard in the process of 3D printing;

- a prototype of a special nozzle capable of integrating a reinforcing mesh created by an
automatic reinforcing mechanism into concrete has been developed and tested;

- the integration of the reinforcing mesh is proven by X-ray scanning of a 3D printed sample,
as well as by visual inspection of the sample by cutting perpendicular and parallel to the printing
direction;

- a compensating mechanism has been developed to ensure accuracy in accordance with the
requirements of the DIN 18202-2013 standard, compensating for deviation from the specified
trajectory of the printhead mounted on the last link of the boom of construction equipment adapted
to work as a construction 3D printer.

Provisions for defense:

- It has been proven that the compensatory mechanism, installed at the end section of the
boom of a construction machine adapted to function as a construction 3D printer, can ensure
accuracy in accordance with the DIN 18202-2013 standard by compensating for deviations of the
print head from the specified trajectory.

- It has been established that the automated reinforcement mechanism, designed for
reinforcing 3D-printed concrete using standard steel reinforcement bars, is capable of creating a
reinforcement mesh at a speed of 5 m/min during the 3D printing process.

- It has been proven that the automated reinforcement mechanism and the special nozzle
provide high-quality integration of the reinforcement mesh into the concrete, allowing for the
printing of reinforced concrete structures at a rate of 2.25 m? per hour. This is equivalent to a
reinforced concrete wall 5 meters long, 3 meters high, and 150 mm thick.

The contribution of the doctoral candidate to the preparation of publications. Based on
the results of the dissertation research, 5 works reflecting the main findings of the study were
published, including 1 article in journals indexed in the Scopus databases, 3 articles in publications
recommended by the Committee for Quality Assurance of the Ministry of Science and Higher
Education of the Republic of Kazakhstan, and 1 article in other scientific journals and publications.
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Structure and volume of the dissertation. The dissertation consists of an introduction, four
chapters, a conclusion, and a list of references.
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