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with the possibility of installing reinforcing bars

The integration of 3D printing technology in construction has the potential to reduce costs and accelerate the con-
struction and installation processes. While this technology is gaining global attention, Ukraine currently lacks regulations
governing the design and construction of structures using 3D printing. Additionally, there is a limited experimental base
regarding the bearing capacity and deformability of printed structures.

This publication proposes a methodology for the production of monolithic beams reinforced with single bars using a
construction 3D printer. It outlines the entire process of manufacturing, from the design phase to product fabrication and
readiness for experimental research.

To carry out the research, the design of the beams was first created using graphic software systems, which facilitated
the formulation of tasks for a construction-grade 3D printer, considering the capabilities of this technology. Design and
production drawings of the samples are included in this publication.

The reinforced monolithic beams were printed using a construction 3D printer by the Ukrainian company 3D
TECHNOLOGY UTU LLC, following the developed work algorithm.

This methodology enabled the reinforcement of structures with single bars, in compliance with regulatory require-
ments, while allowing for future experiments.

As a result of this work, reinforced monolithic beams were successfully printed using the developed technology. To
assess the physical and mechanical characteristics of the materials, samples of cubes and prisms were printed and cast into
formwork. Additionally, reinforcement samples were created from the same batch used to reinforce the beams.

The proposed technology for producing beams with a 3D construction printer resulted in structures that adhered to
previously established design solutions. The detailed sequence for printing beams allowed for effective reinforcement of
monolithic beams with single bars.

Keywords: 3D printing, beam, manufacturing technology, design.

Hdemunna b., Bo3zniok JI., Cypmaii M., bBypak /1., lllep6akoB C. Texno.ioris 3D apyky MoHOJiTHHX (aJioK i3
MO KJIUBICTIO BIALITYBAHHS ApMATYPHUX CTPMIKHIB

3ayBaxxeHO, IO BHUKOpHCTaHHA TexHoinorii 3D npyky B OymiBHHITBI Ja€ 3MOTY 3IEIICBHTH 1 IPHIIBHILIATH
OyniBesnbHO-MOHTaXHI poboTu. ChOrofHi y CBiTI NPUIUIAIOTE HEaOUAKy yBary Liil TeXHOJOTil, mpoTe B YKpaiHi Hapasi
HEeMae HOPM JUIs TPOEKTYBAHHS 1 3BeZICHHsI KOHCTPYKILiH 3a gomomoroo TexHounorii 3D apyky. Takoxx Hemae 3Ha4HOT excIie-
PHUMEHTaNBHOI 0a3H MO0 HEeCYdoi 3MaTHOCTI ( Ae(hOpMAaTHBHOCTI HaPYKOBAHUX KOHCTPYKILiHL.

3anponoHOBaHO i OMUCAHO METOJUKY BUTOTOBIEHHS MOHOJIITHUX 0allOK, apMOBAaHHX OKPEMUMHU CTPHIKHAMH, 32 J10-
nomororo oyxiBensHOro 3D mpuHTEpa. Po3po6ieHo mociioBHICTh BUTOTOBICHHS! KOHCTPYKIIH, BiJ €Taly MPOEKTYBaHHS
JI0 eTary BUTOTOBJICHHS BUPOOY [UISl IPOBEACHHS €KCIEPUMEHTAIBHUX AOCITIPKCHb.

Jns peanizanii OCTaBIEHOTO 3aBAAHHS 0AJIKH CHEPINY 3alPOEKTYBAIH Y rpadiyHUX MPOrpaMHUX KOMIUIEKCax i 3MO-
JIeTIOBAJIM Y BUTIIAAI 3aBNaHHS 11t OyxniensHOro 3D mpuHTepa 3 ypaxyBaHHSAM MOXIHMBOCTEH 3a1aHoi TexHomuoril. [logaHo
HPOEKTHI Ta BUPOOHUUI KPECICHHS JOCIITHAX 3pa3KiB.
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ExcnepuMeHTa/NbHI METOIM JOCTIIP)KEHHS Ta iarHOCTHUKA Po60TH 6yAiBeIbHUX MaTepiasiiB i KOHCTPYKIiN

ApmoBaHi MOHONITHI Oanku HaapykoBaHo Ha OyniBensHoMmy 3D mpunrepi ykpaincekoi kommanii TOB «3D
TECHNOLOGY UTU» 3a po3po06ieHOI0 MOCIiJOBHICTIO BUKOHAHHS POOIT.

3aBasKu po3po0IeHii METOAUIII BUKOHAHO apMYyBaHHS KOHCTPYKIIii OKPEMHMH CTPIDKHAMHE, 3 ypaxyBaHHIM HOpMa-
TUBHUX BHUMOT i MOXKJIMBICTIO TIPOBE/ICHHS MOJANBIINX SKCIIEPUMEHTIB.

3a po3po0IICHO0 TEXHOJIOTIE HAJIPYKOBAHO apMOBaHI MOHOJITHI Oanku. J[is BU3Ha4YeHHS (i3UKO-MEXaHIYHUX Xa-
PAKTEpUCTHK MaTepiaiB HAIPYKOBAHO ¥ 3aJMTO B ONalyOKy 3pa3ku KYOHKIB Ta MPU3M, a TAKOK BUTOTOBJICHO 3pa3KH apMa-

TYypH 3 MapTii, IKy BAKOPUCTOBYBAJIM B apMyBaHHI OaJIOK.

3a3HaueHo, 1110 po3poOIeHa METOAUKA IPYKY MOHOJIITHUX OaJIoK i3 BUKOPUCTaHHAM OyaiBenbHoro 3D npuntepa nana
3MOTY OTPUMATH KOHCTPYKIIil, SIKi BiJIIIOBIIal0Th MOMEPEAHBO PO3POOICHUM MPOEKTHUM pillieHHAM. [10CiIOBHICTD IPYKY
0aJIoK Jaia 3MOTYy apMyBaTH MOHOJITHI OalKK OKPEMHUMH CTPHIKHSIMH.

Kawuogi ciioBa: 3D apyk, Oanka, TEXHOJIOTIS BATOTOBIICHHS, KOHCTPYHOBaHHSI.

Problem setting. In traditional construction,
concrete work is one of the most expensive compo-
nents of construction production. This work requires
great precision and a large number of qualified work-
ers.

The use of 3D printing technology in construc-
tion allows not only to replace fixed formwork but also
to avoid its use. This is especially important in the con-
struction of complex architectural structures.

As of the present day, the issue of reinforcing
such structures during the printing process remains
open, in particular with single bars.

Due to the constant growth of the construction
industry, the shortage of skilled labour, and the signif-
icant carbon footprint of construction, much attention
is being paid to 3D printing technology around the
world today. This technology has already been used to
build residential buildings, office centres, bridges, and
entire blocks of similar buildings. However, Ukraine
lacks regulations for the design and construction of
structures using 3D printing technology. There is also
no significant experimental base for the bearing capac-
ity and deformability of printed structures.

Analysis of recent researches and publica-
tions. Due to the high cost of formwork and the ability
of a 3D printer to print complex architectural forms,
research is being conducted into the possibility and
feasibility of printing fixed formwork using 3D print-
ing technology [1].

A bicycle bridge made using 3D printing tech-
nology has been built and tested in the Netherlands.
The span of the bridge is 6.5 m and the width are 3.5 m.
The cross-sectional height of the bridge is 920 mm.
The design load on the bridge is 5 kN/m? [2].

Since one of the biggest limitations of 3D print-
ing technology is the complexity of reinforcement, re-
search is underway to develop reinforcement methods.
For example, reinforcement of printed structures with
steel meshes having a spacing of 6x6 mm and a bar
diameter of 0.6 mm [3].

In Ukraine, Lviv Polytechnic National Univer-
sity is engaged in scientific research in the field of 3D

printing. The dome structures, which were printed
from polymers by 3D printing, were researched [4; 5].

Many researches are focused on the study of ma-
terials, or the ratio of materials in the mixture for print-
ing. A promising area is the study of the possibility of
printing with Ultra High-Performance Concrete
(UHPC) [6].

In Ukraine, the 3D printer manufacturer 3D
TECHNOLOGY UTU LLC is working on the imple-
mentation of 3D printing technology [7].

Task setting. The objective of this study is to
develop a technology for manufacturing reinforced
concrete beams using single reinforcing bars and 3D
printing. This technology encompasses the design of
reinforced concrete beams and the 3D printing process,
which allows for the incorporation of individual rein-
forcing bars while considering the capabilities of a
construction 3D printer. Additionally, the research
aims to produce beam prototypes for further experi-
mental studies based on the developed technology.

Main results. To complete the research task, the
design of beams was first performed in graphic soft-
ware systems to form a task for a construction-grade
3D printer.

The sequence of beam fabrication: beam design —
determination of overall dimensions and reinforcement;
preparation of a task for a 3D printer: setting the nozzle
movement scheme of the printer, determining the num-
ber of passes (Fig. 1); first pass of the nozzle (Fig. 2);
technological break of up to 5 minutes for concrete hard-
ening; placement of reinforcing bars in the design posi-
tion on the lower concrete layers (Fig. 3); technological
break up to 5 minutes for concrete hardening; second,
third, fourth pass of the nozzle with technological breaks
of 3-5 min for concrete hardening, after each pass;
placement of reinforcing bars in the design position
along the fourth concrete pass (Fig. 5); a technological
break of up to 5 minutes for concrete hardening; the fifth
pass of the printer nozzle (Fig. 6); waiting 28 days until
the concrete has reached the design strength (Fig. 8);
transporting the structures to the laboratory.

The nozzle movement scheme of the 3D printer
is shown in (Fig. 1). This figure schematically shows
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the direction of the nozzle in the second layer over the
reinforcing bars. The beam was printed in 5 layers.
Each layer consists of three passes in one level.

Fig. 1. Scheme of the printer nozzle movement

Fig. 2 shows the process of passing the nozzle of  a construction 3D printer in the first layer.

'l\.i. \

Fig. 2. Printer nozzle passes in the first layer

Fig. 3 shows the placement of the rein- finished. The figure depicts the contours of the
forcing bars in the first concrete layer, which layers and the path of the printer nozzle.
was performed 3-5 minutes after the layer was
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Fig. 3. Reinforcement with individual reinforcing bars along the first layer of the printer

The upper and lower working reinforcement
was of diameter 8, class A400C. In the zone of maxi-
mum bending moments, longer nuts were welded per-
pendicularly to the bar in the lower zone of the beam

T ——

to allow for the attachment of reinforcement defor-
mation measuring instruments during the test. The nuts
are shown in detail in Fig. 4.

Fig. 4. Longer nut for attaching devices

Fig. 5 shows the placement of reinforcing bars
on the fourth layer, which was performed 3-5 minutes

after printing. After that, the fifth layer was placed.

Fig. 5. Placement of individual reinforcing bars on the fourh layer

The optimal time for ensuring sufficient hardening
of the concrete layers is approximately 5 minutes. This
duration helps prevent the reinforcement from "'sinking"
into the concrete and ensures that the protective layer
around the reinforcement is maintained. During

o

.

a technological break, the 3D printer can continue to op-
erate by printing other designs instead of remaining idle.

After the final fifth pass, the printing of the
beams was completed. The finished beam samples
from this series are shown in Fig. 6.

Fig. 6. Reinforced concrete beams printed by 3D printing with reinforcement by single bars
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After 28 days, when the concrete reached the de-
sign strength, these samples were delivered to the la-
boratory of Lviv Polytechnic National University for
further experimental research.

As a result of the work done, a technology for
manufacturing beams reinforced with single bars was
developed using 3D printing technology. Working de-
signs of the beams were also achieved, as shown in
Fig. 7.
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Fig. 7. Reinforced beam made by 3D printing with single bars reinforcement

The beam's overall dimensions are 1700 mm,
with a cross-sectional width of 100 mm and a height of
150 mm. The beam was printed horizontally in 5 lay-
ers. Each layer consisted of three nozzle passes with a
height of 20 mm and a width of 50 mm. To place the
beam in the design position, it must be turned 90 de-
grees from the printing position.

To determine the possible slippage of the work-
ing reinforcement, it was released 50 mm beyond the
surface of the concrete at the ends.

o)

To determine the physical and mechanical char-
acteristics of the materials, samples of cubes and
prisms were printed and poured into the formwork. Re-
inforcement samples were also made from the batch
used to reinforce the beams.

As a result of the developed methodology,
beams were printed and ready for experimental re-
search, shown in Fig. 8.

Fig. . Beams made by 3D printing with reinforcement with single bars
after reaching the design strength
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Further, it is planned to conduct experimental
research of beams manufactured using 3D printing
technology under load in the laboratory.

Conclusions. The technology developed for
manufacturing beams with a 3D construction printer al-
lows for the production of structures that fully align with
previously established design solutions.

The proposed printing sequence enables the pre-
cise placement of individual reinforcing bars in areas
subject to the highest bending moments.

This manufacturing method, particularly with the
use of single reinforcing bars, can be effectively imple-
mented in real construction practices.
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