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As an advanced method of green construction, concrete 3D printing has the advantages of saving materials, energy and time.
However, this technology still cannot meet the practical requirements of large-scale production in the construction industry,
and it requires further equipment, materials, and software research. In this paper, the classification of 3D printing in the field
of construction, the status of research, and acquaintance with existing equipment for concrete 3D printing are considered.
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AHaJIi3 KOHCTPYKUi npuHTepiB 11 3D-apyky
B OyJiBHMUTBI Ta apXiTeKTypi
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V crarti BukOHaHO orjsig mpuHTepiB s 3D apyky B OyOiBHHULTBI SK LiMHX OYAMHKIB, Tak i OKpeMHX iX YaCTHH.
[TpoaHanizoBaHO OCHOBHI HEIOJIKH 1 IIepeBark pisHUX KOHCTPYKIi# mpunTepiB mist 3D ApyKy Ta BU3HAYCHO, Y SKUX TEXHO-
JIOTIYHUX CXeMax 1X BUKOPHCTAaHHS € HaiOinbul nouinsauM. [Tounnatoun 3 2005 poky 3D npyk cTaB ZOCTYIHUI 11l 3arajib-
HOT'O BUKOPHCTAHHs, aJie BapTiCTh BUTOTOBICHHX BUPOOIB 32 IOMOMOTOI0 TEXHOJIOTII APYKY HEepeBHILyBaia BapTiCTh BUPOO-
HULTBA aHAJIOTIYHUX BUPOOIB B AEKUIbKa pa3iB. Y OymiBHHUITBI B OUIBIIOCTI BUMAAKIB TeXHOOTIS 3D ApyKy BUKOPUCTOBY-
€TBCSI JUISI CTBOPEHHS €KCKIIIO3WBHUX, 1HIUBITyaJlbHUX, BUCTaBKOBUX OymiBelNb, ajie HAyKOBII 3 KOKHMM POKOM Bce OUIBII
MIPUCTOCOBYIOTH TEXHOJIOTIIO JJISI CepiifHOro BHPOOHHITBA Oy/iBEIbHUX KOHCTPYKIIH Ta OyAiBeNb B LUIOMY 32 THUIIOBHMH
MPOEKTaMH, 110 J03BOJMTH 3MEHIIUTH BUTPATH Ha OyaiBHUUTBO. Iliguyac posrisay Texuosorii 3D aApyKy BCTaHOBICHO, IO
NPUHTEP 3JaTHHUN MPALOBAaTH 3 OE3MiY4I0 Pi3HUX MarepiajiB, BKIIOYAIOUH [JIMHY, HEBEJHMKY KiJIbKICTh XIMIYHHX 100aBOK,
a takox nemeHt. Cranpaprtauit OyaiBensHuil 3D-npunTep QyHKUIOHYE ayXe MoxiOHO 10 cranaapTHoro npuHtepa FDM, B
HepIIy Yepry, TOMY, 10 0OUIBI TEXHOJIOTII 3aCHOBaHI Ha eKcTpy3ii Marepiany. ToMy iXHi mpolecH ayKe CX0Xi OJMH Ha OfI-
HOTO: CIIOYaTKy CTBOPIOE€ThCs LmdpoBa 3D-Monens 3a JONOMOTIOI0 MPOrpamMHOro 3abesmneueHHs misi 3D-MonemioBaHHS.
TToTiM Mozeib po3pizaerhest i nepekianaeTsest B G-koa. G-Code notim Hanpasiisie IpyKyBalbHY FOJIOBKY, siKa [IapaMH yKJia-
Jla€ MaTepial, 1o NOJaeThesl 3 OETOHO3MIIIyBaYa, IOKH He Oy/ie BUTOTOBJICHHI OCTaHHIH eJIEMEHT. 3aJIe)KHO BiJ] TUITY OCTOH-
Horo 3D-npuHTepa HOro KOHCTPYKLiS, MOJKIMBOCTI Ta HPOLIEC BapitoroThes. KOXkKEeH 3 HUX Mae IEBHI epeBart Ta HeJ0JIKH B
3aJIeXKHOCTI BiJ] OakaHoro 3actocyBaHHs. OOCST 30HU APYKY, TOUHICTE JIPYKY, IPAKTUUHICTH TA €(PEKTHBHICTH KOHKPETHOTO
3D-npunTepa OyAyTh BiIPi3HATHCS 3aJI€XKHO BiJl HOTO CHCTEMH, TEXHOJIOTi], BUPOOHHUKA Ta mepe10auyBaHOT0 3aCTOCYBaHHSI.
Takum yrHOM 3D TexXHOJOTII BCE MIMPIIIEe BUKOPUCTOBYIOTHCS Y HAILIOMY MOBCSKACHHOMY YKUTTI 1 B PI3HUX raly3sX TEXHiKH,
1110 103BOJISIE MIPUIIBUAIINTH OyIiBHUIITBO, ABTOMATH3yBaTH Ta 3/CLLIEBUTH HOTO.

KunrouoBi ciioBa: aqutrBHE BUpoOHMITBO; 3D npyK; 3enene OyaiBHUIITBO, pOOOTH30BaHUH IPUHTED, IPYK OETOHHUM PO3UMHOM.
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Introduction

Nowadays the major difference between modern con-
struction machines and technologies is the application
of IT technologies, robotics, and automation. The tech-
nology of 3D printing is among the construction tech-
nologies that fully meet these criteria.

3D printing is a technology that applies plastic con-
crete layer by layer with an extruder.

The history of 3D printing technology dates back to
the 1980s, but due to the high cost, the complexity of
computers, and the lack of computer power, it has not
been widely used. Since the 2000s, the development of
computers has increased rapidly, which has made it
possible to use 3D printing in medicine, mechanical en-
gineering, and aircraft manufacturing. Since 2005, 3D
printing has become available for general use, but the
cost of additive manufactured products has exceeded
the cost of common production of similar products sev-
eral times. In most construction cases, 3D printing tech-
nology is used to create exclusive, individual, exhibi-
tion buildings, but every year scientists are adapting the
technology for mass production of buildings in general
on standard projects, which will reduce construction
costs. The 3D printer is capable of working with many
different materials, including clay and concrete [2].

Definition of unsolved aspects of the problem

The equipment for concrete 3D printing has a wide
range of designs and printing technologies, which
causes problems in choosing both the equipment and
technological parameters of the printing process.

Problem statement

The goal of the work is to review the concrete
3D printers and to analyze the technologies in which
their use is most appropriate.

To achieve this goal, it is necessary to solve the fol-
lowing tasks:
— inspect the most common designs of construction
3D printers;
— analyze their advantages and disadvantages;
— to evaluate the possibilities of different construction
3D printers for quick readjustment depending on the
change in the production program.

Basic material and results

Designs of construction 3D-printer are no different
from the design of 3D printers used in other industries.
The frame, extruder, and drives that move the extruder
in a given direction are the main elements of a construc-
tion 3D printer.

The size of the printer will mainly depend on the ob-
ject being built. The classification of printers is divided
according to the spatial method of work, objects of
printing, and mobility.

According to the spatial method of work is divided into
portal printers, delta printers, and robotic manipulators.

In portal printers, printing is carried out on the
X, Y, and Z axes has become the most common due to
the simplicity of design. The drawbacks of such print-
ers are the limitation of the dimensions of the building
under construction.

An example of a portal printer is the BOD2 printer
from COBOD (Figure 1-2) [3, 4]. The construction of
a two-storey house in Belgium on 90 m? took 15 days.
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Figure 2 — Two-storey building printed by BOD2

The Ukrainian manufacturer of portal printers is
Voltaro - the Kharkiv plant of CNC machines. Printers
manufactured at the factory can be used for the con-
struction of buildings, gazebos, fences, and one-piece
formwork. It can be built in the shop and on the con-
struction site (Figure 3) [5].

The pros of portal 3D printers are:

— simplicity and reliability of construction;
— minimal maintenance.

The cons are:

— limited size of the 3D printing area used mainly for
the low-rise buildings;

— non-mobile design of the 3D printer;

— high requirements for the preparation of the construc-
tion site.
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Figure 3 — 3D-printer Voltaro

Delta printers in which the axes are located parallel
on three frame supports, which can also be guides
for the axle carriages. The frame shape is a triangle with
angles of 120 °. It looks like the Latin letter A - delta.
The advantage of delta printers is the ability to print
complex objects compared to portal printers. Disad-
vantages of delta printers are inaccurate printing and
low reliability. The largest concrete 3D printer is
the Big Delta. Big Delta is a development of the
Italian company WASP. The printing area on the con-
struction site is 6 meters in diameter and 12 meters high
(Fig. 4-5) [6].

Figure 5 — Exhibition building printed by Big Delta

The advantages of construction delta printers are:
— large building field;
— modular design of the printer which is easily mounted;
- the ability to serve low-skilled staff.

The disadvantages of delta printers are:
— the impossibility of using heavy extruders;
— the inaccuracy of 3D-printing in XY direction;

Robotic manipulator printers can print designs of any
shape in any direction at the distance of the manipulator
length.

According to their design, robotic manipulator print-
ers have different types: tower crane printers and ro-
botic "arm" manipulators.

Apis Cor printer (Figure 6) is a nice example in the
niche of robotic manipulator printers [7]. The company
develops manipulators that allow you to print buildings
under the supervision of only two operators. Due to the
compact design, the printer can be easily transported
with a trailer, which will increase its competitiveness in
the market for construction 3D printing.

N

Figure 6 — Exhibition building by Apis Cor

Anna Chen-iun-tai, CEO and Co-founder of Apis Cor,
says, “3D printing technology allows us to reduce the
amount of construction waste. Additive manufacturing
is the opposite of the subtractive manufacturing process
where you need to cut out extra material to build a
needed shape. In the case of 3D printing, you add as
much material as you need to create a shape.”
This makes it a more efficient and sustainable pro-
cess [7].

Apis Cor has a unique solution - tracked chassis.
This allows movement freely around the building site
(Figure 7) [8].

There is one of the oldest techniques — building with
earth, dating back thousands of years. Not surprisingly,
it's being combined with modern digital fabrication
techniques such as 3D printing, in order to create eco-
friendly, low-carbon structures that are also affordable.

Italian company WASP (World’s Advanced Saving
Project) is one of these modern-primitive pioneers in
the field of 3D printing with mud (as seen previously),
creating large delta-style 3D printers that can manufac-
ture habitable homes out of the mud. Their latest project
is Gaia, an affordable tiny home that's been printed out
of mud using the company's modular printing system
which uses a new “infinity 3D printer”, dubbed the
Crane Wasp. (Figure 8) [9].
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Figure 7 — 3D-printer by Apis Cor
with tracked chassis

Figure 8 — 3D printer by Crane Wasp

The advantages of robotic 3D printer manipulators
are:
— small dimensions and weight;
— easy transportation - mobility;
— easy preparation on construction site;
— the ability to move around the site while working if
the printer has a mobile platform or move with the help
of auxiliary equipment
— versatility and possibility of construction of complex
buildings due to replaceable nozzles of an extruder;
— automated laying of reinforcing and insulation, sur-
face finishing, and painting.

The main disadvantages of using robotic 3D printers-
manipulators in additive construction are:
— the high cost of equipment;
-- the complexity of maintenance, which requires pro-
fessional and highly qualified staff;

- the limited height of the building under construction.

One of the specifications that have been established
is that the printer needs to be mobile so that it can be
moved to the building site where the building is to be
built. This led to the idea of the printer being integrated
into the trailer of an articulated lorry, such as the one
shown in Figure 9 [3], and sliding out from one side of
the lorry to produce the build area. This means that
some of the components of the printer could be inte-
grated into the trailer of the lorry itself. Also, the lorry
trailer could be attached to the support structure of the

printer to increase the stability or be used to replace part
of the support.

However, this means the size of the printer would be
restricted by the trailer of the lorry, which is predeter-
mined from the maximum allowed size according to the
regulations of the road. This meant the maximum size
of the lorry trailer could be 12 meters long, 3 meters
wide, and 4.95 meters in height. It also means that there
would be a weight restriction on the printer of 44
tonnes. Additionally, this means that the printer will not
be limited to one building site and therefore saves time
in setting up the printer as it can be transported almost
completely assembled.

Figure 9 — Car trailer 3D concrete printing

Due to some of the printer components being inte-
grated into the truck or attached to the support structure,
there would be some vibration that could either cause
the printed part to subside or cause the print head to
move and cause inaccuracies in the printing.

Therefore the vibration would have to be kept to the
minimum by the use of rubber dampers underneath the
components which cause vibration or on the bars which
have moving parts on them.

The components that are to be mounted in the trailer
itself which will cause vibration can be mounted on a
rubber mat which damps the vibration and stops the ma-
chinery from getting damaged. These rubber mats are
commonly used in construction for reducing the effect
of vibration caused by heavy static generators, com-
pressors, engine test beds, etc [3].

All the described printers work according to the fol-
lowing algorithm:

— Data preparation;
— Preparation of concrete mix;
— 3D printing.

A standard construction 3D printer works very simi-
larly to a standard FDM printer. This is primarily be-
cause both technologies are based on the extrusion of
the material. Therefore, their processes are very simi-
lar: first, a digital 3D model is created using 3D model-
ing software. Then the model is sliced and translated
into G-code. The G-Code then drives the extruder,
which lays the material layer by layer until the last ele-
ment is extruded. Construction 3D printers are designed
to make parts by extruding material from the print head
(extruder), which is attached to a portal system or a ro-
botic arm system similar to a crane. Depending on the
type of concrete 3D printer, capabilities and processes
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can vary. Each of them has certain pros and cons de-
pending on the desired application. The size of the
printing area, printing accuracy, practicality, and effi-
ciency of a particular 3D printer can vary depending on
its system, technology, manufacturer, and intended use.

The most important process is the preparation of con-
crete mix. While preparing the concrete mix, the fol-
lowing parameters must be taken into account: the
speed of laying, the height of the mix, and the time be-
tween two layers.

The supply of concrete to the extruder can be constant
or cyclic.

During 3D printing, the concrete mixture is extruded
from the printer through a nozzle.

Extrusion of the concrete mixture and laying in layers
is provided through the nozzle of the printer in a given
way (Figure 10), programmed by the user. This path is
programmed accordingly, so the printer extrudes con-
crete in layers, forming a real three-dimensional object
in a digital model form. At this stage, it is necessary to
control the time of delivery of concrete to prevent rapid
hardening and as a consequence clogging the printer.

LWL
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Figure 10 — Concrete extruding layer by layer

The scheme of feeding the concrete mixture into the
printing area includes two stages: preparation of the
mixture and its subsequent injection through the feed
hoses to the extruder (Figure 11).

3D printing technology allows the creation of a vari-
ety of building structures of any strength and different
designs. These are structures in which the possibility of
adding heat-insulating material (Figure 12) or addi-
tional reinforcement, adaptation to the landscape, and
special climatic conditions.

__________________________
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Figure 11 — The scheme of feeding the concrete mixture into the printing area
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Figure 12 — Adding heat-insulating material
or additional reinforcement

Conclusions

As a result of the analysis performed in the paper,
the main designs of concrete 3D printers and their in-
dividual elements are determined. Their disadvantages
and advantages in terms of logistically efficient organ-
ization of production are considered. It is determined
that at the moment the designs of existing printers al-
low the creation of low-rise buildings of different con-
figurations with the use of different construction mix-
tures. The main ways of feeding the mixture to the
printer extruder, ways to improve the performance of
construction printers, and their further possible im-
provement are analyzed.
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