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Summary. Raising of problem. Today, in all spheres of our life we can constate the permanent search for new,
modern methods and technologies that meet the principles of sustainable development. New approaches need to be, on
the one hand more effective in terms of conservation of exhaustible resources of our planet, have minimal impact on the
environment and on the other hand to ensure a higher quality of the final product. Construction is not exception. One of
the new promising technology is the technology of 3D -printing of individual structures and buildings in general. 3D-
printing - is the process of real object recreating on the model of 3D. Unlike conventional printer which prints
information on a sheet of paper, 3D-printer allows you to display three-dimensional information, i.e. creates certain
physical objects. Currently, 3D-printer finds its application in many areas of production: machine building elements, a
variety of layouts, interior elements, various items. But due to the fact that this technology is fairly new, it requires the
creation of detailed and accurate technologies, efficient equipment and materials, and development of common
vocabulary and regulatory framework in this field. Research Aim. The analysis of existing methods of creating physical
objects using 3D-printing and the improvement of technology and equipment for the printing of buildings and
structures. Conclusion. 3D-printers building is a new generation of equipment for the construction of buildings,
structures, and structural elements. A variety of building printing technics opens up wide range of opportunities in the
construction industry. At this stage, printers design allows to create low-rise buildings of different configurations with
different mortars. The scientific novelty of this work is to develop proposals to improve the thermal insulation
properties of constructed 3D-printing objects and technological equipment. The list of key terms and notions of
construction by 3D-printing and 3D-modeling. Practical value. Developed in this work equipment and materials allows
in the nearest future to move from theory to practice and implement such effective method of construction as the
technology 3D-printing.
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Annortamus. ITocmanoeéka npoonemvr. Ha ceromHsmHUN JeHb BO BceX cdepax Hamedl KU3HU HICT
TIepMaHEHTHBIN TIOMCK HOBBIX, 00Jiee COBPEMEHHBIX METOZOB M TEXHOJOIWH, OTBEYAIOMINX MPHUHINIAM yCTOWYHBOTO
pasButusa. HoBble OAXOIBI MOIDKHEI OBITH C OJHOH CTOPOHBI Ooiee dPPEKTHBHBIMH C TOYKM 3PCHUS COXPaHCHHS
HeOe3rpaHNYHBIX PECYpCOB HAIleH IIAHETHl, MMETh MHUHHMAIBHOE BIMSHUEC HAa OKPYXKAIOIIYIO Cpedy, a ¢ APYrou
CTOpPOHBI 00ecIieunBaTh 0oJiee BHICOKOE (PUHATBHOE Ka4eCTBO MPOAYKIHH. CTPOUTEIHCTBO HE SIBIISETCS UCKIIIOYEHHEM.
OxHOM M3 HOBBIX NMEPCIIEKTUBHBIX TEXHOJOTHU SBISAETCS TEXHONOTUS 3D—TedaTH Kak OTAEIbHBIX KOHCTPYKINH, TaK U
3IaHUH ¥ COOpPYKEHHH B 1esioM. 3D-1egats — 3TO mMporecc BOCCO3AaHUS peaqbHOro oobsekTa mo obpasiy 3D-moxemnm.
B omianume oT 0OBIYHOTO NpUHTEPA, KOTOPHIA BBIBOAUT MH(OpMAaLMI0 Ha JucT Oymaru, 3D-npuHTEp MO3BOJSIET
BBIBOJIUTH TPEXMEPHYI0 MH(OpMaLUIO, T.€. CO31aBaTh OlpeAeiEéHHble Gpu3ndeckue o0bekThl. Ha nanubiii Moment 3D-

18



Bicauk [TpuaHinpoBceskoi aepkaBHOI akaneMil OyaiBHUITBA Ta apxiTekTypH, 2016, Ne 3 (216) ISSN 2312-2676

MIPUHTEP HAXOIUT CBOE NMPHMEHEHHE BO MHOTHX c(epax MPOM3BOJCTBA: JIEMEHTHI MAITHHOCTPOCHUS, Pa3HOOOpa3HbIC
MaKeThl, JJIEMEHTHI MHTEphEpa, pa3IuyHble Aetand. Ho B CBA3M ¢ TeM, YTO 3Ta TEXHOJOTHS IOCTATOYHO HOBas, OHA
TpeOyeT co3aaHus TOYHBIX U JIeTAbHO MPOPabOTaHHBIX TEXHOJIOTHUH, 3()(EKTUBHOrO 000PYJIOBaHUS U MATEPUAJIOB, &
TaKKe pa3paboTKU OOIIENPHHATON JIEKCUKM M HOPMAaTHBHOW 0a3bl paHHO# chepsl. Ifens. AHanu3 CyLIeCTBYIOIIUX
METOJIOB cO3/1aHus (HU3nYecKuXx 00beKToB 3D-revyaTtanueM U yCOBEpIICHCTBOBAHHE TEXHOJIOTHU U 000PYAOBaHUS ISt
neyaTH 37aHuid U coopyxeHui. Boteod. Ctpoutenbubie 3D-IpUHTEPHI — 3TO 00OPYAOBAHHE HOBOTO TOKOJICHHS JJIS
BO3BEJCHUS 3[IaHUH M COOPY)XEHHMH, a TaK)Ke 3JIEMEHTOB KOHCTPYKUMiH. Pa3HooOpa3ue CTpOMTEeNbHON NeyaTHON
TE€XHUKU OTKPBIBAET MIMPOKHE BO3MOXKHOCTU B CTPOUTENBHON MHAycTpuK. Ha qaHHOM 3Tamne KOHCTPYKIMH NPUHTEPOB
MIO3BOJISIIOT CO3/1aBaTh MAJIOITAXKHBIE MOCTPOHKHU PA3NUYHBIX KOHQUIypalMii ¢ IPUMEHEHHEM Pa3HBIX CTPOMUTENBHBIX
cmeceil. Hayunasa Hoéu3na JaHHOW padOTBI COCTOMT B pa3pabOTKe MPEAJIOKEHHS 110  IOBBIIICHUIO
TEIUIOM30JSIIIMOHHBIX CBOWCTB BO3BOAWUMBIX 3D-meuaraHneM OOBEKTOB M YCOBEPIICHCTBOBAHUIO TEXHOJOTHYECKOTO
obopymoBanus. I[IpemrokeH mepedeHbh OCHOBHBIX TEPMHHOB W TOHATHH cTpoutenpHON 3D-mewatm u 3D-
MonenupoBanus. Ilpakmuueckasa 3uauumocms. Pa3zpaboTaHHOE B paMKax [TaHHOM paboOTel 000pyHOBaHHE W
MaTepHaIbl IO3BOJIAT YK€ B OnrbkaiiieM OymymieM MmepeidTH OT TeOpHH K MPaKTHUKE W BHEAPUTH TaKoW 3(peKTHBHBIN
METOJ] CTPOUTEIBCTBA, KaK TeXHonorus 3D —mevartn.
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Anorauisi. Ilocmanoexka npoonemu. Ha choroHilHIi qeHb y BCiX cdepax HAIIOrO XKUTTS We NepMaHEHTHUM
MIOITYK HOBHX, OLTBIII Cy9aCHMX METO/IB 1 TEXHOJOTMH, 1110 BiINOBIJAIOTh MIPHHLIUIIAM CTaJIOTo Po3BUTKY. HoBI migxonn
NOBUHHI OyTH 3 0IHOTO OOKY OUNIbII €()EeKTUBHUMH 3 TOUKH 30py 30epekeHHs] HeOEe3MEKHUX PECypCiB HAILOT IJIAHETH,
MaTd MiHIMaJIbHUH BIUIMB Ha HAaBKOJIMIIHE CEPENOBHILE, a 3 IHIIOro OOKy 3a0e3nedyBaTH BHILY KIiHIEBY SKICTh
nponykuii. byniBHULITBO He € BHHATKOM. OJHI€I0 3 HOBUX INEPCHEKTHBHHUX TEXHOJIOTIH € TexHouorist 3D-npyky sk
OKpeMHX KOHCTPYKLIH, Tak 1 OyaiBens i criopyn B mitoMmy. 3D-1pyk - 1ie mpouec BiJTBOPEHHs peaJibHOro 00'ekTa 3a
3paskoM 3D-moneni. Ha BinmmiHy Bin 3BMuaiiHOro mpuHTEpa, KM BHBOAWTH iH(OpMAIio Ha apKym mamnepy, 3D-
MIPUHTEP JI03BOJISIE BUBOANTH TPUBUMIpHY iH(opMaito, TOOTO cTBOproBaTH neBHI iznyni 06'extH. Ha nannit MomMeHT
3D-npuHTEp 3HAXOOWTH CBOE 3aCTOCYBaHHA B Oarathox cdepax BHPOOHHITBA: €JIEMEHTH MAIIWHOOYIyBaHHS,
PI3HOMaHITHI MaKeTH, eJIeMEHTH iHTep'epy, Pi3Hi AeTami. Aje B 3B'A3Ky 3 THM, IIO I TEXHOJIOTIS TOCHTH HOBAa, BOHA
BHMAarae CTBOPCHHS TOYHHX Ta JETAIBEHO OMPAIlbOBAHMUX TEXHOJIOTiH, €EKTHBHOTO OONAaTHAHHS 1 MaTepialiB, a TAKOX
PO3pOOKH 3aralbHONPHUITHATOI JIEKCMKM 1 HOpPMAaTMBHOI 0a3u naHoi chepu. Mema. AnHaniz iCHyIOUHMX METOIIB
cTBOpeHHs ¢i3ndHuX 00'exTiB 3D-apyKyBaHHAM Ta YIOCKOHAJICHHS TEXHOJOTIl Ta 00JamHaHHS A OpyKy OyZiBerns i
crniopyn. Bucnogsok. BynienbHi 3D-nipuHTepH - 11e 00J1aJIHAHHS HOBOTO TIOKOJIIHHS JIJIst 3BeJeHHs Oy IiBelb 1 criopy, a
TaKOX EJIEMEHTIB KOHCTPYKLii. Pi3HOMaHITHICTD OyiBeNIbHOT APYKApChKOI TEXHIKU BiJKPUBAE IIMPOKI MOXKIMBOCTI B
OyniBenpHil iHaYycTpil. Ha naHomy erari KOHCTPYKIii NPUHTEPIB JO3BOJSIOTH CTBOPIOBATH MAaJIONOBEPXOBI OyaiBii
pi3HUX KOH(Irypauiif i3 3acTocyBaHHSIM pi3HMX OyniBeNbHHMX cymimeld. Haykoea noguzna naHoi podbOTH mojsrae B
po3po0Ili MPOMO3WIIi IMOMO TIJBUIICHHS TEIUIOI30AIIMHNX BIIACTHBOCTEH 3BOMATHCS 3D-apykoM 00'€kTiB i
BJJOCKOHAJICHHSI TEXHOJIOI'TYHOro 00Jia[HaHHS. 3alpOIIOHOBAHO ITIEPETiK OCHOBHUX TEPMIHIB 1 MOHATH OYAiBEIBHOTO
3D-gpyky i 3D-monemroBanHs. Ilpakmuuna 3nauumicms. Po3pobieHe B pamkax maHOi poOoTH oOMagHaHHS i
MaTepiany J03BOJIATH BXKE B HalOMIKYOMYy MailOyTHROMY MepeiTd Bin Teopii IO MPaKTHKW 1 3aIpOBAJWUTH TaKHH
e(eKTUBHUN MeTO/ OYAiBHUIITBA, SIK TeXHOJOTISA 3D-IpyK.

KuiouoBi cinoBa: 3D-opyxyeanns, npunmep, 20106Kka 0151 OpYKY8anis, ekcmpyoep, enepzoeekmusni mamepianu, 0yoiens

Introduction. Today, in all spheres of our =~ New approaches need to be, on the one hand
life we can constate the permanent search for = more effective in terms of conservation of ex-
new, moderner methods and technologies that  haustible resources of our planet, have minimal
meet the principles of sustainable development.  impact on the environment and on the other
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hand to ensure a higher quality of the final
product. Construction is not exception. One of
the new promising technology is the technology
of 3D -printing of individual structures and
buildings in general. 3D-printing - is the pro-
cess of real object recreating on the model of
3D. Unlike conventional printer which prints
information on a sheet of paper, 3D-printer
allows you to display three-dimensional infor-
mation, i.e. creates certain physical objects.
Currently, 3D-printer finds its application in
many areas of production: machine building
elements, a variety of layouts, interior elements,
various items. But due to the fact that this tech-
nology is fairly new, it requires the creation of
detailed and accurate technologies, efficient
equipment and materials, and development of
common vocabulary and regulatory framework
in this field. These objectives and the focus of
this work.

Findings. Key technologies of 3D-printing
are [1-3]:

- Layer Object Manufacturing, LOM. The
main idea is to cut the sheet of various materi-
als with a laser beam (paper, laminates, metal
foil, ceramic), and then heated rollers glue the
layers between each other (Fig. 1a). The disad-
vantages are: a rough surface products, the pos-
sibility of bundling and mistaking if sheet is not
completely cuted (damaged layers are needed
to be removed, and done again);,

- Fused Deposition Modeling, FDM —
This is three-dimensional printing technology,
in which the object is created of the melting the
plastic thread it fed through the extruder on a
work surface and is hardened there later. After
the first layer, the working platform is lowered
and the process continues again (Fig. 1b). It is
the only technology of «cultivation» 3D-objects
using industrial thermoplastics which can with-
stand high temperatures and mechanical loads.
Layering allows to receive parts of complex
geometry. The method has such disadvantages:
plastic melts and spreads in all directions, so
the models have pronounced relief surface, so
the object precision is lost;

- laser stereolithography, SLA - this 1is
three-dimensional printing technique in which
liquid photopolymer under the action of laser
light changes its physical properties and solidi-
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fies. The three-dimensional object is grown
layer by layer, the thickness of layer in an aver-
age is 0.1 mm, which ensures high print quality.
The disadvantages of the technology is high
cost of equipment and low printing speed (a
few millimeters per hour);

- selective laser sintering, SLS, is like the
previous technology, but the basic material is
powdered thermoplastic, sintering with laser
beam.
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Fig. 1. 3D-printers with print technology [3]:

a — production of object by layers: 1 — foil; 2 — heated roller; 3
— laser beam; 4 — scanning prism; 5 — laser device; 6 — layers;
7 — mobile platform; 8 — remains;

6 — modeling by melting method

The powder in the chamber is heated till
the nearly melting point temperature, than it is
leveled and the laser beam draws the required
contour on it. At the point of contact of the
beam and powder the particles melt and sinter
with each another and with the previous layer.
Then the platform is lowered a new layer of the
powder is poured in the chamber, it is leveled,
and the process is repeated. The technology is
characterized by high speedy printing (up to 35
mm / hour), but it requires a lot of time to pre-
pare to heat the powder and stabilize the tem-

20



Bichuk [IpuaninpoBceskoi nepskaBHOT akaaeMil OyaiBHUITBa Ta apXiTekTypH, 2016, Ne 3 (216)

perature while resulting models have rough and
porous structure.
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Fig. 2. 3D-printers with print technology [3]:

a — stereoscopic printing; 6 — photopolymer sintering

- Three-Dimensional Printing, 3DP, 1is
based on inkjet technology. This kind of print-
ers is provided with two ingredients powdered
mass and liquid binder. The working chamber
of each printer consists of two parts (Figure 2,
a.): The first part is a powder feed chamber
(model material is loaded), and the second part
is the construction chamber where necessary
3D-model is grown. Initially, the material is
distributed uniformly on the entire surface of
chamber construction. Then, on the first thin
layer special binder is applied that glues all the
particles of the material together. After the plat-
form is displaced. The supply chamber platform
is lifted up, and the construction field platform
is lowered down. Dislocation must be made on
the same height. After this, immediately the
offset printing head again begins to move,
building up the model.

—~/

Dorowabnon
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- Solid Ground Curing, SGC, is based on
the fact that the special tonic creates the specif-
ic model template on a glass plate (Fig. 2b).
Formed photomask is located over a thin layer
of photopolymer situated on the desktop, fur-
ther it should be exhibited by UV lamp. The
layer corresponding photopolymer pattern
hardens, and all liquid stocks are removed. In
the next step all inside cavities must be filled
with molten wax, solidifying enough quickly.
Then the process is repeated again, but the tem-
plate for the next section is already used. The
advantage of the technology is that the process
can be paused at any time and then be restarted
from the same moment (this is important when
you need to remove the defective layers or con-
tamination). The printer creates the model with
a moving component parts. A lot of noise, large
weight and the constant presence of the opera-
tor are disadvantages of this type of printing.

Constructions 3D-printing is a new tech-
nology of building, which allows to build a
house on an individual project using different
materials in a short terms. Building 3D-printer
uses extrusion technology, where each new
layer of building material is squeezed out of the
printer on the previous one. Construction print-
ers are divided into two groups, printers, print-
ing the entire building (Figure 3, b.), and print-
ers, printing separate elements (Figure 3 in.).
An example can serve models of buildings from
the real building materials, elements of land-
scape design, etc.

Application of printers producing separate
structural elements eliminates the seasonality of
the construction, i.e., it is possible to print the
buildings parts, to cure them in the warehouses
till concrete sets necessary strength and then to
assemble them into a building on the construc-
tion site (Fig. 3d).

Before start building mixture must be pre-
pared in accordance with the requirements of
the equipment. Accept the place for 3D-printer,
it is also required to provide land for: mixture
preparation, its supply to the printer printing
head, pre-drying station, warehouses and load-
ing site. To install the manufacturing equip-
ment, the area or equipment room should have
connection points to service lines (power, water

supply).
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Fig. 3. 3D-printing of constructions [11]:
a, 6 — building; 6 — printing of construction;
2 — assembly of printed building structures

In the process of creating a ready-made ob-
jects at least two people are involved : the oper-
ator (directly controls the printer) and a worker
(prepares a mixture, reinforces the products in
the process of printing, prepares equipment for
use at the beginning and the end of shift). The
number of workers is up tothe equipment size

ISSN 2312-2676

and the complexity of the process, depending
on design solutions manufactured object.

Printers for 3D-printing are of different di-
mensions and weight, for example, a printer
format of 12 x 12 meters for printing elements
of buildings, landscape items up to 3 meters
high, is a large-size 120-ton structure (Figure
4a.). To print individual structures in the en-
closed space we can use small-format printers
with the capacity of the head storage device 18
... 32 liters, dimensions of 4 x 6 meters and
weight of 620 kg (Fig. 4b). At this stage, the
design of printers allows to create low-rise
buildings of different configurations using dif-
ferent construction mixtures.

It is reasonable to simulate the shape of the
construction and verify the printing process of
the object (3D-modeling) before the construc-
tion using technology of 3D-printing. This can
be made by small format equipement using real
building mixes, allowing to check the adopted
architectural design and solutions. To print the
building model plaster mixes are used, while
cement mixture are used to create products de-
signed for outdoor use. The process of horizon-
tal and vertical reinforcement, installation of
reinforcing skeletons inside wall cavities, lay-
ing of communications is worked out on mod-
els. An important aspect is that printed patterns
are convenient for carrying out laboratory tests
on various parameters.

Advantages of 3D-printing are:

the ability to create objects of any shape
and complexity;

speed of building;

the use of different materials, including
environmentally friendly materials;

wasteless production;

the simplicity of the process;

reduction of the human factor, and thus
quality improvement and construction accura-
cy.

The disadvantages of this construction
technology are:

lack of common terminology;

constructed facilities do not have an effec-
tive thermal insulation and have a high energy
consumption;

tooling elements require further improve-
ment.
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Fig. 4. Building printers [11]:

a— format 12 x 12 metres; 6 — format 4 x 6 metres

Research purpose. is to analyze the exist-
ing methods of creating physical objects by 3D-
printing and the improvement of technology
and equipment for the printing of buildings and
structures.

Results of the study. Based on the analysis
of publications and research, authors suggest,
the following key terms and notions in the field
of 3D-printing building.

3D-printing — the process of real object
recreating based on the 3D-model.

Technology of 3D- printing — is based on
the principle of layered growing (creation) of
solid model.

3D-modelling — the process of construction
object physical model creating.

3D-printer - device to recreate real object
per sample of 3D-model.

Printing head — a component of the printer,
delivering the mixture to the object of construc-
tion.

Extruder — part of the printing head, form-
ing a thick layer of extruded mortar.

Extrusion — technological process, when
each new layer of building material is extruded
from the printer over the previous.

During the construction of the building by any
known at present method it is necessary to en-
sure high energy efficiency of building enve-
lopes as well as the whole building. Alternative
building wall structure created by 3D-printing,
makes it necessary to search for alternative
methods of energy efficiency. In this paper, we
propose to increase the thermal insulation prop-
erties of objects created by 3D-printing, and
reduce the overall energy losses of the building
by laying energy-efficient thermal insulation of

ecological materials in empty wall structures
(Fig. 5) (on the basis of cut reed, pressed straw,
hemp shives, adobe, lightweight adobe, light-
weight concrete on the base of boon of hemp).
All these materials have been created in our
laboratory [9, 10] and passed preliminary tests.
Their main propertie§’are . i

Ao 5 A

o T ET T TR,
P, 3 ST
. et

o

Fig. 5. Building hollow structure [11]:
a — reinforced with fiber;6 — reinforced by partitions

As for the technology, the printing process
by different mortars basically differs by thick-
ness of the printed layer and the total height of
the product. The thickness of the extruded layer
formes extruder. During the printing we can
adjust the geometry of the extruded layer,
change the speed of printing to obtain high-
quality products.
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Table 1

Characteristics of thermal insulation materials [10]

ISSN 2312-2676

To increase the efficiency of printing it is
proposed to use printing head with several ex-

. Mt Thermal conduc- |4\ 4ors set at different levels one after the an-
Material weight, tivity coefficient, .
kg/m’ Watt/(m*K) other (Flg 6)" )
400 0,12 Taking into account the properties of a
Chop of jonk 300 0,09 stacked mixture the distance between extruders
260 0.078 1, 3 and 4 can regulated extending the possibili-
220 0,06 ties of printing technology and capacity of con-
150-250 0,09 struction projects.
Pressed straw 9703_18150 08403505 Originality and Practical value. Devel-
100 0 0 s 4_0'0 o3 oped in this work equipment and materials al-
Boon of hemp 7090 0.043-0.06 lows in .the near.est future to move frqm theory
Adobe 1500 05 to practice and implement such effective meth-
. . 1000 0.13 od of construction as the technology of 3D-
iéigzwelght 900 0.114 printing and make the process of building fast,
580 0.073 efficient and modern.
_ 420 0.071 Conclusions.
Lightweight 260 0,075 1. Building 3D printers is a new generation
concrete on the 360 0,079 ¢ . for th . f buildi
base of boon of of equipment for the construction of buildings
hemp 400 0,084 structures, and structural elements. A variety of

Fig. 6. Printing head with multiple extruders.
1, 3, 4 — extruders; 2, 5, 6 — cavity of mixture feed

building printing technologies opens up wide
range of opportunities in the construction in-
dustry. At this stage, printer design allows to
create low-rise buildings of different configura-
tions with different mortars.

2. The proposals for improvement of the
thermal insulation properties of constructed
3D-printing objects and improvement of tech-
nological equipment are developed.

3. The list of key terms and notions of con-
struction by 3D-printing and 3D-modeling
technology are proposed.
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