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ABSTRACT

Additive technologies expand the boundaries of creative possibilities and allow to create unique objects and elements in
the field of architectural environment design. The article discusses modern 3D printing technologies in the field of architectural
environment design. The tasks of the architectural environment designer are highlighted. The process of objects layout design
using 3D printing methods is covered in detail. The importance of the prototype creation stage is noted as the stage that additive
technologies influence the most. Special attention is paid to the materials used to create architectural environment design
objects using various 3D printing methods. The problems of 3D printing with cement mixtures and concretes related to their
physical and chemical properties are analyzed. The trends in the application of additive technologies in the field of architec-
tural environment design are determined.
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BBEJEHUE

B Hacrosiiee Bpemst yaessieTcss BHUMaHUE HE TOJIBKO KOH-
CTPYKTHUBY, HO U 3CTETUYHOCTH U MHOTO(YHKIIOHAJIBHOCTH B
MIPOEKTUPOBAHUH OOBEKTOB TPAXKIAHCKOTO CTPOUTEIbCTBA. B
CBSI3U C YEM YCIICITHO Pa3BHBACTCS TAKOE HAMpPAaBIICHUE B ap-
XUTEKTYpPEe M CTPOMTENLCTBE, KaK JU3aiiH apXWUTEKTypHOMH
cpeabl. DTOT BHJ MPOEKTHON AEATEIBHOCTH C(HOKYyCHPOBAaH Ha
ONTHUMHU3AINN (PYHKINOHATBHBIX TPOIECCOB KH3HEICATEIb-
HOCTH 4€JIOBEKA M MOBBIIICHUH €€ 3CTETHUECKOTO YPOBHS, CO-
4yeTaeT B ceOe 3JIEMEHTHI AU3aiiHa, ApXUTEKTYPBI U CTPOUTEIb-
CTBa.

MO>KHO BBIIEIUTH CIIEAYIONIME MEPBOCTEIICHHbIE 3a1a4n
Ju3aiiHepa apXUTEeKTypHOM cpensl [1-3]:

+  IlpoexkTnpoBaHWE 3[IaHUI U COOPYKEHHH: cO3/1aHHE
9KCTEPHEPOB U MHTEPHEPOB MIOMELIEHHH, ITOCTPOEK.

*  IlpensapurensHoe MojenupoBaHHe OyayIiero o0b-
€KTa C TIOMOIIIbI0 COBPEMEHHBIX CHCTEM M YCTPOICTB B IBYX- U
TPEXMEPHOHN BU3YaII3aLlUH.

*  OdopmieHne NMpoeKTa WIK KOHLEMINH TI0 BO3BEZC-
HUIO, ONTHMH3AIUH, PEKOHCTPYKIUH WM PECTaBpalluyl 371a-
HUI U COOpPYKEHUH.

*  VY4er ISHCTBYIOIINX CTPOUTENBHBIX U IPABOBBIX ac-
TIEKTOB B COYCTAHUUN C TBOPUCCTBOM: HOII60p HBGTOBOﬁ TaMMBblI,
croco6a oopMIIeHHSI, PACIIOIOKEHUE OTAEIBHBIX COCTABIISIO-
IIMX IPEJIMETOB, BBIOOP MaTepHaJIoB U Mp.

. Br160p npaBuIIbHOTO ¥ KOM(OPTHOTO OCBEIICHHS, aK-
LEHTUPYIOLIErocst Ha JOCTOMHCTBE MECTa.

CoBpeMeHHBIH AU3aiiH apXUTEKTYPHOH cpelibl — 3To cdepa
JMHAMHYECKOTO HCIONB30BaHUS aIUTHBHBIX TEXHOJOTHH.
PazBuTre ¢ poBU3auM NOCITY>KHI0 HCTOYHUKOM JUISL UX CO-
30aHUs. AZIUTHBHBIE TEXHOJIOTUH WIIH aJTNTHBHOE IIPOU3BO/I-
ctBO (aHri. additive manufacturing — AM) — 310 mporecc
(hopMHpOBaHUS LETBHBIX TPEXMEPHBIX 00BEKTOB IPAKTHUECKH
000 reoMeTpHIeCcKor GOPMBI Ha OCHOBE IIU(PPOBOH MOIEITH
¢ momompo 3D-niegatn. AM 1mo3BONIAET: HHTEHCH(HUITPOBATH
MPOLIECC CO3/AaHHUsI OOBEKTOB apXUTEKTYPHI; BBHINOIHATH dIIe-
MEHTBI AM3aiiHa 10 33JaHHBIM [TapaMeTpaM; OpraHU30BaTh ce-
pHﬁHOC IMMPON3BOJACTBO, YMCHbLIINTHL CTOMMOCTDL IPOMU3BOJICTBA
1 00BéM OTXOAOB; MUCIOJIB30BaThb MCHLIIC MAaTCpHUAJIOB U T.1.

[4-5].
MeTtoasnl 3D-neyaTn B Au3aliHe apXUTEKTYPHOM cpe/bI

3D-nleyaTh Ha TPUHTEPE MOXKET BBINOIHATHCS Pa3HBIMU
crioco0amu ¥ C TIPUMEHEHUEM Pa3HOOOpa3HBIX MaTEPHAIOB, HO
M000¥ U3 crtoco00B Oa3upyeTcs Ha MPUHIIHIIE TOCTOHHOTO CO-
3MaHus («BBIPAIIUBAHU» ) TBEPAOTO 00BeKTa [6-7]. OHa ipea-
JlaraeT JBa CyIICCTBEHHBIX HOBBIX PEIICHUS: YIIpaBIeHHE 00b-
eKTaMH B I(poBoM (opmaTe W co3gaHNEe HOBBIX (HOpM IO-
CPEeICTBOM T00aBICHHUS MaTeprana.

B nuzaiine apxuTeKTypHOU cpenbl it 3D-nedatn o0beKTa
MOTYT HCTIONB30BAThCS CIAEAYIONTNE METOIBI [8]:

- JKeTpy3uoHHBI. OH MpeanoiaraeT co3aHue cIoéB 3a
CY4ET MPOJABIMBAHUS PACXOJHOTO MaTepHana (IKCTPY3UH) B
BUJI€: TOHKHX CTPYH, MHUKpOKaIlesib WM OCTOHHOW CMEChIO -
3D-neuath OETOHOM, CTPOUTENBHAS M1€9aTh. TEeXHOIOTHS TOH-
KHX CTPYH COCTOMT B CJIEIYIOIIEM: IUTACTHKOBas HUTH pac-
TUTABIISICTCS M TP TTIOMOIIY SKCTPYIepa HAaHOCUTCS, TIOCIIOWHO,
dhopmupys m3nenre. TeXHOIOTHSI MEKPOKAIIEIb, 3aKIII0YacTCs
B QOpPMHPOBaHNH OOBEKTOB ITyTEM PACIUIABICHUS H SKCTPY3HU
TUTACTHKOBON HHUTH depe3 coruio 3D-npuaTepa. Marepuanom
JUTS PACCMOTPEHHBIX TEXHOJIOTHI CIyXKaT TePMOIUTACTHKH, Ta-
KHe KaK TTOJTATIAKTU T (PLA-mmacTukm),

INTRODUCTION

Currently, special attention is paid not only to the de-
sign, but also to aesthetics and versatility in the design of
civil engineering objects. Consequently, the design of the
architectural environment is successfully developing. This
type of project activity is focused on optimizing the func-
tional processes of human life and improving its aesthetic
level, combines elements of design, architecture and con-
struction.

The following primary tasks of an architectural envi-
ronment designer can be distinguished [1-3]:

* Design of buildings and constructions: creation of ex-
teriors and interiors.

* Preliminary modeling (prototyping) of the future ob-
ject using modern systems and devices in two- and three-
dimensional visualization.

* Design of a project or concept for the construction,
optimization, reconstruction or restoration of buildings
and structures.

* Consideration of existing construction and legal as-
pects together with creativity: selection of colors, design
method, location of individual constituent items, choice of
materials, etc.

* Choosing the lighting options, emphasizing the dig-
nity of the location.

The modern design of the architectural environment is
a sphere of dynamic application of additive technologies,
where the development of digital technologies is regarded
as a source for their creation. Additive manufacturing
(AM) is the process of forming integral three-dimensional
objects of almost any geometric shape based on a digital
model using 3D printing. AM allows to intensify the pro-
cess of creating architectural objects; perform design ele-
ments according to specified parameters; organize mass
production; reduce the cost of production and the amount
of waste; use less materials, etc. [4-5].

3D printing methods in the design of an architec-
tural environment

3D printing on a printer device can be performed in
different ways and using a variety of materials, but any of
the methods is based on the principle of layered creation
("growing") of a solid object [6-7]. It offers two significant
new solutions: the management of objects in digital format
and the creation of new forms through the addition of ma-
terial.

The following methods can be used in the design of an
architectural environment for 3D printing of an object [8]:

- Extrusion. It involves the creation of layers by push-
ing the material out in the form of thin streams, micro
drops or concrete mixture - 3D printing with concrete,
construction printing. In the process of Fused Deposition
Modelling, or Fused Filament Fabrication, a plastic fila-
ment is melted and applied by means of an extrusion de-
vice in layers, forming a layered product. The technology
of micro drops consists in the formation of objects by
melting and extrusion of plastic filament through the noz-
zle of a 3D printer. The materials for these technologies
are thermoplastics such as polylactide (PLA plastics),
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aKpWIOHUTPUIIOyTaaueHcTupon (ABS-mnactuku), monukap-
OOHAT, TOJNMATUIIEH BBICOKOTO JIABJICHHUS, CMECH IOJIMKapOo-
HaTa 1 ABS-mnactuka, nonudenmnencynbdon u mp. [9]. Tex-
HoJjiorus redat 3D-0eToHOM 3aKitouaeTCcsl B HAHECEHUH CIIOS
OeTOHHOHM cMecH IO MPEeABapUTEIHHO 3aJaHHOMY IUIaHy € HO-
Mmoo 3D-npunTepa. Uepes crienuaibHyI0 HacagKy paBHO-
MEpHO HaHOCSTCSl OCTOHHBIE CJIOH, CO3/1aBasi CTPYKTYpY 0O0b-
ekta. [ledaTp OCyIIECTBISIETCS M3 OOBIYHBIX CTPOUTEIBHBIX
MaTepHaJioB: IECKOOETOHA, TEOIOIMMEPHOTO OETOHA, CIIOXK-
HBIX CTPOUTENIFHBIX OpraHOMUHepanbHBIX cMeceit [10-11]. dns
YIIy4IICHNS! TEXHOJIOTHYECKUX CBOMCTB OETOHHOHN cMecH st
3D-nevaT BBOASATCS CyNepIuiacTu(hUKATOPbl U MUHEPATbHBIC
JI00aBKY — JOMEHHBIE IITAKH, 30JI6I YHOCA, MUKPOKPEMHE3EM U
T.7., B TOM YHUCJIe U B TOHKOAKCIEpCHOM Bue [12-14].

- [lopomkoBbIit MeTO Oa3upyeTcs Ha IJIaBKE MITH CIUIAB-
JICHUM MaTepuasioB ISl co3faHus cioeB. K Hemy oTHOcHTCA
BBIOOPOYHOE JIa3epHOE CIIEKaHHE IUIACTHKOBOIO IIOPOIIKA
(SLS-texnonorus). [locnoifHoe criekanne TpaHyIMPOBaHHBIX
MOJIMMEPOB TIPOXOIUT IO/ BO3AEHCTBHEM Jia3zepa, KOTOPBIA
CKaHMpPYET MaTepHaj Mo 33JlaHHOMY HalpaBJICHUIO, PACIIIaB-
st ero. B pesynpTare coenmMHEHUS PACIUIaBICHHBIX YaCTHUI]
(hopMupyeTcsi CHEKIIHKCS CiIoi. MaTepuanoM IUisl JaHHOTO
METO/Ia CITy’KaT TEPMOILIACTHKH, METAJUINYECKHE U KepaMuUe-
CKHe TIOPOIIKH. TeXHOIOTH MTO3BOJIIET CO3aBaTh OOBEKTHI U
M3JIEJIHS CJI0XKHON reoMeTpruieckoi GopMbl, 00JIaarolie Bbl-
COKOH MeXaHHYeCKOH MPOYHOCTHIO, a TAK)KE BOCIIPOU3BOIHUTH
3JIEMEHTSHI ¢ BBICOKOH TOYHOCTHIO [15-16].

- CTpyiinbiii MeToa 3D-neyatu ocyIecTBIIseTCsl HaHece-
HUEM Ha TOHKHE CJIOU IOPOILKA CBSI3YIOLIETO KIICIOIEro MaTe-
pHaia B COOTBETCTBHHU C KOHTYPaMH ITOCIIEA0BATEIbHBIX CJIOEB
udposoii Mozenu. Iporece moBTropsieTcs: 10 MOIyUYeHUs To-
ToBoi Mogemu [17-18]. TexHomorust cTpyHHOH TpeXMEpHOU
MeYaT UCTIONB3YET CIEIYIONE PA3HOBUAHOCTH MTOPOIIKOBBIX
MaTepuaoB:

. Kepamuueckuil nopomok. MenkogucnepcHas ChIIy-
yas CMEcCh, MO3BOJISIONIAs II€YaTaTh M3ZCINs PA3IMYHBIX OT-
TEHKOB, (pakTyp, oOnazaromue pasIMIHbBIMA MEXaHHUECKHMHU
cBoiicTBamHu. ['0TOBBII TPOAYKT TpeOyeT 00KuUra U ria3ypupo-
BaHMSI.

*  TI'paden — MoHoOaTOMHas yriepoaHas MoOAM(UKAIMS
rpaduTa ¢ yHUKaJIbHBIMU (PU3UKO-XUMHYECKUMH CBOHCTBAMH.

*  Meranmnuyeckne MOPOIIKHA — MOPOLIKH U3 METaJlIOB,
CMECH METaJJIOB, CMECH HEMETAIIIOB C METAJUIAMH.

*  IlemMeHTHBIE TOTMMEPHI — TOPOLIKOOOPa3HBIC MATEPH-
aJIbl, WICHTUYHBIE OETOHY, ylydmialomue (U3HIecKue CBOM-
CTBa TIOJINMEPOB.

. I'uncoBblil nopowok — nevats Ha 3D npuHTEpe mpe-
BpAIIlaeT 3TOT MaTepHai B yAOOHBIH MaTepHal ¢ pa3indHbIMH
JIEKOPAaTHUBHBIMU U (PU3WYECKUMH CBOICTBaMH, HAaIpHMED, B
aHaJIOT IECYaHUKA C ONTHMU3UPOBAHHBIMH MEXaHUYECKUMHU
CBOMCTBaMH.

. KoMmo3uTHBII TOPOIIOK Ha OCHOBE THIICA - THIIC C
nobaBkoii noiumepa. JlobaBka nojauMepa MmojJ0KUTEIbHO BIIH-
sgeT Ha (U3UKO-MEXaHHUYeCKHe M JieopMaTUBHBIE CBOWCTBA
THIICOBBIX M3JIEITHH.

»  IlItykarypka — OpOLIKOBast CMECh ISl TPEXMEPHOTO
MIPUHTEPA, MPUAAIOIIAs 0OIUIIOBOYHBIM TOBEPXHOCTSIM HOBBIE
KavecTBa.

TexHONOTHS CTPYHHOI TpeXMepHOU IedaTH 00ecreanBacT
MIAPOKUH TUANa30H MPHUMEHEHUS], BKIIFOUast CO3/1aHHE [[BETHBIX
MOJIeTIel, HABECHBIX KOHCTPYKIIMH, NCIIONIB30BAHNE HIIACTOME-
poB. KoHCTpyKITns Mozenelt MoXeT ObITh yCHJICHA 3a CUET I10-
CIIEIYIOUIeH MPOIUTKHA BOCKOM HJIH ITOJIMMEPaMH.
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acrylonitrile butadiene styrene (ABS plastics), polycar-
bonate, high-pressure polyethylene, mixtures of polycar-
bonate and ABS plastic, polyphenylene sulfone, etc. [9].
3D concrete printing technology consists in applying a
layer of concrete mixture according to a predetermined
plan using a 3D printer. Concrete layers are evenly applied
through a special nozzle, creating the structure of the ob-
ject. Printing is carried out from conventional building
materials: sand concrete, geopolymer concrete, complex
building organomineral mixtures [10-11]. To improve the
technological properties of the concrete paste for 3D print-
ing, superplasticizers and mineral additives are introduced
- blast furnace slags, fly ash, silica, etc. [12-14].

- The powder method is based on melting or fusing
materials to create layers. This includes Selective Laser
Sintering of plastic powder (SLS technology). The layered
sintering of granular polymers takes place under the influ-
ence of a laser, which scans the material in the required
direction, melting it. As a result of the fusion of the molten
particles, a sintered layer is formed. The materials for this
method are thermoplastics, metal and ceramic powders.
The technology allows to create objects and products of
complex geometric shapes with high mechanical strength,
to reproduce elements with high accuracy [15-16].

- Binder jetting is carried out by applying a binder
adhesive material to thin layers of powder in accordance
with the contours of successive layers of a digital model.
The process is repeated until the finished model is ob-
tained [17-18]. The technology of 3D printing printing
uses the following types of powder materials:

* Ceramic powder. A fine-dispersed bulk mixture that
allows to print products of different shades and textures
with various mechanical properties. The finished product
requires calcination and glaze coating.

* Graphene is a monoatomic carbon modification of
graphite with unique physical and chemical properties.

* Metal powders — powders of metals, mixtures of met-
als, mixtures of non-metals with metals.

* Cement polymers are powdered materials identical to
concrete that improve the physical properties of polymers.

* Gypsum powder — 3D printing transforms this mate-
rial into a convenient material with various decorative and
physical properties, for example, an analogue of sandstone
with optimized mechanical properties.

* Gypsum-based composite powder - gypsum with pol-
ymer additive. The polymer additive has a positive effect
on the physical, mechanical and deformative properties of
gypsum products.

* Plaster is a powder mixture for a 3D printing which
gives new qualities to the facing surfaces.

The technology of Binder Jetting provides a wide
range of applications, including the creation of color mod-
els, hinged structures, and the use of elastomers. The de-
sign of the models can be reinforced by subsequent im-
pregnation with wax or polymers.

Photopolymerization. The main idea of this method
is the layer-by-layer curing of a liquid polymer in a con-
tainer under the UV irradiation by a laser beam. The tech-
nology of liquid polymer photopolymerization of a is
called stereolithography — SLA. SLA technology uses
photopolymer resins. A photopolymer or light-activated
resin is a polymer that changes its properties when ex-
posed to light. The chemical composition is usually a trade
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®otonosmmepuzanms. CyIHOCTh METO/a B MOCIOHHOM
OTBEPIKJCHUHU JKUAKOT0 MOJIMMepa B eMKOCTHU NOJ JeficTBHEM
YIBTPaHOIETOBOI 3aCBETKH JIa3epHBIM JIydoM. TexXHOIorus
(hoTomonMMepu3aMY KHUAKOTO NOIMMEpa IOJTyYriia Ha3BaHUe
crepeonurorpadust — SLA. Texuonorust SLA ucnonssyer ¢o-
TOmoNKUMEpHbIe cMonbl. doTononauMep WM aKTUBHpyeEMas
CBETOM CMOJIa — 3TO IOJMMeEp, KOTOPBII MEHSAET CBOM CBOM-
CTBa MO BO3/CHCTBHEM CBETa. XMMUYECKHH COCTaB OOBITHO
SBIISICTCS KOMMEPYECKOH TaifHOM, HO B OOIIEM CMECh COCTOHT
U3 MOHOMEPOB, ONHUTOMEPOB M (OTOMHUIHATOpoB. Omuro-
MEpBI NPEICTABIAIOT COOOI 3MOKCHIHBIE CMOJIBI, ypPETaHBbI,
MIPOCTBHIE HITH CIIOKHBIE O (YUPHI, KAXKIBIH U3 KOTOPHIX MPH-
JlaeT OIIpe[esieHHbIE CBOWCTBA IOMYYCHHOMY MaTepuaiy.
OOBIYHO KaXKABIH U3 ATUX OJUTOMEpPOB (DYHKLIHMOHATH3HPOBAH
akpwiatom. [Ipumepamu hoTOMHHIIMATOPOB MOTYT OBITH OCH-
30()eHOH, KCAaHTOHBI U XHHOHBI, P 3TOM OOIIMMHU JOHOP-
HBIMH COCTMHCHHSIMU SBJISIOTCS almupaTHIecKue aMuHEI [19].

Texnonorus SLA mo3BoisieT M3roTaBIMBATH HE TOJBKO
0OBEKTHI CO CIIOKHBIMH T€OMETPUYECKUMHU (HhOpMaMH, HO U
MMHTHPOBATh IMpO3padHble MaTepuansl. OIHAKO H3IENUS U3
(hoTOTIOIMMEPOB NeCTPYKTYPUPYIOTCA IO Bo3ieiicTBreM Y D-
Tyuen.

IIpoekTHpOBaHUE TU3AHHEPCKUX 00BEKTOB C MOMOIILIO
3D-neuatn

B Hacrosmiee BpeMsi aJAUTHBHBIC TEXHOJOTUH HAXOIST
[IPUMEHEHUE B IM3aliHE apXUTEKTYPHOU cpenbl B peanuu. Me-
Toabl 3D-mevyatu UMEIOT CHUIIbHBIE CTOPOHBI MO CPABHEHHUIO C
TpaJUIIUOHHBIMU METOJaMU. NmenHo IMO3TOMY OHHM HMHTETpPU-
POBaHbI B TU3aiH apXUTEKTYPHOU CpElbl U ONPENeNsIOT TeH-
JICHIIUHM IPUMEHEHUS! aJTNTHBHBIX TEXHOJIOTHH.

Bnarogapst cBOMM HCKITIOYHMTENBLHBIM BO3MOXHOCTSIM 3D-
TEXHOJIOTUH UCIIONB3YIOTCS B IPOLIECCE ITPOSKTUPOBAHUS, pa3-
PabOTKH MPOTOTHITOB 3/1aHUH M AK€ B HEKOTOPBIX CIy4dasX B
peau3amyy TOTOBBIX IPOeKTOB. OIHOI U3 06IacTel IPOeKTH-
poBaHuS sBIsIETCS MakeTHpoBanue [20].

Co3naHne IBETHBIX MAKETOB U KOMIO3UIMH apXUTEKTyp-
HBIX U TU3aHHEPCKUX 00BEKTOB ocymiecTBisieTcs: 3D-neqaTsro
OBICTPO ¥ KauecTBeHHO. /Iy 3TOro Tpebyercs 8-10 dacos, a
HCIOJB3Yyd TpaauOHUOHHBIE MCETOJbl MAKCTHUPOBAHUA HE
MCHBIIC MECila. HpI/I 3TOM BOINIOHIAKOTCS CaMbIC HCO6I>I'-IH])IC
ApXUTEKTYpHBIE PEIICHHs C MOMOIIbI0 podoTa-3D-npunTepa

(pucyHok 1).

PUCYHOK 1
MAKETHPOBAHHME C IOMOILIBIO POBOTA*

*PHCYHOK B3IT U3 OTKPBITOI0 MCTOYHHUKA UH(OP-
MAaIUH

Figure 1

Layout implementation by 3D printing robot
*The picture is taken from open source

‘94—'1;4}

secret, but in general the mixture consists of monomers,
oligomers and photoinitiators. Oligomers are epoxy resins,
urethanes, polyesters or polyesters, each of which gives
certain properties to the resulting material. Usually, each
of these oligomers is functionalized with acrylate. Exam-
ples of photoinitiators can be benzophenone, xanthones
and quinones, while aliphatic amines are common donor
compounds [19].

SLA technology makes it possible to produce not only
objects with complex geometric shapes, but also to simu-
late transparent materials. However, products made of
photopolymers are degraded by UV rays.

Designing objects using 3D printing

Currently, additive manufacturing is applied in the de-
sign of the architectural environment. 3D printing methods
have its advantages compared to traditional methods. That
is why they are integrated into the design of the architec-
tural environment and determine the trends in the applica-
tion of additive technologies.

Due to its exceptional capabilities, 3D printing is ap-
plied in the design process, the development of buildings
prototypes, in the finished projects or layout design [20].
The creation of color layouts and compositions of archi-
tectural and design objects is carried out by 3D printing
quickly and efficiently. It takes only 8-10 hours for reali-
zation, and using traditional layout methods the process
may last for at least a month. At the same time, the most
unusual architectural solutions are implemented using a
3D printing robot (Figure 1).
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AIIATHUBHBIE TEXHOJOTMH IT03BOJISIIOT CO34aBaTh IW3aii-
Hepy pa3iMuHble MakeThl (PHCYHOK 2): TPagoCTpPOUTENbHBIH,
HarpuMep MakeT MUKpOpaioHa WM [eJIoro ropoja (pPUCYHOK
2a); maHmaQTHBINA, HANPUMEP, MUHHUATIOpPHAs KOIHS JIaH.I-
madTa, MECTHOCTH (PHUCYHOK 20); MHTEPbEPHBIH, HapUMep,
MakeT BHYTPEHHETO yCTPOWCTBa KBapTHPHI, ToMa MM oduca
(pucyHOK 2B). AIMTUBHbBIE TEXHOJIOTHH BOCCO3JAIOT Peal-
CTHYHBIE MOJIETIH JJaHAA(TOB, OTPAXKAIOIINE UX OCOOCHHOCTH
Y TIPENMYIIIECTBA.

a)

PUCYHOK 2

MAKETBI, CO3JAHHBIE C IOMOIIbBIO
AJJIMTUBHBIX TEXHOJIOI AA*

a) apXUTEeKTYPHbIii MPOEKT rOPOJACKO 30HbI;

0) nanpmadTHbIi MakeT B 3D-nevyatn;

B) MaKeT HHTepbepa KBapTuphl B 3D-neuaru
*PUCYHOK B3ST U3 OTKPBITOI'O HCTOYHUKA HH(OpMa-
n

Figure 2

Layouts created using additive manufacturing tech-
nologies*

a) architectural project of an urban area;

b) landscape layout;

¢) layout of the apartment interior

*The pictures are taken from an open source

MakeTbl BU3yaIM3UPYIOT MPOEKT, YTO MOMOTAeT U3BJIEUb
HH(POPMAIIHIO O CBOHCTBAX MPOCKTUPYEMOTO 00BEKTA: CTPYK-
Type 00BEKTa, pa3Mepax, MPOIMOPIHIX U MacmTadax, CTpyK-
Type TOBEPXHOCTH, IIPOCTPAHCTBCHHOM Pa3MEUICHHH, [IBETO-
BOM raMMe.

CranmapTHBIM 3TamoM B mporecce 3D-medatn siBisieTCS
co3manmne TpéxmepHoil monenu. IIporpamMHoe oGecrieueHne
3D-MoaenupoBaHus Jisl MPOSKTUPOBAHUSI TPOTOTUIIOB JeTa-
Jed, 34aHUH, peasbHBIX KOHCTPYKUMH W W3IEINH, MaciTao-
HBIX MOJEJICH MPOoeKTa pazHooOpa3Ho U AocTymHO. [Tocme mo-
cTpoeHus nupoBoro ¢aiina qu3aifHepbl 00BIYHO MPUCTYTIAIOT
K 3D-neyaTu npoToTUIA.

[IpoToTunmpoBanue - mporecc GOpPMUPOBAHUS IIEPBHUY-
HOW BEPCHUU apXUTEKTYPHOTO dJIEMEHTA, N3IeNINs, MaKeTa TN
MOJIENIN 3AaHU. DTO CTAIHs, Ha KOTOPYIO aJTUTHBHBIE TEXHO-
JIOTWU BIIUSIOT CHIIbHEH Bcero. 3D-Momenu u3 kapToHa co3za-
BaJICh J0JTO0, a 2D-Bepcuu ObLTN HE peaucTHIHbI. CeromHs
aJ/IUTUBHBIE TEXHOJOTUU TO3BOJISIOT MOJYYUTh JETaTU3UPO-
BaHHbIE TPEXMEPHBIE MPOTOTHUIIHI 32 KOPOTKOE BPEMS U C He-
0OJNBIIUME YCHITUSAMHU. MHOTOTpaHHOCTh 3D-NpUHTEPOB JaeT
BO3MOXKHOCTH MPOSIBUTH OOJIBIIYIO CBOOOMY TU3aifHa, HAIPU-
Mep, IlevaTaTh NPOTOTHUIIBI C HOBOM CIIOKHOM FreOMETpUYECKON
thopmoii (pucyHoK 3).

[IpoToTunmpoBanue (mepBooOpa3) HATISAHBIX MOIEICH
3gaHuid 3D-medareio BOILIOIIAET MIEH JAM3ailHepa B peallb-
HOCTB, TIOMOTAeT NPOBEPHUTH MX Ha MPAKTHUKE 0 HAYaJIHHOTO
dTara CTPOUTENBCTBA, YMEHBIIAET PICK OMNOOK M ONTHMHU3H-
pyeT mporecc npoekTupoBaHus. Ousznyeckas MOAETb HILTIO-
CTPAaTUBHO MOXET MPEJICTABUTh 3aMbICEN 3aKa34HKy, 4TO HE
JieNiaeT U300paXKeHue Ha MOHUTOPE.

3D-mevyath mpu M3rOTOBJICHWHM MAKETOB M MPOTOTHUIIOB
OCYIIECTBIIIETCS IO BCEM METOJaM aJITUTUBHBIX TEXHOJIOTHIA,
B KOTOPBIX COOJIFOJIAeTCs MOCIONHOE Cco3JaHue (BBIpaIInBa-
HUE) COXPAHSIOMEro GopMy 0OBeKTa.
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Additive technologies allow the designer to create
various layouts (Figure 2): urban planning, for example, a
layout of a district or an entire city (Figure 2a); landscape,
for example, a miniature copy of the landscape (Figure
2b); layout of the apartment interior, house or office (Fig-
ure 2b). Additive manufacturing technologies recreate re-
alistic models of landscapes reflecting their features and
advantages.

Layouts visualize the project, which helps to extract in-
formation about the properties of the future final object:
the structure of the object, dimensions, proportions and
scales, surface structure, location and color scheme.

The standard step in the 3D printing process is the cre-
ation of a three-dimensional model. 3D modeling software
for creating detailed prototypes of buildings, real struc-
tures and products, scale models of the project is diverse
and available. After creating a digital file, the designers
usually start prototype 3D printing process.

Prototyping is the process of forming the primary ver-
sion of an architectural element, product, layout or model
of a building. This is the stage that additive manufacturing
technologies affect the most. Earlier the process of card-
board 3D model creation was very time-consuming and
2D versions were not realistic. Today, additive technolo-
gies make it possible to obtain detailed three-dimensional
prototypes in a short time with little effort. The versatility
of 3D printing makes it possible to display greater design
freedom, for example, to print prototypes with a new com-
plex geometric shape (Figure 3).

Prototyping (prototype) of visual models of buildings
with 3D printing conveys the designer's ideas into reality,
helps to test them in practice before the initial stage of con-
struction, reduces the risk of errors and optimizes the de-
sign process. The physical model can illustratively present
the idea to the customer, which does not make the image
on the monitor.

3D printing in the manufacture of layouts and proto-
types is carried out using all methods of additive technol-
ogies where layered creation (“growing”) of the object.
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PUCYHOK 3

APXUTEKTYPHASI MOJAEJIb 3IAHUS*
*PUCYHOK B3ST M3 OTKPBITOr0 HCTOYHMKA HHPOPMa-
MU

Figure 3

Architectural model of the building
*The pictures are taken from an open source

BBICTPBIMH M OTHOCHTEIBHO AEUIEBBIMM sIBIsIOTCS SLS
TEXHOJIOTUS U cTpyiHast 3D-neuaTh MOpOLIKaMH Pa3HOTO CO-
craBa. EcTh HEUTO 0COOCHHOE B TEXHOJIOTUH CTPYiHOM 3D-1e-
YyaTH, UCHONB3YIONIeH KOMIIO3UTHBII TUIICOBBIA MOPOLIOK U
KJIesIIee CBA3YIOIee: B KJIEH MOKHO BHECTH KpacsIIie Belle-
CTBa W TOJYYUTh MOAETHh W OOBEMHOH, W IOJHOLBETHOH, TO
€CTh B Pe3yJIbTaTe MBI MIMEEM IIBETHYIO CTPYHHYIO TedaTh —
CJP [21, 22]. DTa BO3MOKHOCTB OECIICHHA MTPH TNTAHUPOBAHUHT
maHamadTHOrO An3aifHa, Taxke (GOopMUpOBaHUS OOBEMHBIX
KapT MECTHOCTH M MaKeTa 3/IaHHiH.

AKTyaJbHBIM SIBIISIETCSI BOIIPOC NMPHUMEHEHHs HareyaTaH-
HBIX MaKETOB 3/IaHUH U1 0TpabOTKH 00ECIIeUYeHHUs PEeKUMOB
OKpY’KalolIel cpeibl, IMUTHPYIOLINX eCTeCTBEeHHbIE [23], uc-
KYCCTBEHHBIC U COBMEIICHHbIE MCTOYHHUKH OCBEHIeHUS [24].
HecmoTps Ha moTeHIIMATBHYIO aKTYalbHOCTb UCCIIEIOBaHUN B
JaHHOU cdepe [25] B HacTosIee BpeMs B CHITy HEPa3BUTOCTH
PBIHKA CUCTEM YETI0BEKO-OPUEHTHPOBAHHOTO OCBELEHHUS, TPO-
BE/ICHHE HATYPHBIX SKCHEPHMEHTOB Ha CYIIECTBYIOUIUX O0b-
€KTaX KaImUTaJbHOTO CTPOHUTEIHCTBA CTAHOBHUTCS 3aTPYIHH-
TEJNBHBIM, TAKUM 00pa3oM, IPIMEHEHIE MACIITAOHBIX MAKETOB
MOJKET CTaTh BaKHBIM IIaroM, HAIPaBJICHHBIM Ha MPOJBHIKE-
HHUE yKa3aHHOH KOHIIETIINU CHCTEM ocBemenns [21].

AITMTHBHBIE TEXHOJOTHH B JHM3aifiHE AapXUTEKTYPHOI
CpeIBl UCTIONB3YIOTCS U IIPU CO3/IaHUH PEATbHBIX SKCKITIO3HB-
HBIX JIEKOPATUBHBIX OOBEKTOB M JeTaleil I MHTEPhEPOB U
aKcTepbepoB. [Iporecc coznanus BKIOYaeT: pa3paboTKy Tpex-
MEpHON MOJIENH MO PUCYHKY WK 3CKu3y; 3D- neuath uzgenus
1 QuHUIIHYI0 00paboTKy. Marepuaisl, U3 KOTOPBIX BBITIOJIHS-
eTcsl n3JIene, UMEIOT MEePBOCTEIIEHHOE 3HaYCHUE JUIsl BEIOOpa
3D — rexnonoruu. Kpome Toro, iMEHHO CBOMCTBa MaTepuaioB
— ¢u3nvecKue, XUMAIeCKHe, PU3UKO-XUMHUICCKUE, MEXaHIYe-
CKHE, PEOIOTUICCKUE U T.J. ONMPEICIIIOT BUI U (PYHKIUH Jc-
KOPaTHUBHBIX JJIEMCHTOB. AKTYaIbHBIMA MaTepHANIaMHU Y IIH-
3aiHEPOB-HOBATOPOB, CO3MAIOIINX CBOH M3AEIHS C MTOMOIIBIO
3D-neuaT, SBIAETCS OSTOH U IIEMEHTHBIE CyXHE CMECH, KOTO-
pBIE TIOCTOSTHHO MouUIUpyroTcs [26-28].

KosionaHo-xuMuueckue acnekthbl 3D-nmeuaTn
IEMEHTHLIX cMeceli 1 0eToHa

CymectByeT psan npobiem 3D-nedyat 1eMEHTHBIMU CMe-
CSIMU U OETOHAMHM, CBSI3aHHBIX C MX (DU3UKO-XUMHYECKUMH
CBOMCTBaMHU, a UIMEHHO C PEOJIOIMYeCKUMHU CBOMCTBaMH U aji-
re3ue.

Peonornueckumy cBOMCTBaMU MaTepHaoB Ul aJAUTHB-
HBIX TEXHOJIOTHI MOXHO YIIPABIISATH BBEICHHEM CYIIEpIIaCTH-
(hukaTopoB, MOBEpXHOCTHO-aKTUBHBIX BemecTB ([IAB). Onu
MO3BOJISIOT KOHTPOJIMPOBATh TEXHOJOTHUECKHE CBOIICTBA CO-
ctaBa OetoHHOU cMmecu mis 3D-npuntepa. Ilox neiictBuem
I[TAB mpoucxomuT mepexon  OETOHHOH cMecH B

LT
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SLS technology and 3D Binder Jetting with powders
of different compositions are fast and relatively cheap.
There is something special about 3D Binder Jetting tech-
nology using composite gypsum powder and an adhesive
binder: coloring agents can be added to the binder and a
model can be obtained colored - as a result we have Color
Jet Printing — CJP [21, 22]. This is valuable when plan-
ning landscape design, as well as the creation of three-
dimensional maps of the area and the layout of buildings.

An urgent issue is the use of printed building layouts
to test the environmental modes that simulate natural
[23], artificial and combined lighting sources [24]. De-
spite the potential relevance of research in this area [25]
currently, due to the poor development of the human cen-
tric lighting systems market, conducting field experi-
ments on existing capital construction facilities becomes
difficult. Therefore, the use of scale layouts can be an im-
portant step aimed at promoting this concept of lighting
systems [21].

Additive technologies in the design of the architectural
environment are also used in the creation of real unique
decorative objects and details for interiors and exteriors.
The creation process includes the development of a three-
dimensional model based on a drawing or sketch; 3D
printing of the layout and finishing. The nature of layout
materials is significant for the choice of 3D technology.
In addition, the properties of materials — physical, chemi-
cal, mechanical, rheological, etc. determine the type and
functions of decorative elements. The most relevant ma-
terials for innovative designers who create their products
using 3D printing are concrete and cement dry mixes,
which are constantly being modified [26-28].

Surface chemistry aspects of 3D printing technol-
ogy for cement mixtures and concrete

There are a number of problems with 3D printing tech-
nology applied for cement mixtures and concretes related
to their physical and chemical properties, such as rheol-
ogy and adhesion.

The rheological properties of materials for additive
technologies can be controlled by the introduction of su-
perplasticizers and surface active substances (surfac-
tants). They allow to control the technological properties
of the concrete mixture composition for 3D printing.
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CBOOO/IHOJMCIIEPCHOE COCTOSIHUE, HEO0XOIUMOe Ui Mpo-
Ka4yKH pabouei Macchl U3 MHUTAOIIETO pe3epByapa K revaTyro-
IeMy COIUTy NpUHTEpa W JajbHeiimel skcrpy3un. JJodasie-
Hue [TAB mno3Bosnsier coyeraTth OJHOBPEMEHHO C HMOABHKHO-
CTBI0 OCTOHHOW Macchl M cOXpaHeHue ee (YOPMBI IIPH MOCIIE/I0-
BaTEJIHHOM HAaHECCHUH CIIOEB. Y BEIMUYEHHE KOJIMUECTBA BOJIBI
MPUBOJUT K POCTY ITOABM)KHOCTH OETOHHOM CMECH, JHcIepc-
HOH CHCTEMBI <GKHJIKOE B TBEPJIOMY C KOATYJISIIIHOHHON CTPYK-
Typoii. OTHAKO TIPU 3TOM TEPSETCS CBOUCTBO 3TUX CTPYKTYP —
THUKCOTpPOIUs (BOCCTAHOBIICHHE CTPYKTYPBI IIOCIE CHATHS
Harpy3KH), o0ecreunBaronas pocT npoyHocTu. Hamuane cy-
NepIiacTU(hUKATOpPa B COCTABE, MO3BOJISET YBEIUMYUBATH I10-
JABHUXHOCTH 0e3 U3MEHEHUs )KECTKOCTH U CHIDKEHUS IIPOYHOCT-
HBIX XapakTepucTHK OetoHa [29-31].

Crnennguka 3D-meyaTt 1EMEHTHBIMH CMECSIMH U OeTo-
HaMHU COCTOUT B TOM, YTO OTCYTCTBYIOT apMaTypPHBIE BBIITYCKU
W HE NPOBOIMTCS BUOPOYIUIOTHEHHE YJIOKEHHBIX CJIOEeB Oe-
ToHA. BBUIY 3TOTO MO/IIEpIKKA anre3nu (cuersieHus) Gopmy-
€MBIX METOJIOM 3KCTPY3HHU CIIOEB OETOHHOW CMeCH MpPEeACTaB-
nsietT coboi 3HauMMyro npobieMy. KadecTBeHHOe clienieHue
WCKJIIOYAeT OTCIOCHHUE WIIN CMEIIEHNE KOHCTPYKIIMH BO BPEMS
nporecca 3D - medyatn, yBeIHUUBAET € HaAEKHOCTh U IPOU-
HOCTb. Jlnist ynmydmenust anre3uu npu 3D-neyaT HeMEHTHBIMU
1 OETOHHBIMH CMECSIMH MOKHO MPUMEHATH CICAYIOIHUE ME-
TOJBI:

. Hcnonb3oBaHue MOJMMEPHBIX NOOABOK — aJre3uOH-
HBIX PEeANUCHEPTHPYEMBIX MOJMMEpHBIX mopoiokos (PIIII).
MoauduIupoBaHie ChIPHEBBIX CMECEH MO3BOJIET MOBBICUTH
BEJIMUMHY aJre3MH HalleyaTaHHBIX CJIOEB 3a CUET 00pa3oBaHMs
MOJUMEPHOH MIEHKH HA TPAHUIE KOHTAKTa clo€B [32 -35].

B kauectBe anresnonHsix PITII Mo)xHO pexkoMeHIOBaTh K
WCTIONIB30BAHUIO PEIUCIEPTUPYEMbIi TOJTMMEPHBIN TTOPOIIOK
Repol F-14B (10%) Ha 0CHOBE ITOJIMBHHMIIAIIETATA C YCTHHON
MOBEPXHOCTBIO Sy, = 834 MZ/KT, a TaKKe MOIMMEPHBIE TO-
POIIKH MMOJIMBUHIJIAIIETATa U (WIH) €ro comoiuMepoB 1o TY
20.52.10 - 021 - 51375167 - 2017 ITopoIIku moIAMepHBIE pe-
nucneprupyemsbie "Repol" [36-37].

. Hcnonb3oBaHe U3BECTKOBOTO HAIIOJIHUTEIS U METa-
KaoJIMHA. ITH KOMIIOHEHTHI MOT'YT IOBBICUTH BCIMYUHY aJirc-
31U CJIOEB B IIEMEHTHBIX cMecsax A 3D-newyaru. M3BecTHIKO-
Basi MyKa Kak ITOJIU(PaKIIMOHHBI HAIOJHHUTENIb IO3BOJISET
3¢ HEKTUBHO PEryIMpoBaTh CTPYKTYPHO-MEXaHUIECKHE CBOM-
CTBa IIEMEHTHBIX cucTeM. E€ amopdHas crpykTypa obecrneun-
BaeT 6oJiee BEICOKYIO IIACTHYHOCTD, arpeTaTUBHYIO YCTOHYH-
BOCTb M CTPYKTYPHYIO IIPOYHOCTH CBEKEIPUTOTOBICHHON
CMECH TIpU JICHCTBUM HAarpy3KH. MeTakaoJIWH TaKXkKe peryiu-
pYeT CTPYKTYpHO-MEXaHHYECKHE CBOMCTBA IIEMEHTHOW CH-
CTEMBI 32 CYET CXOAHOI0 KPUCTAINIOXUMUYECKOTO CTpOeHUsI. B
CHITY Pa3BUTOH M aKTHBHOM IMOBEPXHOCTU METAKAOJIMH MPOSIB-
JSIeT CIIOCOOHOCTh K (POPMHPOBAHHIO MHOIUMONEKYIISIPHBIX
CJ10€B aIcOpOMPOBAHHOM BOJIBI HA TIOBEPXHOCTH, YTO CIIOCO0-
CTBYET IOBBIIICHUIO arperaTMBHON yCTOMYMBOCTH U CTPYK-
TypHOU IPOYHOCTH LIEMEHTHOH cucteMsl [32,38,39].

. HUcnonp3oBanue pudposonokHa. OHO apmupyer Oe-
TOH M3HYTPH, HE TIO3BOJISIET TMOSIBISTHCS TPELIMHAM M 3HAYH-
TEJIFHO yBEJIMYMBAET MpouHOCTh. st 3D-nevaTn yamie Bcero
UCTIONB3YIOT Oa3aynbToBYI0 GuOpy. s yBennueHus npoyHo-
CTH 1 KECTKOCTH OETOHA MOXKHO ITPUMEHSTH ITOJIHOJIC(HHHOBBIE
BOJIOKHA. VX MOXXHO cMeIMBaTh ¢ OETOHOM B OOJIBLINX KOJIHU-
4yecTBax, BIIOTH 10 20% (110 00sEMy), HE BBI3BIBast 00pa3oBa-
HUSI KOMKOB, cerperanuy 0eToHa. beToHHast cMech ¢ TaKUMH
BOJIOKHAMH, UMEET HM3KYIO IUIOTHOCTb, a TaKK€ XMMHUYECKU
uHepTHa [32,37-38, 40-41].
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Surfactants turn the concrete mixture into a free-dispersed
state, which is necessary for pumping the working mass
from the feed tank to the printing nozzle of the printing
device and further extrusion. The addition of surfactants
provides the concrete mixture with workability and
makes it keep the shape during the process of layers ap-
plication. An increase in the water amount leads to an in-
crease in the mobility of the concrete mixture, a dispersed
liquid-in-solid system with a coagulation structure. How-
ever, thixotropy (restoration of the structure after remov-
ing the load) is lost which ensures the strength increase.
The presence of a superplasticizer in the composition
makes it possible to increase mobility without reducing
the strength characteristics of concrete [29-31].

The main features of 3D printing with cement and con-
crete mixtures and concretes is that there are no reinforc-
ing outlets and vibration compaction of the concrete lay-
ers is not carried out. Therefore, adhesion of concrete lay-
ers formed by extrusion is a significant problem. High-
quality adhesion eliminates displacement of the structure
during the 3D printing process, increases its reliability
and strength.

To improve adhesion in 3D printing with cement and
concrete mixtures, the following methods can be used:

* The use of polymer additives — adhesive redispersible
polymer powders (RPP). Modification of raw materials
mixtures makes it possible to increase the adhesion of
printed layers due to the formation of a polymer film at
the interface of the layers [32-35].

As adhesive RPP, it is recommended the use redis-
persible polymer powder Repol F-14B (10%) based on
polyvinyl acetate with a specific surface area Sq = 834
m*kg, as well as polymer powders of polyvinyl acetate
and (or) its copolymers according to Russian Technical
Specifications 20.52.10 - 021 - 51375167 - 2017 Redis-
persible polymer powders, "Repol" [36-37].

* The use of lime filler and methacaolin. These compo-
nents can increase the adhesion of cement layers . Lime-
stone powder as a polyfractional filler makes it possible
to regulate the structural and mechanical properties of ce-
ment systems. Its amorphous structure provides higher
plasticity, stability to aggregation and structural strength
of fresh mixture under load. Metakaolin also regulates the
structural and mechanical properties of the cement system
due to a similar crystal structure. Due to the high active
surface, metakaolin exhibits the ability to form poly-
molecular layers of adsorbed water on the surface, which
contributes to an increase in the aggregate stability and
structural strength of the cement system [32,38,39].

* The use of fiber. It reinforces concrete structure, pre-
vents cracks and significantly increases strength. Basalt
fiber is most often used for 3D printing. Polyolefin fibers
can be used to increase the strength and rigidity of con-
crete. They can be mixed with concrete in large quanti-
ties, up to 20% (by volume), without causing the for-
mation of lumps or concrete segregation. The fiber mod-
ified concrete mixture has a low density and chemically
inert [32,37-38, 40-41].
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TeHaeHIIH IPUMEHEHUS AUINTHBHBIX TEXHOJIOTHI B
cthepe mu3aiiHa APXUTEKTYPHOI cpeb

OcTtaHoBUMCS Ha HEKOTOPBIX IpUMEpax IpUMEHEHUS a1 /T1-
TUBHBIX TEXHOJOTUH B AU3aliHE apXUTEKTYpPHOH Cpelbl. DKe-
TPY3UBHBIM METOJIOM U3 OCTOHA U3TOTABINBAIOT MaIbIe apXU-
TEKTYpHBIE (POPMBL, (hacaaHbIli AEKOp ¢ HEMMOBTOPUMBIMH TEK-
CTYypaMH H JICTAIISIMHU, TIPHTATUBAIOIIUMH BHUMaHHUE K 37aHUIO.
3D-1mevarsio pealu3yoT KOHCTPYKIUH U3 OETOHA CO CIOXKHOM
TEOMETPHUEH, BELITIOMHSIIONIHE ONPEACICHAYIO (PYHKIIHOHAIL-
HYyIO pOJb HpH (HOPMHUPOBAHUH TOPOJCKOH Cpeabl: CKaMeHKH,
YIUYHBIE CBETHIILHUKH, yIUYHAS MeOelb, JTaBOYKH, Ba3OHBI,
HEMEX0AHBIE MOCTHL B T.JI. (pucyHok 4). Ocymectsisior 3D
IeyaTh ¥ CBETOIPOITYCKAIOIIAM WIH IIOIyIIPO3padHsM OeTo-
oM. 3D medars HO3BOIAET CO3/JaBaTh CIOKHBIE (JOpMBI U3/1e-
JHH ¥ 00eCIIeunBaTh CBETOIPOITYCKaHHE TaM, IJIE 9TO HeoOXo-
JAMO B paMKax JH3aliH IPOEKTa.

PUCYHOK 4

LPUMEPBI HEYATH U3/IEJINI HA 3D-
NPUHTEPE*

a) 3D- neuats GeTonoMm Ha 3D mpunrtepe S-6044
LONG;

0) Kommrekr ymuanoif meGen u3 6eToHa, Hame-
yaTtanHoii Ha npuHTepe S-6044 LONG;

B) MocT, Haneuatanusiii Ha 3D npunrtepe, Hema-
HUS

r) CBeTWIBHHUK, HATIeYAaTAHHBI Ha 3D npuHTepe
H3 MOJIyNPO3PAvIHOro deToHa

*PHCYHOK B3SIT U3 OTKPBITOrO HCTOYHHKA HHPOpMa-
812131

Figure 4

3D printing objects*

a) 3D printing process with concrete on the S-
6044 LONG 3D printer;

b) Concrete outdoor furniture printed on the
S6044 LONG printer;

¢) 3D printed bridge, Spain

d) 3D printed lamp made of translucent concrete
*The pictures are taken from an open source

Jakjrouenne

ANIUTUBHBIE TEXHOJIOTHU CTPEMHTEILHO OXBATBIBAIOT
chepy nuzaiina apXuTeKTypHOH cpenbl. Metoasl 3D -nmeuatu
IIPEJIOCTABIIAIOT ITUPOKHE BO3MOYKHOCTH I IIPETBOPEHUS B
JKU3HD CaMBIX (paHTAaCTHUECKHX 0OBEKTOB An3aiina 6marogaps
Pa3sHOOOpa3sui0 MaTepHaloB, B TOM YHCIE U CTPOHTEIHHBIX.
AIUTUBHBIE TEXHOJIOTHH OIPEICIHIA OCHOBHBIE TEHICHIIUU
Pa3BUTHS JH3afiHa apXUTEKTYPHOM Cpe/bl: MaKeTHPOBaHHE,
IIPOTOTHUIIUPOBAHUE U CO3/IaHUE PEAIIbHBIX YHHKAIBHBIX JEKO-
PaTHUBHBIX OOBEKTOB H ACTANCH I HATEPHEPOB M YKCTEPhE-
PoB.

OHUMH W3 TIIaBHBIX TPESHMYIIECTB &/IINTHBHBIX TEXHOIO-
TUH B IU3aliHE apXUTEKTYPHOU Cpebl SBISIOTCS:

*  BBICOKOE KadeCcTBO HalleuaTaHHBIX 00BLekToB. O0b-
exThl 3D-Tieyatn abcoIIOTHO WACHTHYHLI OpHUTHHAIaM, He
HYX/IAaI0TCS B CIydae HeoOX0AMMOCTH B IoKpacke. L[Ber u3je-
IHs B MEJBYANIINX OTTEHKAaX BOCIIPOH3BOAUTCS Ha 00opyao-
BaHWH B TCUCHHE TICTATH;

Trends in the application of additive technologies in
the field of architectural environment design

Small architectural forms, facade decor with unique
textures and details that attract attention to the building
are made of concrete using the extrusion method. 3D
printing implements concrete structures with complex ge-
ometry that perform a certain functional role in the urban
environment: benches, street lamps, outdoor furniture,
benches, flowerpots, pedestrian bridges, etc. (Figure 4).
3D printing is also carried out with light-transmitting or
translucent concrete. 3D printing allows to create com-
plex shapes and provide light transmission within the
framework of a design project.

Conclusion

Additive technologies are rapidly embracing the field of
architectural environment design. 3D printing methods pro-
vide opportunities to bring the most fantastic design objects
into real life due to a variety of materials, including construc-
tion materials. Additive manufacturing technologies deter-
mine the main trends in the development of architectural en-
vironment design: layout, prototyping and creation of real
unique decorative objects and details for interiors and exte-
riors.

One of the main advantages of additive technologies in
the design of the architectural environment are:

* High quality printed objects. 3D printing objects are ab-
solutely identical to the originals and do not need painting if
necessary. The color of the product in the smallest shades is
reproduced on the equipment during printing;

* The possibility of using both traditional building mate-
rials and new composite materials that ensure the creation of
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. BO3MOXXHOCTh HCIIOJIb30BAHUS KaK TPaJAULMOHHBIX
CTPOUTENBHBIX MAaTEPUAJIOB, TAK U HOBBIX KOMITO3UTHBIX MaTe-
pHuanioB, 00CCICUMBAIOIIUX CO3MAHUE CIOKHOW TeoMeTpHuYe-
CKOM (DOpMBI U3JETHS, & TAKIKE CBETONPEIOMIICHUS.

JIis co3aaHns MAaKETOB, TPOTOTHIIOB ¥ PEATEHBIX 00BEKTOB
JU3aifHepBI HCIOIB3YIOT YaIlle BCETO THIIC, IIOJIMMEPHI K OSTOH.
MMeHHO cBoiicTBa MaTepuana ONpenessitoT TexHonoruw 3D-
MeJaTH, CBOMCTBA U ()YHKIIMU HAIIEYaTaHHOTO OOBEKTA.

YcTaHOBIIEHO, YTO TIPH HCIIOIB30BAHWN IIEMEHTHBIX CMe-
ceil u 0eToHa B aATUTHBHBIX TEXHOJIOTUIX HEOOXOIUMO YUH-
TBIBaTh X PEOJIOTHYECKHE U (GU3UKO-XMMHUECKHAE CBOMCTBA.
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complex geometric shapes as well as transitions of light and
shades.

To create layouts, prototypes and real objects, designers
most often use gypsum, polymers and concrete. The proper-
ties of the material determine the 3D printing technology,
properties and functions of the printed final object.

It is established that application of cement and concrete
mixtures in additive technologies requires to take into ac-
count their rheological, physical and chemical properties.
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