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Y crarri ONMCAHO 3aNpPONOHOBAHY TEXHOJIOTiI0 BUIOTOBJIEHHSI APMOBAHHUX
apok ™metogoM 3D Jpyky i3 BHKOPHUCTAHHSIM OYAiBeJbLHOr0 TPHUHTEPY
ykpaincskoi kommanii TOB “3D TECHNOLOGY UTU”. BukonHaHo
KOHCTPYIOBAHHSI TA BUIOTOBJICHHSI APMOBAHUX KOHCTPYKIiH apOK MeTOI0M
3D npyky, onucaHo MaTepiajii Ta reOMeTPil0 OTPUMAHUX JTOCTITHUX 3Pa3KiB.

The purpose of the study is to design and manufacture a reinforced concrete
arch structure in a production environment using the 3D printing method.
The objective of the study is to design the structure of a reinforced concrete
arch with a tightening and develop a technology for its manufacture, taking
into account reinforcement in production conditions using a construction 3D
printer and predict the possibility of further measurements of the deformation
of concrete and reinforcement during experimental studies.

The article describes the technology for manufacturing reinforced arches
using 3D printing using a construction printer from the Ukrainian company
3D TECHNOLOGY UTU LLC. The materials and geometry of the obtained
prototypes are described. The span of the designed arched structure was 1500
mm, and the lifting boom was 750 mm. The cross-sectional size of the arch is
120x55*%(h) mm. According to the manufacturing technology, the cross-section
of the arch consists of six layers measuring 55x20 mm each. The arch is
reinforced with 2 frames. The longitudinal lower and upper rods of the frame
were made from VR-1 class reinforcement, with a diameter of 5 mm.
Transverse reinforcement made of VR-1 class reinforcement with a diameter
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of 5 mm is welded by resistance welding to the longitudinal reinforcement
with a pitch of 50 mm.

The dimensions of each of the two arch supports are 190x100(h) mm. In the
middle of the arch supports, in the middle, during the printing process,
embedded parts are made from pipes with a diameter of 10 mm for the
further possibility of tightening in the arch.

The developed technology for manufacturing reinforced arches using 3D
printing using a construction printer makes it possible to obtain high-quality
structures that can be used both in real construction and for scientific
experimental research. Reinforced arched structures were designed taking
into account the characteristics of work under load and manufacturing
technology.

Using a construction printer and 3D printing technology, reinforced arch
structures were obtained that correspond to pre-developed design solutions
and were manufactured according to a separately developed technological
sequence.

Kumrouosi cioBa: 3D npyk, apka, TEXHOJIOT1Sl BATOTOBJIEHHS, KOHCTPYHOBAHHS
3D printing, arch, manufacturing technology, design

Beryn. ¥V OyniBenbHIN rajly3i 4acTO BUHHMKAIOTh MPOOJIEMHU 3 HEJIOCTATHHOIO
KUIBKICTIO KBaTi(hiKOBAaHUX ITPaIliBHUKIB, 3pOCTAHHSIM BUTpPAT 1 HaBITh II100aTbHUM
nedImUTOM JKHTIIa B OKPEMHUX PETiOHAaX dYepe3 MPUPOJAHI KartacTpodu, 3MIHU
KmMarty Ta KOHGIIKTA. ToMy HOBI MOXJIHMBOCTI HHMGPOBOrO aJalTHBHOIO
BUPOOHUIITBA MOXKYTh TTOKPAITUTH OYIIBHUIITBO SIKICHO 1 KIJTBKICHO.

Texnomoris 3D-mpyky BuHuKIa me y 80-X pokax MHHYJOTO CTOJITTS, ajie
OyniBenpHUN 3D-apyk 3'iBHBCSA 3HAYHO Mmi3Hime. [lepmr OymiBenbHI MPOEKTH 3
BUKOPHUCTAHHSAM i€l TeXHOJOTii Oynu peamizoBani jume y 2014 pomi. Ilpote
ChOTOJIHI, TATY3b Y€ IIBUIKO PO3BUBAETHCS 1 MAE YK€ BEJIMKI MEPCIICKTUBHU.

OnHiero 3 mepelloBUX TAaKUX TEXHOJOri € 3D-ApykK 13 BUKOPUCTAHHSIM
OyniBenbHUX 3D mOpuHTEpIB, SKUH JO3BOJSE IIBUJIKO BUTOTOBIATH HE JIMILE
OKpeMi OyaiBeIbHI KOHCTPYKIIIT, ajie 1 1111 Oy IiBIi.

3’siBUNACS MOKJIMBICTH PEai30BYBATH Ta JAPYKYBATH CKJIAJHI apXiTEKTYpHI
dbopmu OyiBeIb Ta CIOpy 1 Oe3nocepeHbO Ha Oy 1IBEIbHOMY MalIaHUHKY .

3D-nmpyk 103BOJIsI€E 3HAYHO CKOPOTHTH 4Yac OyAiBHUIITBA, a aBTOMATHU30BaHI
MIPOIIECH MIHIMI3YIOTh PU3UK MIOMIJIOK ITi/T YaC MMPOEKTYBAHHS.

Opnnak B YKpaiHi 1€ HE MPOBEICHO JOCTIKEHb 00 HECY4YOoi 34aTHOCTI Ta
ne(opMaTUBHOCTI TaKUX KOHCTPYKIIM, BIJICYTHI HOPMU Ta PEKOMEHJIAIll IJIs iX
MIPOEKTYBAHHS Ta PO3PaXyHKY.

AHagi3 octaHHix pociimxenn. [IIBunkuii mporpec y Texnosorisx 3D-npyky
CTaBUTh IMe€peJ] BUYCHUMHU 3aBJAaHHS TPOBEJCHHS HAYKOBUX JOCIIJKEHb
OylIBEJIbHUX KOHCTPYKIIIH, III0 BUTOTOBJISIIOTHCS 32 JIOMIOMOTOIO I11€1 TEXHOJIOT 1.

B Vkpaini, Taki mociimkeHHS 3I1HCHIOIOTHCS HAyKOBIIMH HaiioHambHOTO
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yHiBepcutery "JIbBiBChka mosiTexHika". Hampuknan, npoBelieHi AOCHIIKEHHS
KYIIOJIIB, BUTOTOBJIEHUX MeTojoM 3D npyky, MIOA0 IXHHOI BUTPHUBAJIOCTI ITiJ
HaBaHTaXEHHSAM. bynu 3maificHeHl BumpoOyBaHHS KymoJa-o0oyioHku [1] Ta
pedpucToro Kynosa [2] 3 OTpUMaHHSAM Pe3yJIbTaTIB 1 XapakTepy pyHHYBaHHS.

Texnonoris 3D-apyky HMOBIpHO OyJe BHUKOPHUCTOBYBATHCSI B KOCMOCI s
KOJIOH13aIli1 IHIIKX TJIaHeT a00 CYMyTHHKIB, IO JOCTKeHO B myomikarii [3]. s
IIUPOKOTO 3aCTOCYBAHHS TaKMX KOHCTPYKIIM y OyAIBHUIITBI MOTPIOHO MOCTIIHO
YIOCKOHATIOBATH TEXHOJIOT1i BUTOTOBJICHHS [4].

BaxnuBuM €  pO3BUTOK  IIi€l  TEXHOJIOTIi  Jyuisi  3aCTOCYBaHHS Y
BEJIMKOMAcCIITAOHOMY Oy 1IBHUIITBI.

MacoBe BUpOOHMIITBO MPUHTEPIB CTAE€ HEMOXKIIMBUM 0€3 HAJIC)KHUX MaTepiaiiB
st Apyky. Tomy, pa3om i3 mporiecoM OymiBHHUIITBA, aKTUBHO PO3POOJISFOTHCS
Marepiajid, 10 MOXYTh OYTH BUKOPUCTAHI [Jii BUTOTOBJIEHHS CKJIaJHUX
apxiTekTypHuX hopm metogom 3D-apyky [5].

B Vkpaini po3sutkoM TexHOJOTII 3D npyKy 13 BUKOPHUCTAHHIM OyIiBEITbHUX
3D mpuntepiB 3aitmaethest komnanis TOB “3D TECHNOLOGY UTU” [6].

Mera pgocaigxeHHs. BukoHaTH  KOHCTpPYIOBaHHA Ta  BUTOTOBJICHHS
KOHCTPYKIIT 3aTi300€TOHHOI apKh y BHPOOHHMYHMX YMOBaX 13 BHKOPHCTAHHSIM

Metoay 3D apyky.
3agavero J0CJiIUKeHHsl € TTPOCKTYBaHHS KOHCTPYKIIII 3a/11300€TOHHOI apKu 13

BHPOOHMYMX yMOBax 13 BHUKOPHUCTaHHAM OymiBenmbHOro 3D mpuHTEpy Ta
nepen0adeHHs] MOKIIMBOCTI MOJANBIINX 3aMipiB Aedopmallii OeToHy Ta apMaTypu
IT1JT Yac MPOBEACHHS €KCIIEPUMEHTAIBHUX JOCIIIKCHb.

MeToauka gocaigxkeHns. JJiss BUKOHAHHS 3aBJaHHS BUKOHAHO MPOEKTYBaHHS
Ta TIOJaJbIlle BHUTOTOBJICHHA apMOBaHUX apok wmetomom 3D mpyky.
KoHcTpyroBaHHsI, TpPOEKTYBaHHS Ta IOCTIJOBHICTH (OpMYBaHHS  3pa3KiB
KOHCTPYKI[Il BUKOHAHO 13 BpaXyBaHHSM TEXHIYHUX OCOOJIMBOCTEH 3aCTOCOBAHOTO
Oy/lIBEJIbHOTO TIPUHTEPA.

BurotoBneHHs AOCHIIHUX KOHCTPYKIIA apMOBaHUX apoOK BUKOHYBAJIOCS
TexHoJorielo OyaiBenbHoro 3D npyky y BUPOOHMYMX YMOBaxX, YKpPaiHCHKOIO
kommaniero TOB “3D TECHNOLOGY UTU”.

TexHoor14Ha MOCIIIOBHICTh POOIT OyJia HACTYIHOIO:

- MPOEKTYBaHHS apKu, Ha OCHOBI MOMIEPEIHIX PO3pPaXyHKIB (puc. 6);

- BUKOHAHHSI MOJIEJIl apKH Y CIIeIiajli30BaHOMY MPOTrPaMHOMY KOMILICKCI;

- BHUT'OTOBJICHHS apMaTypHUX KapkaciB (puc. 2);

- MOJIeTIOBaHHs cxeMu pyxy coruia 3D npunTtepa (puc. 1);

- JIPYK Mepuioro OETOHHOTO 1apy;

- mepepBa 3-5 XB JIsl TBEPIIHHS OCTOHY;

- BKJIQJAHHS apMaTypHOro KapKacy y IPOEKTHE IMOJOKEHHS 0 MepIIoMy

HUKHBOMY O€TOHHOMY I11apy (puc. 3);
- mepepsa 3-5 XB ISl TBEPAIHHS OETOHY;
- JIPYK IPYroro Ta TPEThOTo IapiB OETOHY 13 mepepBamMu 3-5 XB AJisl TBEPAIHHS
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OETOHY, MICIs BIAITYBAHHS KOKHOTO 13 1IapiB;

BJIAILITYBAHHS 3aKJIQJIHUX JeTajneH 13 TpyO y KOXHi# 3 IBoX omop (puc. 3);
nepepsa 3-5 XB AJi TBEPAIHHS OCTOHY;

IpyK uyeTBepToro (puc. 4) Ta m’sTOro0 1mapiB OETOHY 13 nepepBamu 3-5 XB IS
TBEPAIHHS OETOHY, MICIS BIAIITYBaHHS KOXKHOTO 13 IIapiB;

BKJIQJIJaHHS apMaTypHOTO KapKacy y TMPOEKTHE TOJOXKEHHS MO I ITOMY
OeTOHHOMY IIIapy;

nepepsa 3-5 XB A1 TBEpAIHHS OCTOHY;

JPYK IIOCTOTO OETOHHOTO 1Iapy (puc. 5);

OUIKyBaHHSI HE MeHIIe 28 AHIB JjIsl TBEPAIHHS OETOHY;

MIePEBE3CHHS TOTOBUX apoK y 1abopatopiro (puc. 6).

['eomeTpiss apouHOi KOHCTPYKIIiT y TUIaHi i3 cxemoro pyxy coruia 3D npunTtepa

MoKa3aHa Ha puc. 1.
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Poapia 1-1.
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Puc. 1. Cxema pyxy coruia 3D npunTepa npu GopmMyBaHHI apo4HOT KOHCTPYKIIIT

Ha pucynky 2 nokaszaHo apmaTypHuii kKapkac. [T0B310BXHI HUXKHINA Ta BEpXHIN
CTPW)KHI KapKacy BHUTOTOBJISUTMCS 13 apMarypu kiacy Bp-1, miametrpom 5 mwm.
Paniyc BurmHy BepXHBOTO CTpKHS 768 MM, a HkHBOrO 733 MM. Ilomepeuna
apMaTypa Kapkacy 13 apmarypu kimacy Bp-1, miamerpom 5 MM, npuBapeHa
KOHTAKTHUM 3BapIOBaHHSIM JI0 TOB3JIOBXKHBOI apmaTypu 13 Kpokom 50 wmMm.
JlolaTKOBO BHKOHAHO apMyBaHHsS apMaTypHOTO TaKOTO > Kjacy 1 OMOPHHUX
TUISTHOK, a TAaKOK BJIAIITOBAHO 3aTSKKY IS 3a0€3MeUeHHS SKICHOTO BUKOHAHHS Ta
MTOJAJIBIIOT0 TPAHCIOPTYBaHHS Kapkacy. Jlis mopambIoro 3amipy aedopmariii
apMaTypu, TiJ 4Yac TPOBEJAEHHS EKCIEPUMEHTAIbHUX JOCIIIKEHb, Ha
apMaTypHOMY Kapkaci mepenbOadeHi cremiaiabHi (GIKCaTopu JJIsS  KPIMUICHHS
BHMIPIOBAJIBHOTO O0IaJHAHHS y 30HI MAaKCUMaJIbHUX 3THHATLHUX MOMEHTIB.

404



’s

il

¥t

B13
T3t
(1]

be
iog s oo
da-ﬁ_ * =
A 61,59 ‘I?.‘.';| 17,5 \&M Bp1 % 17,5175 =t
o118 L Ts0 b i - 16 %
; : 865, - L : |

Puc. 2. ApmaTypHHii KapKac apO9HOT KOHCTPYKITii

Ha pucynky 3 mokazano (orto i3 OyaiBeIbHOTO MailaHYMKa, a caMe BIIANITYBaHHS

apMaTypHOTO KapKacy Ha Mepinidi OCTOHHUI 11ap.
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Puc. 3. BrnamryBaHHsi apMaTypHOT0 KapKacy Io MepiuiomMy OCTOHHOMY IHapy

Jns nmojansiioro 3amipy aAegopmauiidi apmMaTypu, IMiJ 4Yac IPOBEACHHS
EKCIIEPUMEHTAIPHUX  JIOCTI/DKEHb, Ha apMaTypHOMY Kapkaci mepeadadeHi
cnerianbHl  pikcatopu JUIsl KpPIMJIEHHS BHUMIPIOBAJIBHOTO OOJIaJHAHHS Yy 30HI

MaKCUMaJIbHUX 3TUHAJIbHUX MOMEHTIB.
Ha pucynky 4 mokazano nporec popmyBaHHS 4-T0 mapy apodHOi KOHCTPYKITii.

405



Puc. 4. TIpouec ¢popMyBaHHS 4YETBEPTOI'O IIAPY ApOYHOI KOHCTPYKIIT

Ha pucynky 4 Takox BHJIHO 3aKkjiaay JeTalb B OIOpi, SIKa BJAIITOBaHA Ha
TpeTiii OETOHHUI Iap Ta MpU3HAYeHa JJIs MOJAJIBIIOTO BIAIITYBAHHS 3aTSXKKUA Y
BXKE T'OTOBY KOHCTPYKIIiIO, MTICIISI 3aTBEPAIHHS OCTOHY.

[Ticinst BRamTyBaHHS OCTAaHHBOTO IIOCTOTO TMIAPy OYJIO OTPUMAHO TOTOBY
apoYHy KOHCTPYKIIII0, (OTO SIKOT 300paKEHO HA PUCYHKY 5.

Puc.5. Koncrpykuis apku, miciist 3aBepiieHHs pooit metogom 3D apyky
BuroToBneHi KOHCTPYKIIi apok HaOUpadu MILHICTh 28 JAHIB, HICIS 4YOro
MEPEBO3WINCS Y Ja00PATOPItO JIsl OAATBIINX BUIIPOOYBaHb.
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PesyabTraTm  mociaigxeHHsi. Y  pe3ylbTari  MPOBENEHOI POOOTH MO
KOHCTPYIOBaHHIO apMOBAHO1 apKu OyJI0 BUKOHAHO MPOEKT KOHCTPYKIT apKu Jis
nojaneioro ii BUTOTOBJIEHHS. KOHCTpyKIlisi apMOBaHOI apku BHUTOTOBJIEHOL
metoaoM 3D npyky 300pakeHa Ha pUCYHKY O.
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Puc. 6. KoncTpyxkitist apMoBaHOi apku BUTOTOBIIEHOT MeToioM 3D npyky

Sk BUJHO 13 PUCYHKY 7 MPOJIT MPOEKTOBAHOI apOYHOI KOHCTPYKIIIT CTAHOBUB
1500 mm, a crpina migiiomy 750 mm. Posmip apku y neperuni 120x55%(h) mm.
3TiIHO TEXHOJIOTIi BUTOTOBJICHHS, Yy Mepepi3l apka CKIIaJae€ThCs 13 MISCTH IIapiB,
po3MipoM 55x20 MM KOKHUH.

Po3mipu koxHoi 3 1Box onop apku 190x100 (h) mm. B cepeauni onop apku, mo
CepellMHI, B IPOLECI IPYKy, BIAIITOBAHO 3aKJagHl JaeTani i3 Tpyo aiamerpom 10
MM TSI TIOAAJTBIIOT MOYKIMBOCTI BIIAIITYBAHHS 3aTSKKH Y apiil.

Jist BU3HaUeHHS (Di3MKO-MEXaHIYHUX XapaKTePUCTUK MaTepiaiiB BUTOTOBIICHO
JOCHIHI 3pa3kiB KyOiB Ta MpU3M, a TAKOXX apMaTypH 13 TUX CaMHUX MaTepiajiiB, 110
W TOCHITHI 3pa3KH.

Ha pucynky 7 noka3zaHo (oTo roToBoi apo4HOi KOHCTPYKIIIi JaHOi cepli, mics
Ha0Opy MIITHOCTI OETOHY Ta MEPEBE3CHHS Y J1a00paTopiro.
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Puc. 7. Apxka, Burorosnena meronom 3D apyky, miciist JOCSTHEHHS POEKTHOI MIITHOCTI.

VY pe3ynbTari IpoBeACHOI poOOTH, 13 BUKOPUCTaHHAIM TexHOoTii 3D npyky,
OyJI0 BUTOTOBJICHO J[BI apMOBaH1 apKu Li€i cepii, JOCHIPKEHHS SIKUX TUIaHYy€ThCS
MIPOBOJUTH Y 1a00PATOPHUX yMOBaX.

BucHoBku. Po3po6iieHa TEXHOJIOTiSI BUTOTOBJIEHHS apMOBAaHUX apOK METOAOM
3D npyky i3 BUKOpHCTaHHSIM OYJiBEIBHOTO MPUHTEPY JO3BOJISE OTPUMATH SKICHI
KOHCTPYKIIii, sIKI MOXKYTh OYTH 3aCTOCOBaHI SIK y peaJlbHOMY OyJIIBHUIITBI, TaK 1 JUIs
NPOBE/ICHHS HAYKOBUX €KCIIEPUMEHTAIIbHUX JTOCII/IKEHb.

BuKkOHAHO KOHCTPYIOBAHHS apMOBAaHUX apOYHUX KOHCTPYKIIH 13 ypaXyBaHHSAM
0CcO0IMBOCTEH IXHBOT POOOTH 17| HABAHTAXKCHHSIM Ta TEXHOJIOT1i BUTOTOBIJICHHS.

I3 BUKOpHCTaHHSM OYAiBEIBHOTO NPUHTEPY Ta TexHojoril 3D npyky orpumano
apMOBaHI KOHCTPYKIIi apoK, sKI BIJMOBIJAIOTH TONEPEAHBO PO3POOIECHUM
KOHCTPYKTHBHUM PIIICHHSAM Ta BHUTOTOBJIEHI 32 OKPEMO pPO3pOOJICHOIO
TEXHOJIOTTYHOIO TOCIITOBHICTIO.
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