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NEPCNIEKTUBHBIE TEXHOJIOTUHA AAAUTUBHOT'O IIPOU3BOACTBA
CTEHOBOMU ONNAJIYBKH U3 YTJIEIIVIACTUKA

A. A. )Kueomoe, I0. H. TunuHuH

2Kueomos /JImumpuii AHdpeesuy, KaHUAAT TEXHUYECKUX HAYK, JOLEHT Kadeapbl TEXHOJOIUHU CTPOU-
TeJIbHOI'0 TPOM3BOACTBA, CaHKT-IleTepOyprcKUil rocyJapcTBEHHBIN apXUTEKTYPHO-CTPOUTEBHBIH YHUBED-
cureT, I. CaHkT-IleTep6ypr, Poccuiickas @enepanus, Teu.: +7(921)569-06-45; e-mail: d.zhivotov@mail.ru;

TuaunuH Opuii Heanosu4, KaHIUJAT TEXHUYECKUX HAYK, IOLEHT Kadeapbl TEXHOJIOTHUH CTPOUTEIb-
HOT0 pou3BoACcTBa, CaHKT-IleTepOyprckuii rocyfapCcTBEHHBIN apXUTEKTYPHO-CTPOUTEIbHBIA YHUBEPCH-
TeT, I. CaHKT-IleTepOypr, Poccuiickas ®enepanus, Tes.: +7(905)232-16-34; e-mail: tilsp@inbox.ru

PaccmaTpuBast TpaAMLMOHHbIE KOHCTPYKIIMHM CTEHOBOH ONMasly6KH, KaK HPaBUJIO COGHPAeMOi U3 MJIOCKUX COOPHO-Pa36opHBIX
IIMTOB, aBTOPHI MPUILLIU K BbIBOJY O HEOOXOJUMOCTH COBEPILIEHCTBOBAHUS OMay6OYHBIX CUCTEM B CBSI3U C HEOOXOJUMOCTBIO 00-
JIer4eHus yAeJbHONW Macchl ONayOKH, MOBbILIEHUs] Ka4eCTBa JIMIeBOH MOBEPXHOCTH MOHOJMTHOTO GETOHA U TJIaBHOE — CO3JaHUS
pesibeHOM ONMany6Ku /sl BO3BEJ€HUS] MOHOJIMTHBIX XeJ1e306€ TOHHbBIX CTEH C apXUTEKTYPHBIMU 3JIEMEHTaMU IIPU CTPOUTEbCTBE
HOBBIX U PEKOHCTPYKLHH CYIIEeCTBYIOUINX 3/JaHUH B HUCTOPUYECKH CI0XKUBLINXCs palioHax CaHKT-IleTep6ypra. B cBs3u ¢ 3TUM ObLIN
MPOBeJEHbI IKCIIEPUMEHTAIbHbIE UCCIeI0BAHUs CO3/JaHHbIX aJAUTUBHBIM METOI0M 06pa3L[0B KOMIO3UTHBIX MaTEpPHAJIOB Ha OC-
HOBe apMHUPOBAHHOI'0 CHHTETHYECKHUM BOJIOKHOM IJIACTHKA. [IpyMeHeHe ajUTUBHbBIX TEXHOJIOTHH OTKPbIBAET NEPCIEKTUBY CO-
37aHus pesibepHOM MJIACTUKOBOU ONaNyOKH J1Jis BO3BeIeHHUs] MOHOJIMTHBIX CTEH C apXUTEKTYPHBIMU 3jieMeHTaMU. KpoMe Toro, uc-
MM0JIb30BaHKE MJIACTUKA BeJIeT K CHHXKEHHIO yIeJIbHOH MacChl ONMasiyOKH U BJIMSET HA MOBBIIIEHHE KaYeCTBa JINLEBOH MOBEPXHOCTH
MOHOJIMTHBIX 6€TOHHBIX KOHCTPYKLHUH. L]esb uccaedosanusi - icnbiTaHWe 06pa3lioB U3 yrJleacTHKa KaK MaTepHasa MepcrneKTUB-
HOU TEXHOJIOTUH aIJJUTUBHOTO MIPOM3BO/ICTBA peJibepHOM ONalyGKU CTEH C apXUTEKTYPHBIMU 3jieMeHTaMu. Memodbl: U3TOTOBJIEH-
HBIE C IOMOLIbIO TPEXMEPHOU MeyaTH 06pasibl UCIBITHIBAIOTCS HA MPOYHOCTD U AedopMaLrIo B 1a6OPAaTOPHBIX YCIOBUSIX. Pe3y/ib-
mambl: 3KCIIepUMeHTa/IbHbIE UCIIBITAHKSA ONBITHBIX 06Pa31i0B, U3rOTOBJIEHHBIX U3 yIJIelJIaCTHKA C IpuMeHeHHeM 3D-neyaT, noka-
3aJIM AOCTAaTOYHbIE [IJIs1 U3TOTOBJIEHHS ONaNyOKU MPOYHOCTHBIE U edOpPMalMOHHbIE XapAKTEPUCTUKH TOJIYYeHHOTO N0 aAAUTHB-
HOU TE€XHOJIOTHM KOMIIO3UTHOTO MaTepHuasa.

Kawuyesule cao8a: peavedpHas onanybka, MOHONUMHbLE CMeEHbL, yeaena1acmuk, addumugHble MeXHO/102UlU, U320Mo8J/1eHuUe, Onblim-
HbIll 06pasey, UchblMmaHue HA pas3pble, CPASHeHUe, 8bIGOP.

PROMISING TECHNOLOGIES FOR ADDITIVE MANUFACTURING OF CFRP WALL FORMWORK
D. A. Zhivotov, Yu. I. Tilinin
Zhivotov Dmitriy Andreyevich, Candidate of Technical Sciences, Associate Professor of the Department
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Tilinin Yuriy Ivanovich, Candidate of Technical Sciences, Associate Professor of the Department
of Technology of Construction Production, Saint Petersburg State University of Architecture and Civil Engi-
neering, Saint Petersburg, Russian Federation, phone: +7(905)232-16-34; e-mail: tilsp@inbox.ru

Considering the traditional designs of wall formwork, usually assembled from flat collapsible panels, the authors came to the
conclusion that it is necessary to improve the formwork systems due to the need to lighten the specific gravity of the formwork, improve
the quality of the front surface of monolithic concrete, and most importantly, create a relief formwork for the construction monolithic
reinforced concrete walls with architectural elements in the construction of new and reconstruction of existing buildings in historically
developed areas of St. Petersburg. In this regard, experimental studies of samples of composite materials created by the additive method
based on plastic reinforced with synthetic fiber were carried out. The use of additive technologies opens up the prospect of creating
embossed plastic formwork for the construction of monolithic walls with architectural elements. In addition, the use of plastic leads to a
decrease in the specific gravity of the formwork and affects the quality of the front surface of monolithic concrete structures. The purpose
of the study is to test samples of carbon fiber as a material for a promising technology for the additive production of relief formwork for
walls with architectural elements. Methods: 3D-printed specimens are tested for strength and deformation in the laboratory. Results:
experimental tests of prototypes made of carbon fiber using 3D printing showed that the strength and deformation characteristics of the
composite material obtained by additive technology are sulfficient for the manufacture of formwork.

Keywords: embossed formwork, monolithic walls, carbon fiber, additive technologies, manufacturing, prototype, tensile test,
comparison, selection.

BBejeHue HOM TeXHOJIOTHH, HEOOXO0UMO IPOBECTH HUCIBITA-

MoHoJIMTHOE AOMOCTPOEHHE KaK Hauboiee yHU-  HUE U3TOTOBJIEHHBIX 3TUM CIIOCOGOM OTNBITHBIX 06-
Bepca/ibHasi TEXHOJIOTHS BO3BeleHUs 3aHUH oJly-  pasuos [7-9].
yusa 661 6oJsiee MHUPOKOe MPUMeHEeHHE NPU CTPOU- OnbITHBIE 06pa3Lbl, U3TOTOBJIEHHbIE U3 ILJIa-
TeJIbCTBE HOBBIX U PEKOHCTPYKLMHU CYIIECTBYIOIIMX  CTHKA OTeYeCTBEHHOr0 MPOU3BOACTBA MO aJJUTHUB-
3JaHUM B HCTOPHUYECKH CJIOKUBLIMXCS palioHaX  HOW TEXHOJIOTMHU, UCIIBITAHBI B JIAGOPaTOPHBIX yCJIO-
Cankrt-IleTepbypra npu co3ganuu peabedHoit ona-  BusAX. HoMepa 06pasioB v MapKa yrjenacTHKa yKa-
JIyGKH CTEH C apXUTEKTYPHBIMU 3JIeMEHTAMU U3 HO-  3aHbI B Tabuuie 1.
BbIX MaTepuasoB [1-3].

. Ta6suna 1
[Ipu cTporTEILCTBE MOHOJIUTHBIX 3/laHUH B UCTO-
. HoMepa u MmaTepuaJ ONbITHBIX 06pa31 0B
pudeckoit yactu CaHkT-IleTepbypra dacaji A0/KeH
Homep o6pasua Mapka yrJienyiacTuka
COOTBETCTBOBATb aPXUTEKTYPHOMY CTHUJIIO IIPOLLJIBIX 110 NOPSIAKY (maTepuasa)
JIeT, UMeTb ITUJIACTPbI, KAPHU3bI, CAHAPUKHU U rue
) Pl Kap , CAaHAp Apy 1 TOTAL GF-30

ApPXUTEKTYPHO-KOHCTPYKTHUBHBIE 3JIEMEHTBI, yCJIOXK-
HsOLMe cTeHbI (puc. 1).

Ta6snna TITAN GF-12

TOTAL GF-30 (N)

QNU|b W N

O6pa3ibl U3roTOBJEHbl Ha cnelualbHoM 3D-
npuHTepe. UcnblTanus 06pa3ioB NPOBOAUINCE Ha
YHUBepcaabHOU MaliuHe Instron 5982 c paspbiBa-
owuM ycuaeM o 100 xH.

O6pa3upl 0 Hadala UCIOBITAHUNA U3MEPSJIUCh
10 KpasiM U B cepeJiiHe C 3alUCbI0 3aMEPOB B XKyp-
HaJjle 3KCIepUMeHTa. 3aTeM 3KCllepUMeHTaJbHbIN
ob6pasel] ycTaHaBJMBa/IM B 3aXBaTax UCIbITATE/b-
HOM MallHWHBI TaK, YTOOBI €ro NPOJ0JIbHAS OCh COB-
naJia C OCblo IPUJI0KEHUS HAarpy3ku. B cpegHel ya-
CTH 06pasia yCTaHABJUBAIUCh TEH30METPUYECKHE
JaT4YuKHU (c 6a30Bo# JyinHOM 10 MM) AJ151 onipefieie-
HuUs oceBol Aedpopmanuu (puc. 2-3) [10].

1 - napanem; 2 - 2nasHblil KapHU3; 3 — Yemeepmu OKOHHO20 Npoema;
4 - npocmeHOK; 5 - NOSICOK; 8 — NPOMENCYMOUHbIU KAPHU3;
7 - caHdpuk; S - Yyokob; 9 — 20pu30HMANbHASL 2U0POU30AAYUSL;
10 - nuasicmpa; 11 - noaykoaouua; 12 - nuwa [4]

J/1s1 BO3BeleHUs] MOHOJIMTHBIX CTEH C apXUTEK-
TYPHBIMU 3JIEMEHTAMHU aBTOPbI NPeAIaraloT peJsib-
edHy0 onaayoKy, U3TOTAaBJMBAEMYIO U3 IJIACTHKA
10 aAIUTUBHON TEXHOJIOTHH.

Puc. 2. 06pa3sybt Puc. 3. O6pasey 6 paspbie-

U ucnosib3yembie u Holl MawuHe Instron 5982
B kayecTBe MaTepuasia Oomnajy6KH HCHBITHIBA- aMepUmebHbIe UHCTPYMEHMb]
€TCA YrJIeIlJIaCTHK, KOTOprﬁ Jierde CTeKJioIlJia-
CTHUKAa HpI/I6JII/I3I/ITeJIbHO Ha 18 % [5, 6] B XoJ€e nMpoBeaeHUA 3KCIIEpUMEHTA UCCJieg0Ba-
JKcnepuMeHT JIUCh CBOMCTBA MaTepHaloB NMPU KpPaTKOBpPEMEH-

B cBs3M ¢ TeM, 4TO onasiy6ka O6yAeT u3rotapan-  HbIX PACTATMBAIOLIMX HAarpyskax B yC/I0BUAX HOP-
BaTbCAd W3 yrJeNJacTUKa MpPU MOMOILM afJuTHB-  MaJIbHOU TEMIIEPATYPbI 18-22°C.
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H3y4anuce Takxke MeXaHU4eCKHe CBOMCTBA NJIACTHU-
KOB; TIOBe/IeHHe MaTepyasia 1o/, IeCTBUEM Harpy3KY,
cTazuu AepopMaluii ¥ 3aBUCUMOCTH NlepeMelleHUH.

Pe3ysibTaTbl 3KCNIepUMEHTa/IbHbIX JAHHbBIX IPH-
BeJIeHbI B TAOJIHIIE 2 U B BU/le TpadHUIeCKUX 3aBUCH-
MocTed JAedopMalMii OT HAarpy3Kd Ha pPUCYHKe 4

Y MepeMelieHU OT Harpy3ku - pucyHke 5. Bcero
Ob1JIO UCIIBITAHO MO 2 06pasiia Kax/A0ro MaTepyasna
10 TPUYMHE UJEHTUYHOCTH M0JIy4YeHHbIX JaHHBIX.

XapakTep paspylueHus: 06pas1oB NpeACTaBJIeH
Ha pUCyHKax 6-8.

Ta6auna 2
3KCIIepPIMEHTaJIBHbIe pe3yJabTaTbl
MakcumMym [penen Mopaynb OTHOCUTEe/IbHOE o Ceuenue, a*b,
Harpysky, [KN] npoyHocTy, [MPa] [MPa] yAJarHeHUe, [%] UM, MM?
1,22 32,41 282,19 25,01 GF30(1) 4x10
1,21 32,60 321,30 29,44 GF30(2) 4x10
2,08 51,49 4256,21 1,72 TitanGF12(1) 4x10
2,06 52,49 4702,36 1,54 TitanGF12(2) 4x10
1,60 41,93 313,70 28,97 GF30(N)(1) 4x10
1,56 39,14 311,58 30,59 GF30(N)(2) 4x10

Fpaduk ucnbitaHus 3 neHb

2500

2000

OBpaseu N2
1500

1000

Harpyzka [N]

YT EFEEN

20
AedopMmaumna npr pacTskeHan (Jedopmauus 1) [%]
Puc. 4. I'paguk 3agucumocmu Hazpy3ku om dedopmayuti

30 40

‘ LY,
Puc. 6. Pa3pyweHHblii o6pasey GF30:
a, 6 - paspyweHue Mamepua.a 800.1b 80/10KOH

6 g

Puc. 7. Pa3pyweHHblii o6pasey Titan GF12: a, 6 - pazpyweHue ma-
mepuasa 00/1b 8010KOH

T 1

) .

Puc. 8. PaspyweHHblii o6paszey GF30(N): a, 6 - paspyweHue ma-
mepuasa 001 8010KOH

pamk ncnbiTaHna 3 AeHb

2500

2000

1500

Harpyaka [N]
5
3
S

20
Mepemewerne [mm]

30 40

Puc. 5. T'paguk 3asucumocmu Hazpy3ku om nepemeweHull

Pe3ysbTaTel NpOBeJEHHOTO 3KCIIepUMEHTa HU
XapaKTep paspylleHUsl COYeTalTCs MeXJy co60H,
yKa3blBasi Ha JOCTOBEPHOCTb IOJIyYEHHBIX [JaH-
HbIX. Ha rpadukax u pucyHKax BUJHBI XapaKTep-
Hble /IJ151 XPYNIKUX MaTepUaJioB U3MeHeHUs, IPOuC-
XoJsA1Ke B 06pasLax, noj JelcTBUeM HarpysKH.

06pasupl u3 matepuana GF30 u GF30(N) paspy-
IIAJIMCh TIOCTEINEHHO, N0/, BO3/eHCTBUEM Harpy3ku
IJITAaBHO BO3pacTa/ii 3HauYeHUs AedpopManui, nepe-
X0/i51 U3 IJIACTUYECKOH CTaZiMH B XPYIKOe pa3pylie-
Hue. U3yyeHue rpaduka nokasbiBaeT 06 MJEHTHUY-
HOCTH pa3pylleHNs 3TUX [IJIaCTUKOB C ipeBECUHOM.

Paspymenue o6pasnoB 13 Matepuasna Titan GF12
COIPOBOKJAJIOCH CTPEMUTEIBHBIM POCTOM Harpy3Ku
Y XpYIIKUM paspylLieHHeM ¢ MUHUMaJIbHBIMU Jiedop-
MalUsIMHU.

BoiBoEbI. [IpoBe/ieHHbIe 3KCIIepYMeHTa/IbHbIE UC-
c/lefIoBaHUA 00pasLioB M3 YIJIENJIACTUKOB Mapok TO-
TAL GF-30, TITAN GF-12, TOTAL GF-30 (N) nokasasiu
pasJIMyHbIe 3HAYEeHHUsI X MEXaHUUECKHX CBOMCTB.

[loslydyeHHble pe3yJsbTaThl MO3BOJIMJIM OMpeje-
JIUTh ONITUMaJIbHY10 MapKy MaTtepuana TOTAL GF-30
(N) psis M3roTOBJIEHUS] OMayOGOYHBIX 3JIEMEHTOB,
CIOCOGHBIX COMPOTUBJISAATHCS BO3/JEHCTBUIO BHEITHUX
YCHJIMH C BO3MOXKHOCTBIO paboThI B YIPYTOH CTaIUH.
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CITIOCOBbI MOBbIMIEHNA 3BYKON30/I1LHHN B TOMAX,
IMOCTPOEHHBIX 110 MOHOJIMTHO-KAPKACHOHM TEXHOJIOTUH

K. A. I'ypees, /. B. TpsacyuH

I'ypeee Kupuiaa AaexcaHdpoeuH, KaHUJJAT 9KOHOMUUYECKHUX HayK, AOLEHT KadeLpbl CTPOUTEIBHOTO
WHXXMHUPHUHTA U MaTepuaJoBeeHus, [lepMCKUI HaLlMOHAIBHBINA HUCCJI€10BATENbCKUHM MOJTUTEXHUIECKUI
yHuBepcuTeT, I. [lepmb, Poccuiickas @enepanus, Tesr.: +7(908)273-56-36; e-mail: gureev.prof@gmail.com;

Tpsacyun Jmumpuili Baadumupoeuy, MaructTpaHt, [lepMCcKUI HalMOHAIbHBINA UCC/IeJOBATENbCKUN
NOJUTEXHUYeCKU yHUBepcuTeT, TI. Ilepmb, Poccuiickasa ®@egepanus, Tten: +7(951)936-37-72;
e-mail: tryascin77 @mail.ru

PaccmoTpeHa 3HAaUMMOCTb 3BYKOU30JISILIUH JJ11 06ecriedeHUst KoMPOPTa KUIbLIOB B MHOTOKBaPTUPHOM ioMe. OTMeuyeHo, YTO 110
CTaTHUCTHKE KOJIMYECTBO XKaJI006 Ha IJIOXYI0 3BYKOU30JISILHIO GOJIBIIE Y XKHUJIbIOB JOMOB, IOCTPOEHHBIX 0 MOHOJIUTHO-KapKacHOH
TeXHOJIOTUH. PacnycaHbl cr1oco6bl MO YJIydLIeHUI0 3BYKOU30IIIMY B HOBOCTPOSILIIUXCSI XKUJIbIX MHOTOKPATHBIX 3JjaHusX. [IpescTaB-
JleHa cBo/iHasl UHQOpMaIUs 0 COBPeMeHHbIX TPe6oBaHUAX K 3ByKousosauu. [lpeicTaB/ieH OCHOBHON NepedeHb IPUMeHsIeMbIX CO-
BPEMEHHBIX MaTePHAJIOB, UCIOJIb3yeMbIX JJIs YIy4LIeHHUs] 3BYKOU30JIsILUU B KBapTHpe. 0co60e BHUMaHHE YAeJseTCs BOPOCY HO-
BBIIIEHHS KayecTBa 3BYKOU3OJIALIMU B y2Ke TOCTPOEHHBIX 00beKTaX C SBHBIMH OTKJIOHEHUSIMU OT HOPM, UTO NO3BOJIUT YIyYLUIUTh
KaveCTBO NPOXKHUBAHUS COOCTBEHHUKOB. UHGOpMaLKst 0CHOBBIBAeTCs Ha MPOBEAtHHBIX HCCIEJ0OBAHUAX MO YIYYIIEHHIO 3BYKOU30-
JISIIUM C IPUMeHeHHeM COBPeMeHHbIX MaTepraJoB U TEXHOJIOTHH.

Kawuesule c108a: MOHOAUMHO-KAPKACHOE CMPOUMeEbCMB0, KOMEPOpmM, HOPpMUPOBAHUE 38YKOU30ASIYUU, UHOEKC U30AAYUU, YAVY-
weHue 38yKou30A51YyUuld 6HymMpeHHUX CMeH U MeXCIMaxcHblx nepe2opodoK, Co8peMeHHble MexHO102UU Cmpoumenbcmaa.

THE WAYS TO INCREASE SOUND INSULATION IN HOUSES BUILT
USING MONOLITHIC FRAME TECHNOLOGY

K. A. Gureyev, D. V. Tryastsin

Gureyev Kirill Aleksandrovich, Candidate of Economic Sciences, Associate Professor of the Department
of Construction Engineering and Materials Science, Perm National Research Polytechnic University, Perm,
Russian Federation, phone: +7(908)273-56-36; e-mail: gureev.prof@gmail.com;

Tryastsin Dmitriy Vladimirovich, Masters student, Perm National Research Polytechnic University,
Perm, Russian Federation, phone: +7(951)936-37-72. e-mail: tryascin77@mail.ru

The importance of sound insulation to ensure the comfort of residents in an apartment building is considered. It is noted that
according to statistics, the number of complaints about poor sound insulation is greater among residents of houses built using mono-
lithic frame technology. The ways to improve the sound insulation in newly built residential multiple buildings are described. A sum-
mary of modern requirements for sound insulation is presented. The main list of applied modern materials used to improve sound
insulation in the apartment is presented. Special attention is paid to the issue of improving the quality of sound insulation in already
built facilities with obvious deviations from the norms, which will improve the quality of the owners' accommodation. The information
is based on research conducted to improve sound insulation using modern materials and technologies.
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