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Annomauus. Bo mnorux cmpanax mupa 6vAa paspadomana u uccaegoBana mexHoAorus 3D-newamu 6emona, obAragaio-
wero BblCOKUMU 3KCNAYAMAUUOHHbLIMU Xapakmepucmukamu. LJeab usaromoBaAenust BbICOKONPOYHOrO NeYamHoOro OemonHa —
npumMeneHue yCcOBEepWEeHCMBOBAHHOU MEXHOAOTUU CmpoumeAbcmBa 6e3 UCNOAb30BAHUSL ONAAYOKU U NPUHYQUMEAbHOIO
yniomuenus 6emoHHoU cMmecu. [IpegcmaBAeHbl pe3yAbmambl 5KCNepUMeHMAAbHBIX UCCAegoBaHUU cocmaBa U CBOUCMB
MeAkosepHucmbix 3D-6emoHoOB U3 gocmynHblX BO BremHname chlpbeBbIX MAMepUdAOB (4eMeHnm, 30Ad-YHOCA MenA0dAeKm-
poCcmanyuu, MukKpokpemHe3eM, MeAKull 3anoAHUmMeAb, Cynepniacmugukamop u Boga). Pesyabmambl sKcnepuMeHmMab-
HBIX UCCAEGOBAHUU NOKA3AAU, YWMO CyujecmByem NOmMeHyuaA gasi npoudBogcmaa 3D-neuammuoro 6emoHa Xopowero kaie-
cmBa. bblaa paspabomana meako3depHucmas 0emoHHAs cMech, obAagalou,ass HeoObXO0guMbIMU Xapakmepucmukamu gas ee
UCnoAbL30BaHUsL B mexHoAoruu 3D-neuamu u NO3BoAsOWAs NOAyHumb 6emoH BblCOKOU npounocmu. IIpuBegeHnHnsle dKcne-
PUMEHMAAbHblE UCCAEGOBAHUS BNOAHE JOCMOBEPHbl, MAK KAK B pabome ObLAU UCNOAB30BAHbl COBpEeMeHHble Npubophbl U
Memogbl uccaegoBanuli. I[ToaAyuennble pe3yAbmambl UMEIOM pedibHble NePCNeKMUBbl gAsl NPAKMU1eCKOro NpuMeHenust BO
Bremname.

KatoueBnle caoBa: memog 3D-neuamu, BbICOKONPOUHbLY MEAKO3epHUCMBLI 6€mMOH, NPOYHOCMb NPU CKAMUU,
3KCMPY3UOHHAA CNOCOOHOCMB, YJOOOYKAQgblBAeEMOCIMb OEMOHHOU CMecu

Ara yumuposanus: Aam T. B., Unik H. Y., Byarakos b. U., Arexcangposa O. B. IToaydeHUe BEICOKOIIPOYHOTO
MEAKO3epHUCTOro O0eToHa € MOMOIIbI0 TexHOoAoruu 3D-nedatn // IIpoMEBIIIA€HHOE U IPa’kKAQHCKOE CTPOUTEABCTBO.
2023. Ne 9. C. 52—159. doi: 10.33622/0869-7019.2023.09.52-59

PRODUCING HIGH-STRENGTH FINE-GRAINED CONCRETE USING 3D PRINTING
TECHNOLOGY

Tang Van LAM', lamvantang@gmail.com, Nguyen Trong CHUC?Z, trongchuc.nguyen@Iqgdtu.edu.vn
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Russian Federation

Abstract. 3D printing of concrete technology with high performance characteristics has been developed and researched
in many countries of the world. The purpose of producing high-strength printed concrete is the use of advanced
technology of construction without the use of formwork and forced compaction of the concrete mixture. The results of
experimental studies of the composition and properties of fine-grained 3D concretes obtained using raw materials
available in Vietnam (cement, fly ash from thermal power plants, silica, fine aggregate, superplasticizer and water) are
presented. The results of experimental studies have shown that there is a potential for the production of 3D-printed
concrete of good quality. A fine-grained concrete mixture has been developed that has the necessary characteristics for
its use in 3D printing technology and makes it possible to obtain high-strength concrete. The experimental studies
presented are quite reliable, since modern instruments and research methods were used in the work. The results
obtained have real prospects for practical application in Vietnam.

Keywords: 3D printing method, high-strength fine-grained concrete, compressive strength, extrusion ability, workability
of concrete mixture

For citation: Lam T. V., Chuc N. T., Bulgakov B. I., Aleksandrova O. V. Producing High-Strength Fine-Grained
Concrete Using 3D Printing Technology. Promyshlennoe i grazhdanskoe stroitel'stvo [Industrial and Civil Engineering],
2023, no. 9, pp. 52—59. (In Russ.). doi: 10.33622/0869-7019.2023.09.52-59
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BBegeHue

TpafrumoHHble CTpOUTENbHDbIE TEX-
HOMOMM  NpefycMaTpusaloT 60osb-
Wyl [OJIO PYYHOro Tpyda Ha
CTPOMMIOWAAKE, a TaKXKe WCMoSb-
30BaHHe onasnybKu W NpUHyaUTENb-
HOE YNNOTHEHWE YNOXKeHHoW be-
TOHHOW cMecu. Bce 310 cyuwect-
BEHHO 3aMefIfieT CTPOMUTENIbCTBO
[1, 2]. JanbHeHwas vHgycTpUanu-
3aUusa CTPOUTE/bHBIX TEXHOJNIOTUM B
Hanpas/ieHWH UX BobLLEH MeXxaH!-
3auuM, aBTOMaTU3aUMM M ocobeH-
HO UMdpoBM3aLUmMK crocobcTBoBa-
Na TMOSIBJIEHUIO U MPUMEHEHWUIO B
cTpouTenbctee Metoga 3D-neuarw
[3, 4], koTopbI OBnagaerT 3Hauu-
TE/IbHbIM MOTEHLIMAIOM Pa3BUTUSA U
B nocfieaHuWe rofbl MpUBAEKaeT
BHUMaHWe yYeHbIX BO MHOMMUX CTpa-
Hax mupa [5—T7].

Npesa TexHonoruu crpouTesb-
HOW MeyaTH, OCHOBaHHas Ha npe-
BPaLLEHWU YepTeXKen B 3aKOHYeH-
Hble OObEKTbI B KOPOTKME CPOKH,
6e3 npuenedeHns H6ObLLIOro KO-
yecTBa pabouMX M CO CyLIECTBEH-
HbIM CHWXKEHWEM 0ObeMoB obpa3y-
IOLLLErocsi CTPOMUTENIbHOTO MyCopa,
TaKk>Xe Bbl3bIBAET UHTEPEC Y UHXKe-
HepoB, apPXUTEKTOPOB, UHBECTOPOB
U HaxXOLMT NPUMEHEHHE B NPaKTUKe
COBPEMEHHOro cTpouTesnibcTea [1,
4, 7]. OpHako xOTs TeXHoIorus ne-
yaTu pa3BUBAETCS ObICTPbIMK TEM-
namu, HO A0 CUX nop TpebosaHus
K w™matepvanam ana 3D-neuatu
YAOB/IETBOPAIOTCSA HE NydlinM 06-
pazom.

[ns ycnewHoro npouecca ne-
yaTHbIM MaTepuan Oo/mKeH ObiTb
[IOCTaTOYHO MOABHXKHbIM, YTOObI
€ro MO>HO 6bl10 Bbl HENpepbIBHO
3KCTPYAMPOBaTL Yepe3 neuyarato-
Lwyto ronoeky. lNpu aToM BblAaBAN-
BaeMbIi Yepes COomnJio CocTaB AoJI-
>KEH MWMeTb [OCTaTOUHYlO MpPOoY-
HOCTb MPW CHOBUre A/ COMPOTUB-
NeHus fedpopMauun nog AenCTBU-
eM coOCTBEeHHOro Beca M Beca ne-
yaTHbIX C/oeB Hag HuMm. M3 pe-
3y/IbTaTOB MHOIMX WCC/Ief0OBaHHI
[8, 9] cnepyert, uto coctaBbl npu
HaxO>KAEHWW BHYTPU NeyaTHoro yc-
TPOWCTBA [O/MKHbI ObITb NOABUXK-

1. Munepaneneili cocmaB u gpusuKko-mexaHu4YecKue xapaKkmepucmuKku

nopmaaxnoyemenma

Munepansb- | % no macce | Hopmans-
HbIW cocTas Has

CpOKH cXBaTbiBaHuA,

MpouHocTb

MHH npu cxartuu, MlMa

rycrora, %

Hayano KOoHel 2 cyT 28 cyT
CsS 58,2
C,S 23,4
C3A 3,2 29,3 120 262 27,4 50,5
C4AF 12,4
ap. 2,8

HbIMM W obnajatb onpefeneHHoM
BSI3KOCTbIO, HO MOC/Ie BbIXOJa M3
neyartalolled roJIoOBKM OHW B KO-
POTKWE CPOKW AOJKHbI npeTepne-
BaTb nepexof, B TBEpOe COCTOs-
HME C [OCTaTOYHOW MPOYHOCTbIO,
uTobbl CONPOTHBNATLCA Aecdopma-
LMK,

BbetoH — oOMH M3 BaykHEMLUUX
CTPOMTENIbHbIX MaTepPUasioB W LLUK-
POKO MCMO/b3yeTcsa [ONsi CTPOU-
TeNbCTBa Pa3/IMuHbIX OOBEKTOB BO
BCceM Mupe. [ToaTomy MHOrMe cTpa-
Hbl, BKNloyas BbeTrHam, B cBeTe
npoucxomsLlen B HacTosLlee Bpe-
MSi  MPOMBILLJIEHHOW PEBOJIOLIMM
4.0 npoBoAAT WcCNefoOBaHWs, Ha-
npas/ieHHblE HA U3yYeHWE BO3MOXK-
HOCTH MOJIy4EHMS BbICOKOIPEK-
TUBHbIX BETOHOB € UCMOSIb30BAHUEM
TexHonorun  3D-neuatn [10—12].
[na peanusaumnm npouecca 3D-ne-
YaTU KaK OTHeSibHbIX CTPOMTESIb-
HbIX KOHCTPYKLMH, TaK U 30aHUN U
COOpPY>KEHWI BETOHHas cMecb A0-
»KHa obnagarb XOPOLUMMU 3KCTPY-
3WOHHbIMW CBOMCTBaMW W MNO3BO-
NATb NoJlyyaTh B pesysibTare ee 3a-
TBEPAEBAHWSA  KOHCTPYKLIMOHHbIN
6eToH ¢ TpebyeMoi HecylleH cno-
COBHOCTBIO U KPAcHBbIM BHELLHWM
BugoM. [Moatomy uccnegoBaHus c
Lenblo pa3paboTku BETOHHbIX CMe-
cel, NPUrofHbIX A/ WMCMOJ/Ib30Ba-
HUs B TexHosorun 3D-nevatn, ona

BbetHama BakHbl U MMetoT 6osb-
LLOe NpaKTUYEeCKoe 3HaueHHe.

B naHHon pabote npepcTasne-
Hbl pe3y/nbTaTbl 3KCMNEpPUMEHTasIb-
HbIX UCCNeNOBaHUA CBOMCTB BbICO-
KOMPOYHOro MesIKO3epHUCTOro be-
TOHa, MOJIYYEHHOrO M3 LOCTYMHbIX
Bo BbeTHame cbipbeBbix MaTepua-
JIOB C WCMOJIb30BaHWEM TEXHOJO-
rmn 3D-neuarwm.

Ma‘repuanbl U MeToAbl
UCccNefOBaHUA

B pabote vcnonb3osanu cneny-
lOLLME CbIPbEBbIE KOMMOHEHTBI.

Moptnanauement (L) PC40 tvna
LLEEM 1 42,5 H npousBsoacTea 3aBoga
«byt CoH» (BbeTtHam) C WMCTMHHOM
nnotHocTtbio 3,15 r/m3, cootBeTcT-
Byl TpebosaHuam  [OCT
31108' u TCVN 26822 Pesynbrarsl
aHa/iM3a WCMo/sib30BaHHOTO MOpT-
NaHaueMeHTa npuseaeHbl B mabs. 1
u2

ToHkopucnepcHble  MaTepuansbl
BKlOYaIM B cebs HU3KOKasbLue-
Byto (kucnyto) 3ony-yHoca (3Y) T3C
«®a Jlav» (BbetHam) knacca F u
MUKPOKPEMHE3eM KOHLEHCHPOBaH-
Hbin SF-90 (MK90) npoussoactea
drpmbl Vina Pacific (BoetHam), oT-
Bevatole TpebosaHuam [OCT P
561963, TOCT 258184 u TCVN
103025. XuMHuecKmit cocTas 1 chu-
3UUECKME XapaKTEPUCTUKKU TOHKO-

1 TOCT 31108—2020 «LiemeHTbi obliecTpouTenbHble. TeXHUYECKME YCOBUSY.

2 TCVN 2682:2009 «Portland cements — Specificationst» [[TopTnaHaLeMeHTbI — TeXHUYECKMe XapaK-

TEPUCTHKM].

3 TOCT P 56196—2014 «Jlo6aBku aKTUBHble MUHepabHble Ais LiemeHTos. OBLLpe TeXHUYECKHe yc-

JIOBUAY».

4 TOCT 25818—2017 «30/bl-yHOCa TENNOBbIX 3MEKTPOCTaHLMIA /1S GETOHOB. TeXHUUYECKHE YC/IOBHSI.

5 TCVN 10302:2014 «Activity admixture — Fly ash for concrete, mortar and cement» [AxTuBHas
nobaska — netydas 3ona [ GETOHa, CTPOMTESNbHBIX PACTBOPOB U LiEMeHTa].

9/2023 [MMPOMBILLIEHHOE U FTPAXIAHCKOE CTPOUTENILCTBO

53



CTPOUTENBHbIE MATEPUAbI N U3LESTNA

2. Xumuueckuli cocmaB u ¢husuyeckue xapakmepucmuku nopmaaHoyemeHma,
30/16I-YHOCA U MUKPOKPEMHE3EMA

CpeaHuii xumuueckuii coctas | CopeprkaHue cbipbeBbiX MaTepuanos, % no macce
3y TaC MK90 MopTnaHauemeHT
«®a Nan» «Byt CoH»

SiO, 54,62 91,65 20,4
Al;03 24,17 2,25 4,4
Fe,03 6,15 2,47 5,4
SO, 2,81 - 3,5
K,0 1,28 - 0,5
Na,O 1,25 0,58 1,3
MgO 1,57 - 2,5
CaO 1,48 0,51 59,5
P,05 1,63 - -
n.n.n* 5,04 2,54 2,5
CpegHuii pa3mep yacTul, MKM 7,18 0,243 8,365
WUcTuHHas nnoTHocTb, 1/cm3 2,25 2,15 3,15
HacbinHas nnotHocTb, Kr/m3 572 765 1100
YnenbHas noBepxHOcTb, M2/ 5,342 14,455 0,365
Mpumedanue. * n.in — noTepH NpH NPOKAMBAHAH.
[MCNepCHbIX MaTepUasioB faHbl B pa paboueit KOHLIEHTpaLuH
maén. 2. 1,12£0,2 r/cm3 1 BomopenyuMpy-

B kauectBe 3anonHutens npu- IOIJ.I,eFI CNocoBHOCTbIO nopsanka
meHsnM  kBapuesbid necok (M)  20—30 %.

p. Jlo (BbetHam) B cooTBeTcTBUM
c Tpebosanusmu FOCT 87365 u
TCVN 75707. ®usnko-MexaHWyec-
KWe CBOWCTBA NecKa CrefytoLue:

MOAY/Ib KPYMHOCTH « v v v v v uun 3,1
..2,65
HacblIMHas MAOTHOCTb, r/cMm3 . . 1,54

UCTUHHAasA NAOTHOCTD, F/CM3

MYCTOTHOCTB, % « v v v v v v ee e 41,8

cofeprKaHue MNbliu, rnHbI
u apyrux npumecei, % .. .. .. 1,25

Bbibpanu cynepnnactudgmkatop
(CN) tuna G pna 6etoHa TOProsom
mapku Sung Shin Vina SR3000S
NPOWU3BOACTBA BbETHAMCKOrO -
nvana komnanuu Sika (Lserua-
pvs), COOTBETCTBYIOWMI Tpebosa-
Huam FTOCT 242118 y TCVN 8826°.
JTOT cynepnnacTiuKaTop Ha oc-
HOBe NonMKapboKCUNaTHOro adu-
pa C NJOTHOCTbIO BOAHOMO PacTBoO-
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BoponpoeogHyto Boay (B) uc-
NosIb30Ba/IM Kak BOAy 3aTBOPEHMS
AN nosydeHuss GeTOHHOW cmecH
cornacHo MOCT 237320 4y TCVN
45061,

MeTonpl
cnepytoLme:
e pa3Mepbl YaCTHL, CbIMyYHX Cbipb-
€BblX MaTepHasioB YyCTaHaB/MBaIU
METOLOM J1a3epPHOM FpaHy/IoMeT-

uccnegoBaHuWi  Gbinu

BUA».

TBOpa. TexHWyeckue ycnosus].

a — no pacnaeiBy koHyca; 6 — onpede-
JIeHUE Pe3ynbmama ucnoimanui

Puc. 1. BcmpsaxuBaowui cmoauk
dnsa onpedesnenus yooboyknadeBae-
mocmu 6emoHHOU cmecu, npu2ooHoU
Ansa 3D-nevamu

puun Ha npubope BT-9300z (KHP);
e [19 NPOEKTUPOBaHWSA NpeaBapu-
TENbHOTO COCTaBa MeNIKO3EPHH-
CTON GETOHHOM CMECH MPUMEHANH
MeTog, abcotoTHbIX 06bEMOB;

o ynoboyknagpiBaeMocTb OeTOH-
HOW CMecu onpeaensnM no ee
pacnnbiBy, MM, Ha BCTPSXMBalO-
wem cronuke no FOCT 1018112 u
TCVN 3121-3'3 ¢ nomoupio yce-

6 TOCT 8736—2014 «[Mecok ansi CTPOUTENbHBIX PaboT. TeXHUIECKHE YCIOBUSY.

TCVN 7570:2006 «Aggregates for concrete and mortar — Specifications» [3anonHuteny ans 6eto-
Ha U PacTBOpa — TEXHWUECKUE XapPaKTEPHUCTHKU].

[OCT 24211—2008 «[lo6aBkm ans GETOHOB M CTPOMTENbHBIX PacTBopos. OBLMe TeXHUYECKHe YCo-

TCVN 8826:2011 «Chemical admixtures for concrete» [Xumuueckue nobasku ans GetoHal.
IOCT 23732—2011 «Bopa ana 6eToHOB M CTPOMTENbHbIX PACTBOPOB. TEXHWUUECKHE YCNIOBUSAY.
TCVN 4506:2012 «Water for concrete and mortar. Technical conditions» [Boaa ans 6etoHa 1 pac-

[OCT 10181—2014 «Cmecu 6eToHHble. MeToapl UCMbITaHWIY.
TCVN 3121-3:2003 «Mortar for masonry — Test methods. Part 3: Determination of consistence of

fresh mortar (by flow table)» [PactBop ans knagku — metoabl ucnbitanui. Y. 3. OnpegeneHue KoH-
CUCTEHLIMK CBEXKENPHroTOBIEHHOrO CTPOMTE/IbHOIO pacTBopa (No TexHosoruyeckon Tabnuue)].

MPOMBILLNEHHOE N TPAXIOAHCKOE CTPOUTE/IBCTBO 9/2023
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UEHHOTO MMWHW-KOHYyCa pa3me-

pom 100x70x60 mm (puc. 1);
e MWHepasibHbIH COCTaB CbIPbEBbIX
KOMMNOHEHTOB W (pa30Bbld COCTaB
pa3paboTaHHoro 6etoHa uccneno-
BaJIM NpU PeHTreHo(ha3oBOM aHa-
/IU3e Ha MOPOLUKOBOM PEHTreHOB-
ckoM audbpaktometpe XDA-D8
Advance ¢vpmbl Bruker (DPl) B
NHCTUTYTE CTPOWUTENBHOW HayKK M
TexHonoruu (CPB);
* MUKPOCTPYKTYpYy GeToHa u3yda-
U CKaHWPYIOLLMM  3/IEKTPOHHBIM
MuKkpockonom Quanta-450 (Ano-
Hus) B MHCTUTYTE BbICOKWX TEXHO-
JNIori XaHOMCKOro ropHo-reono-
TMYECKOro YHUBEPCHUTET];
* CpPefHIo NIOTHOCTb GETOHHOW
CMecH Mnocsie ee MNPUroTOB/IEHHS
ONnpenensiv nyTeM B3BELUWBAHUS
U u3MepeHus obbema B CTaHaapT-
HOM MepHOM eMKocTH (obbem 1 n)
B cootBetcteun ¢ FTOCT 1018112
TCVN 3105 1 TCVN 31083
e CpefHIo NIOTHOCTb BeToHa yc-
TaHaB/MBanM Ha obpasuax-Kybax
pasamepom 100x100x100 mm cor-
nacHo FOCT 12730.1'% 4 TCVN
311517,
e MPOYHOCTb BGeToHa Ha pacTsixe-
HWe NpU U3rMbe W NpU CXKaTUU B
Bo3pacte 3, 7, 14 v 28 cyt nonyua-
AW NPU  KChbiTaHWM  0bpa3LoB-
npusm pasmepom 40x40x160 mm B
COOTBETCTBMU C  TpeboBaHUsSMM
TCVN 3121-1178,

MeTtoa onpepeneHUs nevaTtHbIX
CBOMCTB GeTOHHBIX cMecel

B ocHoBe KOHCTPYKLUWMK YCTpOW-
CTBa, MCNoNb3oBaHHOro B nabopa-
TOPWU NS NPOBEPKH MPUrOLHOCTH
pa3paboTaHHbIX MeSIKO3EPHUCTbIX
OETOHHbIX CMeCel K MPUMEHEHWIO
mMeTtogoM 3D-neuartu, NEXMUT 3KC-
TPY3WOHHbIMH MeXaHW3M B BWAe
nayrxepa oobemom 100 mn ¢ ne-
yaTtalowmm connom pauvHon 150
MM 1 guameTpom 10 MM Ha Bbixoae
(puc. 2).

MpurogHocTb GETOHHbIX cMeced
K WCMO/NIb30BaHHIO yKa3aHHbIM Me-
TOOOM OLIEHWBAETCA TE€M, UTO OHM
JOJKHbI BblAAB/IMBATLCA M3 comja
U COXpaHATb NpUIaHHylo UM dhop-

Puc. 2. Cxema nayxxicepa

My nop aeincTeueM cobCTBEHHOro
BECa, a TaK)Ke Harpy3ok, BO3HUKa-
IOLLMX 32 CUET YKNAAKU MOBEPX HUX
CnefytoLmnx cnoes GETOHHOM cMe-
cu [13, 14]. B naHHoM uccnenosa-
HWUW NPUrOAHOCTb BETOHHOW CMeCH
K 3D-neuatu oueHuBasacb no cre-
LYIOLLMM KPUTEPHUAM:

e cnok 6eToHa, obpasytoLmics B
pe3y/bTate 3KCTPY3uW OEeTOHHOM
CMecH, [O/HKEH ObiTb Henpepbis-
HbIM, gauHou 1,2 M;

e neyaTHble BETOHHble C/IOM JaH-
HOW [J/IMHblI [OJ/KHbI COXPaHATb
NPUOAHHYIO UM POPMY MpPU HaHe-
CEHWHW WX ApYr Ha Apyra B ABa WJM
TpY cnos.

MpoekTMpoBaHUe COCTABOB
6eTOHHbIX cmeceﬁ aANnsa neyatu
Ha 3D-npuHTepe

B HacToslee Bpems cocTasbl
BOETOHHbIX CMeCeH, MPUroAHbIX A1
3D-neuatu, onpenenstoT OMNbITHbIM
nyTeMm, C nocsiefytoLen KoppeKLu-
el npefBapuTe/IbHOro TeopeTHyec-
KM pacCuMTaHHOro cocraea Ha Oc-
HOBaHWM MOJIYYEHHbIX 3KChepw-
MEHTaJIbHbIX Pe3y/bTaToB.

Jle TpyHr TxaHb W ero kKonneru
U3 UHcTUTyTa CTpOMTENIbHBIX MaTe-
puanos MuHUCTepcTBa CTPOWTE b~
cTBa BbeTHama npegioxxunun ynyu-

WEHHbIE  COOTHOLUEHWSI  MEeXAy
CbIPbEBbIMU  KOMMOHEHTAMW /151
NPOEKTUPOBaHUS COCTaBOB OETOH-
HbIX CMECeH, NPUMEHSIEMbIX B TeX-
Honorun 3D-nevatw [7, 11, 15].
MyTeM MCNONb30BaHUS YKa3aHHbIX
COOTHOLLEHWH MOYKHO CMPOEKTHUPO-
BaTb OeTOHHble cMecH, obnagaio-
lwpe xopoluerh ynoboyknagabisae-
MOCTbIO MPH NPOAO/IKUTENIBHOCTH
nedatv 1 4 1 nossonsoume nony-
uuTb OETOHbI C MPOYHOCTLIO MpPH
okatun ot 50 po 78 MMa B BO3-
pacte 28 cyr.

CornacHo MeTtofly abBCOMOTHBIX
obbemos (1) ana nonydeHus Geto-
Ha M/JIOTHOM CTPYKTYpbl pacxog
BCEX CbIPbEBbIX KOMMOHEHTOB LOJI-
»KeH ObITb TakuM, 4Tobbl CymMMa MX
abcosoTHbIX 0OBEMOB COCTaB/IsNA
1000 n, 1. e. 1 M3 ynnotHeHHoM Ge-
TOHHOM cmecH [8, 11, 14]:

b 3y MK90
+—+—+

Yu Y3y

4]
YMK90

+£+£+g=1000,
Ym YB Ycn

roe 11, 3Y, MK90, I1, B, CII — cootser-
CTBEHHO pacxonbl nopTnaHguemMeHTa,
30/1bl-yHOCa, MUKPOKPEMHe3eMa, MNecKa,
BOAbI M cynepnnactudukaropa, Kr; i,
Y3Y, YMK90» YII» YB M YCIT — MX UCTHHHbIE
NAOTHOCTH, T /cm3.

B cooteetctaum ¢ TOCT 2519219
n TCVN 1030620 BbicokonpouHbiit
6eToH — 310 BeTOH K/lacca NPOYHO-
CTW MPU CXKaTUK HaumHas ¢ B55 u
obnagaroLLmii cpefHen NPOYHOCTbIO
npu cXkaTtuu B Bo3pacTe 28 cyT Hop-
MasibHOro TeBepAeHust He Hibke 70
MMa. Ucxops M3 atoro nepeoHa-
yanbHbIM COCTaB PaCCUMTbIBASICS
[Ns nonyyeHusi BeToHa C yKasaHHOM

14 TCVN 3105:1993 «Heavyweight concrete compound and heavyweight concrete — Samling, making
and curing of test specimens» [Tsbkenas GeToHHas CMeCb U TsbKenbid 6eToH — oTbop Npob, U3roTo-

B/IEHWe U TBEpAEHWe 0DPa3LoB AJ1S UCTIbITaHWHM].

15 TCVN 3108:1993 «Heavyweight concrete compounds — Method for determination of density» [Ts-
Xerble BeToHHble cMecH. MeTog onpeaeneHus naoTHOCTH].

16 TOCT 12730.1—2020 «BeToHbl. MeTomp! onpepeneHts MAOTHOCTHY.
17" TCVN 3115:1993 «Heavyweight concrete — Method for determination of density» [Tsykenbii GetoH

— METOA, ONpPEenesieHusi MIOTHOCTH].

18 TCVN 3121-11:2003 «Mortar for masonry — Test methods. Part 11: Determination of flexural and
compressive strength of hardened mortars» [PactBop pns kiagku — metogpl ucrbitaHui, Y. 11.
OnpepeneHre NPOYHOCTH MpH U3rMbe U CKaTuM 3aTBEPAEBLUMX PacTBOPOB].

19 TOCT 25192—2012 «BeToHbl. Knaccudpmkaums 1 obiupe TeXHUYeCKUe TpeBGoBaHHSY.

20 TCVN 10306:2014 «High strength concrete — Proportional design with cylinder sample» [Bbicoko-
NPOYHbIA BETOH — NPOMNOPLMOHA/IbHBIM PacyeT C UCNO/b30BaHWEM 0BPA3LIOB-LMAMHAPOB].

9/2023 [MMPOMBILLIEHHOE U FTPAXIAHCKOE CTPOUTENILCTBO
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3. CocmaBer u cBolicmBa menxkozepHucmolx 6emoHHbIx cmecel das 3D-neuamu

Cocras B /Bsx M/Bsx Pacxop matepuanos Ha 1 M3 GeToHHOM cMecH, Kr CpeaHss NJOTHOCTb PacnabiB
6eToHHOM cMecH, kr/m3 | KOHyca, MM
L, 3y MK90 B n cn
13D-01 035 0,67 716 204 102 358 685 2,25 2073 165
13D-02 ' 1 633 181 90 317 904 1,99 2145 155
13D-03 04 0,67 680 194 97 389 651 2,14 2054 195
13D-04 ' 1 605 173 86 346 864 1,9 2098 175

NPOYHOCTBIO MPU CXKATUK MPH YAO-
GOYKNaabIBAEMOCTU  MEJIKO3EPHH-
CTOM BETOHHOW CMeCH Mo pPachsibiBy
koHyca (150—200 mm) Ha BCTpsxu-
BalOLLLEM CTOJIMKeE.

CooTHOLIEHUs MeXKay MCnoJib-
30BaHHbIMU CblPbEBbIMU MaTepHa-
namu B pabote 6biM onpeneneHbl
Ha OCHOBaHWHW Pe3y/IbTaTOB MHOrO-
UMC/IEHHbIX WCC/IEIOBaHWIM MeJIKO-
3epHUCTbIX BETOHOB, a TakXKe pe-
KOMEHOO0BaHHbIX B Hay4yHO-TEXHM-
UECKOW nuTepaType cocTaBoB Oe-
TOHHbIX cMecen pnna  3D-neuartu
[2—4, 7, 8, 10].

MHOroKOMMoHeHTHOE  BSXKyLLee
(Bsixx) coctosno u3 70 % no macce
noptiaHguemMeHTa 3asoga «byrt
CoH», 20 % no macce 30nbl-yHOoca
T3C «Da Navi» v 10 % no macce
MuKpokpeMHezema SF-90 (Bsxx =
= L] + 3Y + MK90).

BopoBsxyluime OTHOLWEHUS
(B/Bsxx) B 3TOM MccnenoBaHWu
OblM BbibpaHbl paeHbiMKu 0,35 u
0,4 ucxons U3 peaynbTatoB Ucce-
[IOBaHWUsI CBOWCTB OETOHOB, MNOJY-
yeHHbIX ¢ nomolubto 3D-nevatu [8,
15].

CooTHOLIEHUS MeXaY NECKOM W
Bs>kywmm (I1/Bs>k) ycTaHOBNEHDI
0,67 1 1 Ha ocHOBaHWW pe3ysibTa-
TOB MPOBELEHHbIX PaHee UCCIeno-
BaHuM [7, 11].

Konuuectso cynepnnactudmka-
Topa, obecneuvBaloliee Tpebye-
MbIi pacnble KOHyca 6OeToHHOM
CMECH Ha BCTPSXMBAIOLLEM CTOJIU-
Ke, cornacHo pabote [15] 6bi1o
npuHsato pasHbiM 0,22 % mMaccl
pa3paboTaHHOro MHOIOKOMIO-
HEHTHOrO BSXKYLLErO.

CopepykaHue BO3ayxa, BOBJEe-
YEHHOro B BETOHHYIO CMeCb B Xofe
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Puc. 3. lTonyyerHue 6emonHOlU cmecu u ee ucneimaHue Ha NPU20OHOCMb

on5 nevamu Ha 3D-npunmepe

ee MPUroToBeHHA,
2 % ee obbema.

Ha ocHOBaHWW BbIlLEU3NOXKEH-
HOFO MW COrnacHo pesynbTartam
npenBap1TeIbHO NPOBeAEeHHbIX
3KCNEPUMEHTA/IbHBIX  MCCNeaoBa-
HWWA OblLIM BbIOpPaHbl creayioLue
COOTHOLLIEHWS MO Macce Mexay
CbIPbEBbIMHU KOMMOHEHTaMH B He-
TOHHOMW CMecH:

COCTaB/iANno

/B .o eeieieininenenn 0,7
B/Bsx..............0,35u0,4
M/BX «vveeenenennn.. 0,67 wn1
BY/BaK.eeiiiii i 0,2
MK9O/BsiX. v vveeeennnnn 0,1
CM/BsK..veeeeunnnnn. 0,0022

C nomolwbio meToga abcontot-
HbiX OObEMOB, a TaKkxKe nocneny-
loLLed KOPPEKTUPOBKU Ha OCHO-
BaHWU 3KCNEPUMEHTasIbHbIX pe-
3y/bTaToB ObIIM paccymTaHbl Co-
cTaBbl OeTOHHbIX cMeced AAs
nonyyenus 3D-neuaTHbix 6eTo-
HOB C MPOYHOCTbIO MPHU CXKaTWM

He Hwxke 70 Mlla B Bo3pacTe
28 cyt. CocraBbl MCCneaoBaHHbIX
OETOHHbIX CMeceil npUBELEHbl B
mabs. 3.

Ucxons us umesluerocs nabopa-
TOopHOro obopyposaHua Obina pas-
paboTaHa M peann3oBaHa Ha npak-
TUKe NOC/efoBaTe/lbHOCTb MPUro-
TOBNIEHUA BETOHHOM CMecH Ans noc-
nepytowen 3D-nevartw:

* CMEeCb CyXMX CbiMyuyux MaTepua-
noB (LeMeHT, 30/1a-yHoCa, MUKPO-
KPEMHEe3eM W Necok) nomeLlasv B
CMecHuTe/IbHYIO Yally 5-nutposoro
MHKCepa A1 NPUrOTOB/IEHUS Lie-
MEHTHbIX PacTBOpPOB (pacTBopo-
cMmecuTenb XobapTa) U Mef/ieHHO
nepemMeLLMnBai B TEUEHUE 2 MUH;

* napasnsieslbHo B APYroM CMECH-
Tene cmewwmsanu okono 70 % so-
[lbl 3aTBOPEHUSA C CynepniacTUm-
KaTopoM [10 MOJIy4EHUS OHOPOS-
HOrO pacTBopa, KOTOpPbIM 3aTem
NocTeneHHO B/MBA/IM B PacTBOPO-
CMecHuTeNlb C NepeMeLaHHbIMK Cy-
XMMKW MaTeprasaMu v NPOAOIKa/M

MPOMBILLNEHHOE N TPAXIOAHCKOE CTPOUTE/IBCTBO 9/2023
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4. Qusuxo-mexaHuyeckue cBoicmBa pa3pabomaHHbIX MENKO3IEPHUCMbIX

6emoHoB
Coctras | B/Bsx | CpepHsas MpouHocTb Ha pacTsaxkeHue npu usrnbe/
NAOTHOCTb, | Npu ckatuu, MMa, B pasHbiX Bo3pacTax TBepAeHUs
Kr/m3
3 cyr 7 cyr 14 cyr 28 cyr
13D-01 035 2025 3,38/38,5 | 4,64/51,8 | 5,78/65,7 | 6,4/74,5
13D-02 , 2137 3,24/37,1 | 4,41/49,1 | 5,52/63,8 | 6,03/73,1
13D-03 04 2011 2,97/34,7 | 3,79/44,2 | 4,79/60,9 | 5,49/70,6
13D-04 ’ 2057 3,14/35,7 | 4,05/46,6 | 5,01/62,1 5,62/172

5. Oyenka neuamuelrx cBolicmB menKo3epHUCMbIX 6€MOHHbIX cMmecel

paspabomaHHblx cocmaBo8

Coctas | B/Bsax | /Bsx

OueHka npurogHocTu 6eToHHOMU cmecu ana 3D-neuartu

13D-01 0,67

0,35

O6pasylowasca neuatHas 6eToHHas neHTa obnagaet
HENpPEepPbIBHOCTbIO, €€ NOBEPXHOCTb MMEET MHOFO Nop,
HO JocTaTouHo rnagkas. [euaTHble GeTOHHbIE cou
nepxat opmMy noJs cobCTBEHHbIM BECOM U BECOM
BbILLEY/IOXKEHHBIX C/I0EB

13D-02 1

MeyaTHas GeTOHHas NeHTa UMeeT Te Xe
XapaKTePUCTHKHM, HO COW TPYAHEE 3KCTPYAMPOBaTh
u3-3a 6onee BbICOKOrO COMIEP>KaHUs necka

B 6ETOHHOM cMecH

13D-03 0,67

0,4

JKcTpyaupyeMmbie ciou betoHa obecneunBaoT popmMu-
poBaHWe HenpepbiBHOW BETOHHOM NEHTbI, HO OHa
6onee BnakHas M3-3a BO3POCLUErO CoAepyKaHWe Boapl
B 6ETOHHOM cMecu. BeToHHble cllou He BblaEP>KUBAIOT
BECa BbILLIEYJIOXKEHHbIX C/IOEB, B pe3yJsibTaTe 3TOro
Habnogaetcs Ux gedopmauus U kopobneHve

13D-04 1

Ob6pasytowascs neyatHasi 6eToHHas NeHTa npepbiBy-
cTas, nedpopMupoBaHHas Ha 1—2 MM no cpaeHeHHIo
C pasMepoM conna. JKCTpyarMpoBaH1e BeTOHHOM
CMeCH 3aTpy[HEHO, NMOCKOJ/IbKY COOTHOLIEHWE MEXAY
NecKoMm W BsXXywum yesenuyero c 0,67 go 1

nepemeluvBaHue ewe 1—2 MuH, no-
CTEMNeHHO YyBe/IMUMBas CKOPOCTb;

e focsie 3TOr0 B MOJIyYEHHYIO
cmecb pgobasnsanu - ocrasluMecs
30 % Boapl U NpofoMKanU nepe-
MELLMBaHWE C BbICOKOW CKOPOCTbIO
ewe B TeyeHre 1—1,5 MuH go nony-
UEHWS FOMOreHHOW BbICOKOMOABH-
YKHOW ME/IKO3EPHUCTON BEeTOHHOM
CMeCH.

BeTtoHHylo cMecb nocne nonyue-
HWUSI TMOJIOXKUTENIbHOTO pe3ysibTaTta
onpeneneHus ee Tpebyemon yno-
BOyKNafblBAEMOCTU Ha BCTPAXMBA-
IOLLEM CTOJIUKE NPOBEPAIU HA NPHU-
ropgHocTb ana 3D-neuatu (puc. 3).
e npoby 6eToHHOW cMecH O0Ob-
emom 100 mMn nomewanu B nayH-

YKEPHOE 3KCTPY3UOHHOE YCTPOMCT-
Bo 3D-npuHTepa, 3aTeM MAyHXKep
yCcTaHaB/MBa/IM Ha MeCTO B
3D-npuHTEP W NPUKPENASAIU K ero
BbIXOLHOW 4YacTW MeTIo nedararo-
Lero conna;

* MNpoBEPSIU NPUrOAHOCTb BETOH-
HOMW CMECH K neyatu npu CKOPOCTH
LOBWXKEHWUS MeuaTalolwel roJIoBKH
okono 40 mm/c.

Pe3yn bTaThbl UCC/lefO0BaAHHUA

B cootsetcTBMM C pencTByIOWM-
MM cTaHpapTamu Poccun u BoeTHa-
Ma B labopaTopHbIX YCNOBUSAX Obl-
W onpedeneHbl  pacn/ibie  Ha
BCTPSIXMBAIOLLEM CTOJIMKE WU Cpef-
HSS MJIOTHOCTb MEJIKO3EPHUCTbIX

9/2023 [MMPOMBILLIEHHOE U FTPAXIAHCKOE CTPOUTENILCTBO

BETOHHbIX CMecel pa3paboTaHHbIX
cocrtaBos (cm. maba. 3).

Ha ocHoBaHWM 3KcnepuMeHTasib-
HbIX PE3Y/IbTAaTOB MOXHO OTMETUTb
cnegyouiee:

° CpenHss NAOTHOCTb MesKo3ep-
HUCTbIX BETOHHbIX CMecei, paspa-
BoTaHHbIX A1 nedaty Ha 3D-npuH-
Tepe, HaxoOWTCA B WHTepBane OT
2073 po 2145 kr/m3 u umeet po-
BOJIbHO HU3KOE 3Ha4YeHue Mo cpas-
HEHWIO C OObIYHO MCMOJb3YEMbIMU
LleMEeHTHO-NecUYaHbIMKU  BeTOHHbIMU
CMECsIMU. ITO MOXXHO OOBACHUTD
MNOBbILLEHHbIM COAEP>KaHUEM BSXKY-
LLEero 1 BoAbl HECMOTPSA Ha HWU3KUe
BOLOBSXKYLUME OTHOLLEHWS, @ TaK-
»KE CHWXKEHWEM [O/M NecKa B pas-
paboTaHHbIX MeIKO3ePHUCTbIX be-
TOHHbIX CMECSIX;

e Be/MUMHA pacn/biBa KOHyca
MENIKO3EPHUCTbIX OETOHHbIX CMe-
CeN Ha BCTPSAXMBAIOLLEM CTOJSIMKE
CU/IbHO 3aBWCWUT OT COOTHOLLUEHMH
MEeXKOy BOLOM U BSXKYLLMM, NECKOM
U BXKyLWMM. [lns GeTOHHbIX cme-
cer c cooTHoweHuem [1/Bsyk =
= 0,67 c nosbiweHuem B/Bsx c
0,35 no 0,4 pacnnbiB KOHyca yBe-
nuumnca ¢ 165 go 195 mm, a ans
cmecer ¢ [1/Bsxk = 1 npu Takom
e pocte B /Bsx Takxke Habnoaa-
JIOCb yBe/iIMueHUe pacmn/ibiBa KOHY-
ca, Ho B MeHbLuew cteneHyd — ¢ 155
no 175 mm.

Kpome TOro, MOXHO oOTMe-
TWTb, uTo 6Gnarogaps npPasUIbHO
npou13BeeHHOMY noabopy cocTa-
Ba M MCMNOJIb30BaHWIO cCynepnia-
CTUdMKATOpa NOJyyeHHble BeToH-
Hble CMeCH OblM OLHOPOAHBIMMU,
6e3 MNpU3HAKOB pPAaCcCNOEHUs U
obnaganu Tpebyemoi ynoboyk-
NafblIBaeMOoCTbIO.

CpefHioto NNoTHOCTb 3aTBEpAEs-
LLMX MEeNIKO3EPHUCTbIX BETOHOB On-
penensnn Ha ocHoee paspaboTaH-
HbIX BETOHHbIX CMECEH, a TaK>Ke yc-
TaHaB/IMBIM WX MPOUYHOCTU MpPU
CXKaTWK U Ha PacTS>KEHUE NP U3ru-
6e B Bo3pacTe TBepaeHus 3, 7, 14 u
28 cyt (maba. 4.

PocT npouHocTH Ha pacTsiykeHue
NPy U3rMbe U Npu CXKaTuu MeJsIKo-
3epHUCTbIX BeTOHOB pa3spaboTaH-

57



CTPOUTENBHbIE MATEPUAbI N U3LESTNA

a 6
R, MMNa [—=—|3D-01 R, MMa
6,5 | 13D-02
A 70 -
55 4
60
4,5 4
50
35 1 40 1
2,5 X : 30 - *
0 3 7 14 28 T, cyr 0 3

—-=--13D-01
—=—13D-02
-~k |3D-03
-+~ 3D-04

14 28 T, cyt

Puc. 5. TecmoBeuii npoyecc
019 oyeHKu npu2odHocmu
6emonHol cmecu On5 neyamu

HbIX COCTaBOB C BO3pPacTOM MX
TBEPAEHUS NPELCTaB/EH Ha puc. 4.

M3 paHHbIX, nNpUBedEHHbIX B
ma6. 4, BUOHO, UTO NPU yBEUYe-
HWUWM BOJOBSXKYLLErO OTHOLUEHUS C
0,35 po 0,4 HabnogaeTcs 3aKOHO-
MEpPHOE  CHW)KEHWE  MPOYHOCTH
Me/IKO3EPHUCTbIX BETOHOB KaK Ha
pacTsyKeHue npu usrnbe, Tak 1 Npu
okatuu. [pu 3tom Haubosnbluee
3HaueHWe NPOYHOCTH NPH CXKaTUU B
Bo3pacte 28 cyt, pasHoe 74,5
MMa, umen 6etoH cocrtasa 13D-01 ¢
B/Bsxx =0,35u/Bsxx = 0,67, a
HaMMmeHbluee 3HadeHue 70,6 Mla
— GetoH cocrasa 13D-03 c
B/Bsx = 0,4 v Takum e I1/Bsx.

Temn Habopa NPOYHOCTH 3KC-
TPYAWPOBaHHbIX MENKO3EPHUCTbIX
BGeTOHOB pa3paboTaHHbIX COCTABOB
[IOBOJIbHO BbICOK, U WX MPOYHOCTb
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Puc. 6. HenpepoiBHoie skcmpydupo-
BaHHble 6emoHHbIe 1eHmb]

u3 mesnkozepHucmoul 6emoHHOoU
cmecu cocmaBa I13D-01

npu ckatuu B Bo3pacTe 3, 7 u 14
CYT COCTaBM/1a COOTBETCTBEHHO MO-
psiaka 50, 65 u 87 % npouHocTv B
Bo3pacte 28 cyt (cm. puc. 4).

Kputepusamu npurogHoctTv pas-
paboTaHHbIX MESIKO3EPHUCTbIX Oe-
TOHHbIX CMeCeW [/ia neyatu Ha
3D-npuHTEPE Cny>KaT WX crnocob-
HOCTb /IEFKO 3KCTPYAMPOBATbCA M3
nevararoLLen rofloBKu 1 obpa3oebl-
BaTb CrJIOWHYIO OETOHHYIO NIEHTY,
COXPaHSAoLWYO MPUIAHHYIO hopMy
nog, AENCTBUEM Harpy3Ku CO CTOpPO-
Hbl  BbILLEY/IOXKEHHbIX OETOHHbIX
cnoes. McnbiTaHus NpoBOAWAKCH C
nomolLbio nabopaTopHOro ycTpow-
cTBa COBCTBEHHOrO W3rOTOB/IEHUS
(cm. puc. 3). NpoBeneHue ucnbiTa-
HWM NoKasaHo Ha puc. 5.

Pesynbratbl  akcnepumeHTasIb-
HOW OLEHKM nedyaTHbIX CBOWCTB
pa3paboTaHHbIX MEIKO3EPHUCTbIX
BGETOHHbIX CMeceH NpeacTas/ieHbl B
mab. 5.

MNonyuyeHHble pe3ynbTaTbl NoKa-

MPOMBILLNEHHOE U TPAXOAHCKOE CTPOUTE/IBCTBO

Puc. 4. Ipagpuxu npoyHocmu Ha pacmscernue npu uszube (a) u npu cxcamuu (6) pazpabomaHHbIX MENKO3EPHUCMbIX
6emonoB Bo BpemeHu

3blBalOT, UTO U3 YeTbipex pa3pabdo-
TaHHbIX COCTABOB MEJIKO3EPHUCTbIX
OeToHHbIX cMecen 6osblie Bcero
npurogHa ans nedatv Ha 3D-npuH-
Tepe OeToHHas CMecb cocTaBa
I3D-01 (puc. 6), nockonbKy oOHa
NErKo 3KCTpyaMpyeTcs u obpasyer
HENPEPbIBHYIO BETOHHYIO NIEHTY C
[OCTAaTOYHO T/IafIKOW MOBEPXHO-
CTblO, CMOCOBHYIO COXPaHATb CBOIO
cdopMy nop pencTeueM cobCTBEH-
HOrO Beca W Beca BbliLLEYIOXKEHHbIX
GETOHHbIX C/I0EB.

B biBOABDI

1. MenkosepHuCTble GETOHHblE
cmecu ans 3D-neuvat Moryt 6biTb
M3roToB/IEHbI W3 [OCTYMHbIX BO
BbeTHame CbIpbeBbIX MaTepHasos,
Takux Kak noptnaHauemeHt PC40
npouseoactea 3asogda «byt CoHy,
HW3KOKasbLMeBas 3ona-yHoca TIC
«®a Jlal», MUKpPOKpeMHe3eMm
SF-90, peuHoW KBapLEBbIM NECOK C
mopynem kpynHoct Mk = 3,1, no-
nuKapboKcUnaTtHbIM  cynepniacTu-
dukatop 1 Boga.

2. Ha np1rofHocTb MENKO3epHU-
cTol GeTOHHOW CMecu ANS nedyatv
CWU/IbHO B/IMSIIOT BOJOBSDKYLLEE W
necyaHo-BsiXKylliee oTHoLleHUS. [Tpu
3TOM HaunyyLlWe pe3y/bTathbl B nia-
He NOJTyYEHHS CMIJIOLLHOM W FIafiKOM
oTneyaTaHHOW NOBEPXHOCTH BETOH-
HOW JiIeHTbl MOKa3ala CMeCb C
B/Bsx = 0,35 u N/Bax = 0,67,
cofiepyKallaa B coctase paspado-
TAHHOrO MHOFOKOMIMOHEHTHOrO BSi-
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JKYLLLEro Ha OCHOBE MopTiaHALe-
menTa 10 % no mMacce MUKpoOKpeMm-
Hesema U 20 % no Macce 30/bl-
yHoca.

3. KoHcucTeHuma menkosepHu-
CTON GETOHHOM CMECH, NMPUroHOM
nna 3D-neyatu, pomkHa obecneun-
BaTb Pacm/iblB KOHyCa Ha BCTPSXH-
BAlOLLIEM CTOJIUKE B [AMana3oHe OT
155 po 195 mm.

4. B pesynbtarte 3aTBeppeBaHus
3KCTPYAUPOBAHHDBIX  MENKO3EPHU-
CTbIX BETOHHbIX cMecei pa3pabo-
TaHHbIX COCTaBOB Obl/M NOYyYEHbI
GeToHbl CO CpeaHen MIOTHOCTbIO
2011—2137 kr/m3, c 28-cyTouHom
npoYHOCTbO npu ckatuu ot 70,6
no 74,5 Mla v Ha pacTsixeHue npu
uarudbe 5,49—6,4 MMMa. MpouHocTb
GETOHOB NPH CXKaThK B BO3pacTe 3,

7 v 14 cyT cocTaBWna COOTBETCT-
BeHHO nopsaka 50, 65 u 87 %
NPOYHOCTH B BO3pacTe 28 cyT.

ABmoper  cmameu  Beipaxcarom
6s1a200apHOCMb PYKoBodcmBy nabo-
pamopuu nod3emHo20 cmpoumeso-
cmBa XaHolcko2o eopHO-eeo102uqe-
CcKo20 yHuBepcumema 3a nomouwb 8
npoBederuu skcnepumeHmoB B pam-
Kax 0aHHo20 uccedoBaHus.
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