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BILIJINB TEXHOJIOITYOI'O PEKMY YIIIJIbBHEHHA
BETOHHOI CYMIIII 3 TOBABKAMH 30/IN1-YHOCA
I MIKPOKPEMHE3EMY HA MIIIHICTb BETOHY

Anomauisn. Posensnymo acnexmu posuwupenns cepu 3acmocy6anisi HeapMOSaHUX upoodis, 30Kpe-
ma, mpyo 3 docmamuiny NOKASHUKAMU MIUHOCMI, ni0meepoxceno 06 ekmusiy HeoOXioHicms po3pooKu
6i0n06ionux cKaadie Gemony ma mexnoiozii Yuiiohents, a maxkoxic HoMenKIamypu ma napamempis
dobasok. Y cmammi suxnadeno mendenyii maeumeHHﬂ xapaxmepucmux Miynocmi 6emony 3a paxynox
payionanisayii cnocobie yuwinvnenns bemony i3 3acmocysannsm gidxodia. Iliomeepdceno, wo Ons
mamepiany mpy6 neobxionum ¢ 3abesneuenis niosuwenoi mivnocmi eupody na posmse. Ilicas yuin,-
Hens € HeoOXIoHUM sudanenis Piounu 3 6emony, wo 3abesneuye MaKcumMaivie 30auncenns ma o6 €0-
HAMHHSL YACMUHOK Meepooi pasu. /s 6USHAUeHHS BNAUBY KOHCHOZ0 3 (harmopie doCHionenHs MiyHoCmi
bemony na poamsz euKopucmano memoo imepauiii. Posznsnymi cnocobu yuginvrenns 6emonnoi cymi-
wi, 610n06i0H0 00 0COONUBOCTMEL MA PEONOZIMHUX GAACMUBOCTNEL AKUX NPU YWLIOHENHT Peani3yiomvbcs
dea npunuunu: 6UOANEHHS 3ali6020 3ANYUEHOZ0 NOGIMPS MA HAOIUWKOBOT 600U 3 MALOPYXIUGUX i
HCOPCMKUX  CYMIULE 306HIUMNIM GNAUCOM MA GUOALCHH NOGIMPS 3 GUCOKOPYXAUCUX CYMIULE.
Ocobnusy ysazy npudiiuiu mexnoi0zii YuitoHens npecyeanisim, BaKYyyMyeansim ma eioposaxyymy-
gaHHsIM. 3pasKu 6emony, wo YuyiIoHeHUl NPecys8antsm ma 3i6p06a1cyymy3aHHﬂM sabesneuunu ooep-
HeanHs 6eMOHY NPAKMUUHO OOHAKOBOT CpYKMYpU 3 YuyinoHeHnsam Ycix cxnadosux. Hasedeno pesyav-
mamu eunpoGyeay, eAeKmMpOHHA MIKPOCKONIS eMEeHMHO020 KAMEHIO, penmzenozpamu, ompumani npu
Ppisnux cnocobax ywinonenns. 3agikcosano 36invienns cmynens KPUCMAIiuHOCMi 3a PaxyHox Giio-
woi weudxocmi docsznenns nepecuvenns piokoi gasu uemenmmnozo mecmy npu ziopamauii. ITpu
06pobYi pesynvmamic 0oCHiONHCeHb NPOBEOEHO PeZPeciinuil AHANi3, OMPUMAHO AHATIMUYHT MOOeLi NPo-
eHo3yeannss napamempie. Ompumano pesyivmamu, wo opibHo3eprucma 6emonna cymiu npu yuyizn-

Henni npecysannam 3abeaneuye nioeUWEeHIs MILHOCMI 3G YMOBU NPECYBANH UADAMIL.
Kniouosi cnosa: 6emon, mexnonozis, 006aska, 610x00u, MiHicmy, YuiivHenns.

Beryn
CporozHi BeJMKHI MOTEHLIaJl Ma€ TEHAEHId 10
onTuMizamii  mapamerpiB  OGeTOHHUX — BUPOOIB.

Po3BrBaOYKCh y OMY HAIPAMi, HEOOXIZHO MOKpAILLY-
BATH MOKA3HUKY MIITHOCTI GETOHY Tifl 9ac CIIPHTHATTSI
30BHIITHIX HaBaHTakeHb. [l posmupeHHs obJacti
3aCTOCYBAHHS HeapMOBaHMX BHMPOOIB 3 JOCTATHIMU
MOKA3HMKAMU MIIHOCTI icHy€ 00'eKTHBHA HeoOXiaHicTh
PO3pOOKK BiAIIOBIAHOI CKIaniB GETOHY Ta TEXHOJOTii
VIIIJIBHEHHS, @ TaKOX HOMEHKJATYpU Ta I[apaMeTpiB
nobGasok [1, 2.

AHaJli3 OCTaHHIX AOCSTHEHb Ta myOriKaii

MikpokpeMHe3eM 3aCTOCOBYETHCS SK BHUCOKOAK-
THBHA MiHepajbHa n00aBKa g0 OGeToHy i mementy [3] i
MPU3HAYEHA JIJIsT IPUTOTYBAHHS 6ETOHIB BUCOKHX KJIACiB
3a MIITHICTIO i MapOK BOIOHEITPOHUKHOCTI, a TAKOXK BUCO-
Koi KOpo3iitHoi cTifikocTi. 3oma-yroc 3miiBchkoi TEC —
TOHKOJMCIIEPCHUI MaTepia, 1O CKIAJAETHCSI 3 MIKPO-
CKOTIYHUX YACTUHOK PO3MiPOM BiJl COTUX YACTOK MiKpPO-
Ha 710 0,14 MM, 1110 yTBOPIOETHCS 3 MiHEPAJIbHOI YACTUHY
TBEPJIOTO TTaINBa. 3a J0TIOMOTOIO eJIeKTPOMIIBTPIB 30J1a
VJIOBJIIOETHCS 1 B CYXOMY CTaHi BiIOUPAEThCST 30J10B1/-
GipHuKaMu Ha BUPOOHUYI OTpeOU abo pas3oM i3 BOAOKO
Ta [IIJIAKOM ITyCKAETDCS HA 30JI0BiIBAM. 3071a-YHOC CKJIa-
JAETHCS B OCHOBHOMY 31 CKIAHUX CPePUIHUX YACTHHOK
3 Bapiallieio BMiCTy KaJbIiio Ta 3asisa [5-7].

IMocranoBka 3amau
BigmoBigHo 10 TpPOBEAEHWX MOCTIKeHb BaH-
nosioBebkoro AL ta FOnica B.M. [6, 7] mus martepiany
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Tpy6 HEOOXiAHUM € 3a0e3edeHH s MiABUIIEeHO0] MIIIHOCTI
marepiany Ha posrar (Rbt). Teoperuunomy o6rpyHTy-
BaHHIO OyJIO IJIaHO CII0COOM INBUINEHHS I1bOTO
[OKa3HMKA: BAOCKOHAJIEHHS TeXHOJIOrI (crnoci6 yiuinb-
HEeHHs), BapiaTUBHICTh CKJALY, 3aPOBA/UKEHHS edex-
TUBHUX L0OABOK.

Byau posrasnyTi criocobu yiuriabHeHHS GeTOHHOT
cyMilii, BiAOBIAHO 10 0COOJMBOCTEI Ta PEOJIOriYHIX
BJIACTMBOCTEH SIKMX MPU YIIJIbHEHHI peasi3yioTh [Ba
MPUHIUTINA: BUJIATIEHHS 3aiBOTO 3aJIy4eHOTO MOBITPs Ta
HA/ITTUTITKOBOI BOJIM 3 MAJIOPYXJUBUX i JKOPCTKUX CyMi-
el CUJIOBUM 30BHIIIHIM BIIJIMBOM Ta BUAJICHHS ITOBIT-
Ps1 3 BUCOKOPYXJIMBUX cyMiliteit [8, 9].

Buxsias ocHoBHOTO Matepiaiy

Texuosorist yurinbHeHHsT ipecyBaHHsaM. OgHUM i3
eeKTUBHUX METOJIB VIIIJIbHEHHS IPiGHO3EPHICTOrO
Getony € mpecyBaHHs1. [Ipu 1[bOMY METO/I 3HIIKYIOTCST
CUJI BHYTPIIIHBOTO TEPTs, B'SA3KICTh Ta CTPYKTypHA
MIIHICTD CYyMillli, B Pe3yJIbTaTi BeJIUKI 3epHa CyMIIIli PO3-
MIIYIOThCs HAWGLIbII MIiIbHO, A ITOPOKHEYl MiK HIMU
3aII0BHIOIOTLCS 1IEMEHTHUM PO3YMHOM. Y IIpolieci
yIiabHeHHs piakoi (asi (Boxa) BiOyBa€eThCs psijl mepe-
TBOPEHB. TpH mIapy y CTPYKTYpi piMHM: aacopOItiitHmii
(MmiIHO TIOB'sSI3aHA PiMHA y BUIJISA/ TTO/IBIHHOTO €JIeK-
TPUYHOTO MIapy); Audysiiiamii (PUxJI03B'sd3aHa piguHa
CTPYKTypoBaHa cjallle, HiX axcopOuiiiHuii); BigbHa
pinuna (Oyz0Ba BilIbHOI BOAM 3BUYAIHA - Y IIPOLIEC] Ipe-
CYBaHHsI Tpac POJIb MacTuaa, 3abe3nedyroun BiTbHE
nepeMileH s Ta 30JIMKeHHS YaCTUHOK TBepAoI (pasn).

[Ticst mpecyBanHst HeoOXiAHO il BUAAJIEHHS, MO
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Puc. 2. 3anmesxmicTs MirmocTi Ha po3TAr R, Bix THCKY IpecyBamms P:

1 B/I=05 2 B/I=04;3

3abeameuye MakcUManbHe 30IMKEHHS Ta 00'€IHAHHS
uepes aicopOIIiiiHy Ta PUXJIO3B'A3aHy PIAUHY YACTHHOK
TBep/oi (hasu. /I1d BusHaYeHHS BIIUBY KOKHOTO 3 (hak-
TOPIB JOCTI/UKEHHST MIITHOCTI GETOHY TIij{ 4ac pPO3TATY
MPOBOAUIOCI METOAOM iTepailil. Bucokuil piBeHb
VIIIJIbHEHHSI OETOHHOI CyMilli XapaKTepUsy€eThCs
koedimientom ymimbaeHHsa 0,98+1,0. lns nposenenns
BUNPOOYBaHb MIITHOCTI OETOHY, YIIIIBHEHOTO TIPECyBaH-
HsIM, OYB BUTOTOBJIEHHUIT ITYaHCOH, 110 BXOAUTD Y (hOpMY
«BiciMkny i3 3a3opom 1mm. Ilpu ymiispHeHHI BapioBa-
qumcest: B/IL, tuck P i toBumua miapis h. Pesyisratu
BUIpoOyBaHb mpejcraBieni Ha puc. 1. 3amesKHicTh
R,,~/(B/I1) npescrasiiena piBHSIHHIM perpecii:
R,= - 0.0649h?+1.6211h+37.35 (1)
BceranoBiieHO BIUIMB TOBIIMHK IIPECOBAHOTO IIAPY
Ta THCKY NMPeCcyBaHHA Ha MilHicTh GetoHy. BusnaueHo
061aCTh X ONTUMAJIBHUX 3HAYeHb (PUC. 2), B Pe3YJIBTaTI
OTPUMAHO PiBHSHHS PeTpecii:
R, ~=-0.4291P?+3.444P+39.507 (2)
TexHoJI0rIA YIIIPHEHHS BAKyyMyBaHHIM Ta BiOPO-
BaKyyMyBaHHSAM. 3BaKaloyM Ha Te, 110 METOJOM IIOlIa-

B/11= 0,65.

pPOBOTO TpecyBaHHs (AcOHHI YACTHHU BUTOTOBUTH
HEMOJKJINBO, JIOCJi/KEHO MOJKJIHMBICTH BUTOTOBJICHHS
TaKUX BUPOOIB 3 YIIIiIbHEHHIM OeTOHHOT cyMiri BiGparti-
€10, JITIST TOTO, 11006 MIIHICTH TPOBIOPOBAHOTO GETOHY BiJl-
MOBi/lala MIITHOCTI TIPECOBAHOTO, PO3TJISHYTA MOKJIU-
BiCTh BIGPOYIIIbHEHHS Y TIOEHAHHI 3 BAKYYMYBAHHSIM.

BiGpoBakyymyBaHHs1 3a0e3ledye TO3UTUBHI BJa-
cTUBOCTI GETOHY SIK IHTEHCHBHE 3POCTAHHS MII[HOCTI B
MOYATKOBHUH TepPiojl TBEPIiHHS, CKOPOYEHHS 4acy Ha
TEIJIOBY 00POOKY BUPOOIB, 3MEHIIEHHS METATOMICTKO-
cTi TexHomoriunoro obragHans tomo [8]. s yiinn-
HeHHd OEeTOHHMX CcyMillell aMmIuiiTyga KOJIHBaHb
3HaxonThesd B Meskax 0,340,7 MM 1Tpu 4acToTi KOIMBaHb
6rmsbko 3000 3a xBuimHy. Byso KoCIiIKeHO BILIMB
B/II Ta yacy BakyyMyBaHHs Ha MIL[HICTb IIPY PO3TALY-
BaHHi (puc. 3, 4).

Ha puc. 5 npencrasiiena eneKTpoHHa MiKPOCKOTIist
[IEMEHTHOTO KaMeHIO, 10 OTPUMAHO IIPU Pi3HUX CIIOCO-
Gax yuliJbHEeHHS GeTOHHOT CyMiIli.

IIpecrasiieti GoTo MOKA3YIOTh, 110 3pasKu GETOHY,
VIIiIBHEHOTO MPECYBaHHSAM Ta BiOPOBAKYyMYyBaHHSIM,
3a0e311euyIoTh OJlepKaHHsl GETOHY IPAKTUYHO OIHAKO-
BOI CTPYKTYPH 3 YIIIJIbHEHHAM YCiX CKJIaJI0BUX.

Takox GyJ10 IIPOBEIEHO PEHTIEHIBChKI HOCTiIKeH-
us (ycranoska [[POH-2,0 B BunpomintoBanni Cu, KOTpi

35



BYIIBEJIbHE BUPOBHUIITBO Ne72 2021

2 414

[+

m 3,96

o .-__

> 3,78

5

._

S 2 36

0

T 342

= 0,5 0,6 8/ 0,7
L

Puc. 3. Bruus B/11 Ha MiltHicTh Ha po3TSIT IPH YIIbHEHH] BIOPOBAKYYMYBAHHSIM:
1 TpuBasticTh BakyymyBaHHs 1 XB.; 2 — Te XK, 3 XB.; 3 — Te XK, 2 XB.

Puc. 5. EsekrporHa MikpOCKOIIisi IEMEHTHOIO KaMeHIO APiGHO3ePHUCTIX GETOHIB, YIIIIbHEHNX:
a) mpecyBaHHsAM, ) BIOPOBaKyyMyBaHHIM

MPOBOIMJINCH 3 METOIO BUSIBJIEHHS Ta ijeHTudikarii
KpHucTamiyHux (a3 B MpoyKTax rigparaiiii (puc. 6).

3a JIaHUMM PEHTTeHIBCbKOTO aHami3y (iKCYyeThCs
301JIbIIEHHS CTYIIEHs] KPUCTAIIYHOCTI Ta BMICTY IIOPT-
JIAHJUTY 3a PaXyHOK OLIBINOT IMBUAKOCTI JOCSTHEHHS
repecyeHHs piikoi (hasu IEMEHTHOTO TeCTY TPH Tijipa-
tarii. Y Tabs. 1 mpeicraBieHi pe3yJbTATH TOYHOCTI
BUMipoBaHb Rbt Ta BeJMUYMHU BiAXUJIEHD MPU YIIiJib-
HEHHI 3pa3KiB 6ETOHY METOJIOM TIPECYBaHHsI Ta BiGpoBa-
KyyMyBaHHS.
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Bucnosku. IIpu 06po6iii pe3yJibratiB J0CTi/KeHb
IPOBEIEHO PErpeciiinmii aHamis, K J03BOINUB 3pOOUTH
BUCHOBOK, 10 ApiGHO3epHUCTa GETOHHA CyMIll MpPH
VIIiIbHEHH] [IPeCYBaHHAM 3a0€e31euye MiABUIIEHHS Mill-
HOCTi 32 YMOBH [TPECYBAHHS TITAPAMH 3aBTOBIITKHU 446 MM.
JlocizkeHHsT YITITbHEHHS BaKyyMYBaHHSM JI03BOJISIE
eKCTparyBati 10 35% BOAW 3aMilllyBaHHS 1 3MEHIINTH
suxigue B/11=0,65 no B/11=0,3540,4. Enexrporna mik-
POCKOITiSI Ta PEHTTEHIBChbKIIT aHAJ3 TIOKA3aJIU YIIiJIbHe-
HY CTPYKTYPY BCIX CKIaJ0BUX OETOHHOI CyMIlIIi.
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Puc. 6. PentreHorpaMut eMEHTHOTO KaMEHIO APiGHO3epHUCTIX GETOHIB, YIIIIBHEHUX PI3HUMU CIIOCOOAME
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Ta6muus 1.
ITokasuuku TOUHOCTI BUMIPIOBaHbL Rb ti BEJIMYKMHU BiAXUIEHb MPH PI3HUX CMOCOOAX YIIIbHEHHS
Homep BumiproBanHs MiuHicTb Ha PO3TST, Kr/CM’
ITI 211 311 4B 5B 6B

1 37,99 38,45 37,68 4523 41,67 38,41

2 47 32 45,64 43 97 43,72 40,25 39 38

3 42 08 40,74 40,36 43 93 39,11 34,50
CepennasoapubmeTHuHe 42.46 41,61 40,67 4429 40,34 37.43
3HAYEHHS
Jucnepcis () 21,80 13,46 9 83 0,65 1,63 6,65
CepenHboKBaApaTHUHE 4,67 3,67 3,14 0,81 1,28 2,58
BIAXWUJIEHHS G
Bapiawis (Ks), % 10,99 8,81 7,72 1,82 3,17 6,89
Cepennboapupmernune 2,69 2,11 1,81 0,46 0,74 1,48
CepeaHbOKBAAPATHYHOTO
BIOXUIIEHHS Go

6,35 5,07 445 1,03 1,83 3,97

TokasHuk TOYHOCTI (£),%
Meski JOBIpUOTO 1HTEPBAIY 11,56 9,07 7,78 1,97 3,18 6,36
Mcr

Ipumitka: 111, 211, 31T 3paski, 10 YIILHIOIOTHCS METOIOM TTPECYBAHHST 3 TOBIUHOIO YIIIbHEHOTO TTapy 3; 5; 10 Mm;
4B, 5B, 6B 3paski, 1110 YIIIBHIOIOTHCS METOIOM BiOPOBaKYyMYyBaHHs 3 4acOBUM iHTepBasioM 1; 2; 3 xB.
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THE INFLUENCE OF THE TECHNOLOGICAL MODE OF COMPACTION
OF CONCRETE MIXTURE WITH FLY ASH AND MICROSILICA ADDITIVES
ON THE STRENGTH OF CONCRETE

Abstract. The aspects of expanding the scope of application of non-reinforced products, in particular,
pipes with sufficient strength indicators, were considered, and the objective necessity of developing
appropriate concrete compositions and compaction technology, as well as the nomenclature and param-
eters of additives, was confirmed. The article outlines the trends of increasing concrete strength charac-
teristics due to the rationalization of methods of concrete compaction with the use of waste. It has been
confirmed that for the material of the pipes it is necessary to ensure the increased tensile strength of the
product. After compaction, it is necessary to remove the liquid from the concrete, which ensures maxi-
mum convergence and unification of the particles of the solid phase. The method of iterations was used
to determine the influence of each of the factors of concrete strength research on tension. Considered
methods of concrete mixture compaction, according to the features and rheological properties of which
two principles are implemented during compaction: removal of excess entrapped air and excess water
Jrom low-mobility and rigid mixtures by external influence and removal of air from high-mobility mix-
tures. Special attention was paid to the technologies of compaction by pressing, vacuuming and
vibrovacuuming. Samples of concrete compacted by pressing and vibrovacuum ensured the production
of concrete of almost the same structure with compaction of all components. Test results, electron
microscopy of cement stone, radiographs obtained with different methods of compaction are presented.
An increase in the degree of crystallinity was recorded due to the higher speed of reaching the supersat-
uration of the liquid phase of the cement test during hydration. When processing the research results, a
regression analysis was performed, and analytical models for predicting parameters were obtained. The
results were obtained that the fine-grained concrete mixture when compacted by pressing provides an
increase in strength under the condition of pressing in layers.

Key words: concrete, technology, additive, waste, strength, compaction.
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