YK 624.012.45

BIVIMB MNIABUIIEHUX OJHOPA3ABUX TA NOBTOPHHX
TEXHOJIOTTYHUX TEMIIAPATYP HA MIIHICHI BJACTHUBOCTI
BAJKKOI'O BETOHY

INFLUENCE OF ELEVATED SINGLE AND REPEATED
TECHNOLOGICAL TEMPERATURES ON THE  STRENGTH
PROPERTIES OF HEAVY CONCRETE

T'omon C.C., a.T .H., mpod., ORCID ID:0000-0003-2080-565@inuyk M.C., K.
T. H., aon., ORCID [D:0009-0000-0972-7183IBopsincekuii 1. C, crymeHT,
ORCID ID:0009-0007-4856-6432 (HarioHajbHUiI  yHIBEPCUTET  BOIHOIO
rOCIIOIAPCTBA Ta IPUPOJOKOPUCTYBAHHS, M. PiBHE)

Gomon S.S,, doctor of technical scisences, profesginshuk M. S, candidate of
technical sciences, associate professawpryansky |. S., student, (National
University of Water Management a&shvironmental Engineering, Rivne)

Baxkuii 0eTOH € OJHMM 3 OCHOBHHX OyaiBeJbHHX MaTepiadiB, 1o
BUKOPHCTOBYEThbCS [JIsl CTBOPEHHSl KOHCTPYKWiil pi3HMX THHIB, 30kpeMa i
KOHCTPYKIIii , iKi NIpaIOlTL B YMOBaxX TeXHOJIOriYHOro HarpiBy. B crarri
HABEeJECHO  Ppe3yJbTaTH  eKCIEePHMEHTAJIBHHUX  JOCTKeHb  BILIUBY
TEXHOJIOTIYHOT0 OJHOPA30BOr0 KOPOTKOYACHOI0 YW TpuBajioro (Majio
HHKJIOBOI0) HATPiBaHHS HA MOBEMIHKY Ba)KKOro 0eTOHY 3a /il KOPOTKOYACHHX
Ta NOBTOPHHUX CTHCKAIOYNX HABAHTAXKEHb.

Heavy concrete is one of the main building materials used to create structures
of varioustypes, including structuresthat operate under technological heating
conditions. The article presents the results of experimental studies of the
influence of technological single short-term or long-ter m (low-cycle) heating on
the behavior of heavy concrete under the action of short-term and repeated
compressive loads.

A reliably estimated stressed-defor med state of structuresand materialsduring
design, in their operation under various oper ating conditions, makesit possible
to meet technical, operational and economic requirementsfor them.

The problem of studying long-term processes in concrete and reinforced
concrete consists of three tasks:

1. Reliable study of all processes occurring in concrete and reinfor ced concr ete
during their operation and identification of all the numerous factors that
influencetheir development.

2. Disclosur e of the essence of the cour se of these processes.
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3. Description of the course of processes using mechanics and mathematics in
time under a variety of external and internal conditions and deter mination of
their influence on the stressed-deformed state of concrete and reinforced
concr ete elements.

Experimental studies were conducted on concrete prisms aged 90 days. The
average strength values were determined for at least three samples. The
longitudinal and transver se aver age defor mations of concr ete wer e deter mined
on the four sides of the prism using IMI1G indicators.

Loading of test specimens with axial external load was carried out on a
universal press PSU-250. Heating of concrete specimens was carried out in
single-section special-pur pose ther mal chamber s with an automatic system for
measuring and recording temperaturesat 12 points of the chamber.

The values of the average strength of concrete deter mined under the action of
short-term loading at a temperature of 200C were taken as reference. The
strength of heavy concrete under the action of short-term compression was
tested in a heated state to 60, 120, 200 and 3000C. Studies have shown that the
strength of concrete at a temperature of 600C decreased by 4%, at a
temperatur e of 1200C - by 20%, at a temperatur e of 2000C - by 28% and when
heated to 3000C - by 36% of theinitial aver age value of the strength of concrete
established at a temperature of 200C. In the cooled state after heating to 120,
200 and 3000C, the strength of concrete decreased by 28%, 26% and 30%,
respectively. It can be concluded that experimental testing of heavy concrete
under random or constant (periodic) exposure to technological (elevated)
temper atur es negatively affectsthe strength, defor mability of the material, and
destructive characteristics.

KurouoBi ciaoBa: Bakkuii OeTOH, 3BOJIOXKEHHS, KOPOTKOYACHI HaBaHTa)KEHHS,
CTPYKTYPHI HaIpyKEHHS.
Heavy concrete, moisture, chort-term loads, strat&tresses.

Beryn. Y rpyni KOHCTPYKIIH 3 BaKKOTO OETOHY BEJIMKA KiUIBbKICTh €JICMEHTIB
NPOMHUCIIOBUX OyniBeNb 1 CHOPYX TpamiolOTh B yYMOBaxX BHIAJKOBOTO YU
NEepIOANYHOTO OJHOCTOPOHHBOTO KOPOTKOYACHOTO, TPHBAJIOTO YH IEPIOANYHOTO
TEXHOJOTiYHOro HarpiBy [1-6]. JocToBipHO OLiHeHHUIT HAPy)eHO nedhOopMOBaHUI
CTaH KOHCTPYKIIH Ta MaTepiaiiB NpH NMPOEKTYBaHHI, B poOOTI IX 3a pi3HHX YMOB
eKCITTyaTallii, 1a€ MOMJIMBICTh 3aJOBOJBHATH TEXHIYHUM, CSKCIUTyaTAIlIHHUM Ta
€KOHOMIYHUM BUMOTaM 10 HHX..

[TpoGiemMa BUBUYECHHS TPUBAJIHMX MPOIIECIB B OETOHI Ta 3a1i300€TOHI CKIIAAA€ThCS
3 TPHOX 3aJad:

1./TocToBipHE BUBYEHHS BCiX MPOIIECiB, IO TIPOXOIATH B O€TOHI 1 3a1i300€TOH1
B TIpoIieci iX poOOTH Ta BUSABJICHHI BCiX 0aratounceIbHUX (QaKkTopiB, sIKi BIUINBAIOThH
HAa IX PO3BUTOK.

2.POo3KpHTTS CyTi MPOXOPKEHHS X HPOLIECIB.
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3.0mnwuc npoXoKSHHS MPOLECIB 32 JOMOMOTOK MEXaHIKU Ta MAaTEMAaTUKU B
gaci 3a pi3HOMaHITTS 30BHIIIHIX Ta BHYTPINTHIX YMOB Ta BU3HAYSHHSI 1X BIUTMBY Ha
HanpyXeHo-aeGopMoBaHHiA cTaH OSTOHHHUX Ta 313006 TOHHUX €JIEMEHTIB.

OTmKe [yist BUSIBIICHHS BILTHBY ITiJBHIICHUX TEMIIEpaTyp Ha 3MiHY HaIpy>KeHO-
neopMoBaHOrO cTaHy B 3TMHAIBHHUX, CTUCHYTHX YH CTHCHYTO-3THHAIBHUX
313006 TOHHUX elleMeHTaX HEeOOXiTHO CIMOYaTKy JTOCKOHAJIO BUBYWTH LIEH BILIHB
Ha (i3MKO-MeXaHiuHi BJACTHBOCTI OETOHY.

Cran nurtaHHs. 3MiHa Hanpy)XeHO-IeOpMOBAaHOTO CTaHy OeToHy 1 Horo
(hi3uKO-MEXaHIYHUX BIACTHBOCTEH 3a J1iI KOPOTKOYACHOTO HABAHTAXKEHHS B BEJMKIN
Mipi 3aJIeKUTH 1 BiJI TEMIIEPAaTypH CEPEIOBHUINA, B SKOMY BiH mpartoe. [TinBumeni
TEMIIEpaTypH BHUKJIMKAHI TEXHOJOTIYHHMHU TMIPOIIeCaMH HarpiBalOTh OETOH i
CIIPUYUHSIOTh 3MIHY BHYTPINTHBOCTPYKTYPHOTO HAmpyKeHO-Ne(hOpMOBaHOTO
cTaHy O€TOHY BHKIMKAHOTO UM siBuIeM [2,3,5,6].01H0UaCHO 3 IIMMU [TpoLIecaMu
MPOXOIUTh PYHHYBaHHS OJHHX Ta CTBOPEHHS IHIMUX (i3MKO-MEXaHIYHUX Ta
(hi3MKO-XIMIYHHX 3B’ SI3KIB Mi’K PO3YMHOM Ta 3alOBHIOBAYEM, PO3UNHOM Ta BOJIOIO.
Jlume xiMiuHI 3B’S3KH JIMIIAOTHCS HE3MIHHUMH. Lle i MpHBOAWTH O 3MiHU
BJIACTHBOCTEH KalJIIPHO-TIOPUCTOTO Tija OETOHY.

Mertoauka pgociaitkeHb. beToHHI 3pa3kM TPU3M BHTOTOBJIEHI Ha 0asi
rpanitHoro mebeHio KieciBchkoro kap'epy 3 00 eMHOK Macor pPy,=1,34r/m3
¢dpakmii 5-20mM. B OeToHHI# CyMill BUKOPHCTaHHA OyB TaKOX MCOK KBaPIIOBUI
JpiOHO3EepHUCTHI 3 MoaysieM KpymHOocTi M=1,22Kocrominecbkoro kap’ epy — 700
kr/m® | moprianaineMedT BAT «Boswuae-llement» aktuHicTio 500 Ta BOma
Bozonposigaa — 200m1/m°.

BunpoOyBaHHS moCTHigHWX 3pa3KiB 3 BaKKOro OETOHY Yy BHIILAI KyOiB
po3mipamu 10x10x10cm ta mpmsm - 10x10x40cm mpoBouiocs 3 ypaxyBaHHIM
CYMICHOT Z1if KOPOTKOYaCHOTO HaBaHTa)KeHHs Ta Temneparyp y Biui 90 ni6. Cepenni
3HAYCHHS MIIIHOCTI BU3HAYAIOCS HE MEHIIE SK MO TPHOX 3pa3kax. [1oB3MOBKHI Ta
MOTIEPEYHI cepelHi aedopmarii OSTOHY BH3HAYAIUCS MO YOTHUPHOX CTOPOHAX
MPU3MH 32 IOTIOMOTOt0 iHanKaropis IMUT .

3aBaHTaXCHHS JOCIITHUX 3pa3KiB OCBOBHM 30BHIIIHIM HABaHTAXCHHIM
3aidCHIOBAIOCS Ha yHIBepcanbHOMY mpeci IICY-250.HarpiBanHs 66 TOHHHX 3pa3KiB
HPOBOJMIIOCS B OJHOCEKIIHHUX TEPMOKaMepax CIHeLialbHOro Npu3HaueHHs [7] 3
ABTOMATHYHOIO CHCTEMOI0 BHMMIDIOBAaHHs Ta 3amucy Temmeparyp B 12 Toukax
kamepH (puc .1) Takox TepMOKaMepH MajlH i aBTOMaTHIHY CHCTEMY PETYIIIOBAHHS
3amanoi TeMueparypu (puc.2).

PesyabraTi nocaimkenb. ExcnepuMmeHTansHi  BHNPOOYBaHHS  TOCIIIHHX
3pa3KiB 3 BaXKoro OeToHy, mio OyiM mpoBemeHI 3a Jii KOPOTKOYACHOTO
HaBaHTaxenus 3a Ttemneparypu 2(°C mokaszanu cepeiHIO MilHICTH OETOHY
f, =28MPa.Lli 3nauenHs Oyau NPHITHATI K CTATOHHI.

MinHicTh BaXKoTo OETOHY 3a Jii KOPOTKOYACHOTO CTHCKY BHIIPOOYBaHOTO B
Harpitomy ctasi 1o 60, 120, 200ra 30°C 3menmmnacs. Tak MinHicTs GeTOHY 3a
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temnepatypu 6(PC 3menmmnacs Ha 4%, 3a Temneparypu 120°C - na 20%, 3a
temnepatypu 200°C — na 28% i npu Harpisanni 10300°C 36% Bix mo4aTKOBOrO
cepeHbOro 3HAYEHHs MIlIHOCTI 6eTOHY BecTaHOBNeHOro 3a Temmnepatypu 20°C.
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Puc. 1. OpHocekuiitHa TepMoKaMepa AJisi BAPOOYBaHHSIIPHU3M 3 BaKKOTO OETOHY

Vaﬂ

Puc.2. ABroMaTndHa CHCTEM PEryJIIOBaHHS TEMIIEPaTypH

B oxosomkeHoMy cTai micis HarpiBanHs o 120, 200ta 300°C minmicTs
OetoHy 3MeHITIIacs BinmoBinHo Ha 28%, 26%ra 30% .Jlns Baxkkoro OETOHY, IO
BUNPOOOBYBaBCS HA COPOKOBHIA JIeH Tricis Harpisanus 10 120PC, minHicTh GeToHY
smenmmacs Ha 8%, o 20PC —na 5%, a 3a Temnepatypu 300°C 36inpmunacs Ha
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3% y mopiBHAHHI 3 BIANOBIZHUME 3pa3kaMH, 110 BUIPOOOBYBAJIHCS B Harpiromy
CTaHi.

IIpu3MoOBY MIITHICTh Ba)XXKKOTO OETOHY 32 KOPOTKOYACHOTO HArpiBaHHSA TNPHU

poOOTi Ha OCHOBHI CTUCK MOKHA BU3HAYATH 32 (POPMYIIOI0

fl,ck = ytrl fck' (1)
uxotiyanit TeMnepaTypHuil BIUIMB HA MIIHICTD Ta Ae(OPMaTHBHI BIaCTHBOCTI

GeToHy nociimKyBamucs 3a Temnepatyp 60, 120,;ra180°C. nocninni 3pasku gecartb
pasiB HarpiBanmcs Ta oXoJomKyBanucs npotaroM 10 mib, a micis oJuHAALATOTO
IUKJTy HarpiBaHHS OyJIn 3aBaHTa)KeHI Ta 3pyHHOBaHI OCLOBUM CTHCKOM. [Ipn3moBa
MIIHICTh OCTOHY B OXOJO/KCHOMY CTaHI MICNIS JECSITH IUKIIB HarpiBaHHs-
oxonoKkeHHs 10 Temueparyp 60, 120ra 18(F°C smenmmunace Bignosinso a 10, 13
ta 11% B TOpIBHAHHI 3 TPU3MOBOIO MIIHICTIO OETOHY 3a HOPMAaTBHHX
TEeMIIEPaTyPHO-BOJIOTUX YMOB.

IIpuzMoBa MIIHICT, Ba)XKOTO OETOHY TMICNIA NHMKJIIYHOTO HArpiBaHHSI B
HarpitomMy crtani 3a Temmeparyp 60, 120ta 180FC BinpisHAIOTbCS Bix 3HAaYeHb
OTPHUMAaHHUX B OXOJIOPKEHOMY CTaHI B MEHIITY CTOpOHY 1ie Ha 7, 9ta 15%.

[uxyoBa mist MiABMINEHHX TEMIIEPAaTyp TaKOXX HEraTHBHO BIUIMBAaE Ha
nedopmaruBHicTh Baxkkoro 6etony. Tak nedopmarii BaXkoro OETOHY B HarpiTomy
crani 3a 60, 120ra 18(PC micna 10 uukiIiB HarpiBaHHs, 36LIBIIMINCE BifIOBIIHO B
1,3; 2,0ra 1,7 pa3u B nopiBHAHHI 3 AedopMamnisMu 3pa3KiB, SKi HE HarpiBaJUCs.

IuknoBa mist MOBTOPHUX HaBaHTa)KEHb B KUTHKOCTI 10-TH IIUKIIIB HArPITOTO IO
12C Bakkoro OeToHy 3HMXKye Horo Mimicts g0 8% 3a poboumx piBHIB
MPUKJIAACHHS 30BHIIIHBOTO HABAHTAXKEHHS

n=03-06)f- 2)

TakuM 9UHOM MOYXHA 3pOOUTH TiICYMOK, 110 EKCTIEPUMEHTANIbHI BUTIPOOYBAaHHS
BA)XKOT0 OETOHY 3a BHIIAJKOBOI YM IOCTIHHOI (Hepiommdnoi) il TEXHOIOTIYHUX
(mimBULIEHHX) TeMIepaTyp MOKa3allH, IO Jis MiIBHIICHHX TEMIEpaTyp 3MEHIIYe
MIIHICTD, MiABHINYe nedopMaTUBHICTH Marepialy Ta 3MIHIOE JECTPYKTHBHI
XapaKTEePUCTHKH.

BucnoBku. 1. Jlis migBUINEHMX TeMIEpaTyp 3MEHIIYE MIlHICTh Ba)KKOTO
OeroHy, miaBHIIye neOpMATHBHICTE MaTepialy Ta 3MIHIOE JIeCTPYKTHBHI
XapaKTePUCTHUKH.

2. MiuHicTs OETOHY B OXOJIOPKEHOMY CTaHi IMiC/s ASCATH [UKIIIB HArpiBaHHS-
oxonomkenHs 1o Temneparyp 60, 120ra 18FC smenmmnace ianosinHo Ha 10, 13
ta 11% B TOpIBHAHHI 3 TPU3MOBOIO MIIHICTIO OETOHY 3a HOPMAaIbHHX
TEeMIEePaTYpHO-BOJIOTUX YMOB.
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