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Baxxkmnii 0eTOH € OJHUM 3 OCHOBHHMX OydiBeJILHHX MaTepiajgiB, 10
BUKOPHMCTOBYETHCH /JIsi CTBOPEHHH KOHCTPYKUi Pi3HMX THIIB, 30KpeMa i
KOHCTPYKUIIH , AIKI MPalKTh, B YMOBAX TEXHOJIONIYHOro HarpiBy. B crarTi
HABECHO  Pe3yJbTAaTH  CeKCHEePMMEHTAJBHUX  JOCHI)KeHb  BIUIMBY
TEXHOJIOTIYHOI0 OJHOPA30BOr0 KOPOTKOYACHOTO0 YH TPHUBAJOro (Majo
HHMKJI0BOI0) HATPiBAHHS HA MOBEJIHKY BAKKOIr0 0€TOHY 32 il KOPOTKOYACHHUX
Ta NOBTOPHUX CTHCKAYUX HABAHTAKEHb.

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

A reliably estimated stressed-deformed state of structures and materials during
design, in their operation under various operating conditions, makes it possible
to meet technical, operational and economic requirements for 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 reinforced concrete
during their operation and identification of all the numerous factors that
influence their development.

2. Disclosure of the essence of the course 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 determination of
their influence on the stressed-deformed state of concrete and reinforced
concrete 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 transverse average deformations of concrete were determined
on the four sides of the prism using 1MIG 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-purpose thermal chambers with an automatic system for
measuring and recording temperatures at 12 points of the chamber.

The values of the average strength of concrete determined 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
temperature of 1200C - by 20%, at a temperature of 2000C - by 28% and when
heated to 3000C - by 36% of the initial average 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)
temperatures negatively affects the strength, deformability of the material, and
destructive characteristics.

KuarwuoBi cjoBa: Baxkuii OCTOH, 3BOJIOKEHHS, KOPOTKOYACHI HaBaHTa)KCHHS,
CTPYKTYPHI HAPY>KEHHSI.
Heavy concrete, moisture, chort-term loads, structural stresses.

Beryn. Y rpyni KOHCTPYKIIH 3 BaKKOTO O€TOHY BEJIMKAa KUTbKICTh €JIEMEHTIB
IIPOMUCIIOBUX OyJiBeNIb 1 CHOpPYA MpaIloloTh B yMOBax BHUIAJAKOBOTO YH
NEePIOJIMYHOTO OJTHOCTOPOHHBOI'O KOPOTKOYACHOT'0, TPUBAJIOTO UM TEPIOJUYHOTO
TEXHOJIOTTYHOro HarpiBy [1-6]. JlocTOBIpHO OlLIHEHUH HAMpPYKEHO J1ePOopMOBaHHUIA
CTaH KOHCTPYKIIIM Ta MaTepiajiiB MpH MPOEKTyBaHHI, B poOOTI iX 3a PI3HUX YMOB
eKCIuTyaTallii, 1a€ MOXKJIUBICTh 3aJIOBOJIBHATH TEXHIYHUM, EKCIUTyaTallliHUM Ta
€KOHOMIYHUM BUMOTaM JI0 HUX..

[Ipo6GeMa BUBYEHHS TPUBAJIUX MPOIIECIB B OETOHI Ta 3a/11300€TOH1 CKJIaa€ThCS
3 TPHOX 3a/1a4:

1. JlocToBipHE BUBYEHHS BCIiX IIPOIIECIB, 110 IPOXOIIThH B OETOHI 1 3a11300€TOHI
B MpOIIEC] X poOOTH Ta BUSBIIEHHI BCiX OararouncenbHux (PaKTopis, siKi BIUTUBAIOTh
Ha 1X PO3BUTOK.

2. PO3KpUTTA CYT1 NPOXOKEHHS IIUX MPOIIECIB.
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3. Onrc mpoxoHKEHHS MPOIIECIB 3a JIOMTOMOTOI0 MEXaHIKH Ta MAaTEMaTHKH B
Yaci 3a piI3HOMAHITTS 30BHIIIHIX Ta BHYTPIIIHIX YMOB Ta BU3HAYECHHSI 1X BIUIUBY Ha
HaIpyxeHo-1e(opMoBaHMil cTaH OETOHHUX Ta 3aJ11300€TOHHUX €JIEMEHTIB.

OTxe 15 BUSIBJICHHS BIUIMBY IIABUILIEHUX TEMIIEpATyp Ha 3MIiHY HAIlpy>KEHO-
neOpPMOBAHOTO CTaHy B 3THHAIBHHUX, CTUCHYTHX YHM CTHCHYTO-3THHAJIBHUX
3a11300€TOHHHUX €JeMEHTaX HEeOOXITHO CMOYaTKy JOCKOHAJIO BUBYHUTH 1€ BIUIMB
Ha (13MKO-MEXaHIYH1 BJACTUBOCT1 OETOHY.

Cran nuTa”Hs. 3MIHAa HampyXeHO-1e(QOpPMOBAHOTO CTaHy OETOHY 1 HOro
(h13UKO-MEXaHIYHUX BIACTUBOCTEH 3a 11 KOPOTKOYACHOTO HABAHTAKEHHS B BEJIUKIN
Mipi 3aJI€KUTh 1 BiJl TEMIEPAaTypyu CEPEIOBHUIIA, B IKOMY BiH mpaiftoe. [liaBuiieni
TEMIIEpAaTypy BHUKJIWKAHI TEXHOJOTIYHUMU TIPOIIECAMHU HArpiBarOThb OETOH 1
COPUYMUHSIOTH 3MIHY BHYTPIIIHBOCTPYKTYPHOI'O HaIpy>KeHO-1e(pOopMOBaHOTO
CTaHy 0E€TOHY BUKJIMKAHOIO UM siBUIIEM [2,3,5,6]. OqHO4YacHO 3 IUMU IIpoIlecaMu
MPOXOAUTh PYHHYBAaHHS OJHUX Ta CTBOPCHHS I1HIMX (HI3UKO-MEXaHIYHUX Ta
($13UKO-XIMIYHUX 3B’A3KIB MK PO3UMHOM Ta 3aMIOBHIOBAYEM, PO3UMHOM Ta BOJIOIO.
Jlume XimiyH1 3B’SI3KM JUIIAIOTHCS HE3MiHHMMH. l[le 1 mpuBOIUTH 10 3MIHU
BJIACTUBOCTEN KaMJISIPHO-TIOPUCTOTO Tijia OETOHY.

MeTtoauka aocjigkeHb. beToHHI 3pa3ku TpW3M BUTOTOBJIEHI Ha 0asi
rpaniTHoro mebenro KieciBebkoro kap’epy 3 00°eMHOI Macow p,=1,341/m>
¢dpaxuii 5-20 mm. B GeTonHI# cyMmilll BUKOPUCTaHHUM OyB TaKOK MICOK KBaplIOBUN
JpiOHO3epHUCTUM 3 MoyJieM KpynHOcTI M=1,22 KocToninbchkoro kap’epy — 700
Kr/M° noptiananeMeHT BAT «Bomusb-llement» aktuBHicTiO 500 Ta BOma
BozonposigHa — 200 /M3,

BunpoOyBanHs AOCHIAHMX 3pa3KiB 3 BaXXKOro OETOHYy Yy BHIJISAL KyOiB
po3mipamu 10x10x10cm ta mpusm - 10x10x40cm npoBoamiiocs 3 ypaxyBaHHSIM
CYMICHOI JIii KOPOTKOYaCHOTO HaBaHTaKEHHsI Ta TemIrepatyp y Biri 90 m1i6. Cepenni
3HAQYECHHS MIIHOCTI BU3HAYAIOCS HE MEHIIE 5K IO TPhOoX 3paskax. [ToB3goBxkHI Ta
nonepeyHi cepenni nedopmariii 6€TOHY BU3HAYAIKCS 1O YOTUPHOX CTOPOHAX
OpU3MHU 32 JOTOMOT OO0 1HauKaropis 1MUAT'.

3aBaHTa)XXEHHsI JOCIIJHUX 3pa3KiB OChOBUM 30BHIIIHIM HaBaHTAKEHHSAM
3aiicHIoBasocs Ha yHiBepcanibHoMy nipect [ICY-250. HarpiBanHst 06 TOHHUX 3pa3KiB
MPOBOJMIIOCA B OJHOCEKIIIHUX TepMOKaMepax CHeIialbHOro mpusHadeHHs [7] 3
ABTOMATHUYHOIO CHCTEMOIO BHUMIpPIOBAaHHS Ta 3alucy TeMmiepaTyp B 12 Toukax
kamepu (puc .1) Takoxx TepMoKkaMepu Majiu 1 aBTOMATHUHY CUCTEMY PEryJIIOBaHHS
3a/1aHoi TeMrneparypu (puc.2).

PesyabTatu faociaimkeHb. ExcnepuMeHnTtanbHl BUMPOOYBAaHHS  JOCIITHUX
3pa3KiB 3 BaXKOro OCETOHY, IO OyJW MpOBEICHI 3a il KOPOTKOYACHOTO
HaBaHTaXeHHs 3a Temneparypu 20°C mokazanu cepemHio MilHiCTh GeToHy
f., =28MPa. i 3Ha4eHHS Oy MPUHHSATI SIK €TaJIOHHI.

MIilHICTh Ba)XKOT0O OETOHY 3a J1i KOPOTKOYACHOTO CTHUCKY BHUIPOOYBAaHOTO B
HarpitoMmy crani g0 60, 120, 200 ta 300°C 3menmmnacs. Tak MilHiCTh OETOHY 32
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temneparypu 60°C 3menmmnacs Ha 4%, 3a temmeparypu 120°C - ma 20%, 3a

temneparypu 200°C — na 28% i npu narpisanni 10300°C 36% Big MoYaTKOBOrO
CEPEIHBOr0 3HAUYEHHS MILIHOCTI OETOHY BCTaHOBJIEHOTO 3a Temueparypu 20°C.
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Puc.2. ABromaTnyHa CUCTEM PETYIIOBAHHS TEMIIEPATYPH

B oxonomkeHomy cradi micns HarpiBanus mo 120, 200 ta 300°C minmicTs
OeToHyY 3MeHIMIacs BinoBiaHO Ha 28%, 26% Ta 30% . [{ns Bakkoro 6eToHy, M0
BUIIPOOOBYBABCSA Ha COPOKOBHIA JIEHb Tmiciis HarpiBanHs 10 120°C, minHicTs 6eToHy
smeninuaacs Ha 8%, 1o 200°C — na 5%, a 3a remneparypu 300°C 36inbmmnacs Ha
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3% y MOpiBHSHHI 3 BIAMOBIAHUMH 3pa3Kamu, 110 BUIPOOOBYBAIUCS B HArpiTOMYy
CTaHi.

[Ipu3MOBY MILIHICTh Ba)XKOro O€TOHY 3a KOPOTKOYAaCHOI'O HarpiBaHHsS IpH
po0OOTI Ha OCLOBUI CTUCK MOKHA BU3HAYATH 32 (HOPMYJIIOIO

ft,ck :7bzfck‘ (1)

[ukiyHUE TeMiepaTypHUl BIUIMB Ha MILHICTh Ta A€(OPMAaTHBHI BJIACTUBOCTI
OeToHy mociimKyBanucs 3a remmeparyp 60, 120, Tal80°C. mocmigHi 3pasku AecATh
pa3iB HarpiBaJmMcs Ta OXOJOMKyBaHCs TpoTsroM 10 mi0, a micas oguHAAIATOTO
LUKy HarpiBaHHS Oyl 3aBaHTa)KEH1 Ta 3pyHHOBaH1 OCbOBUM CTHUCKOM. [Ipn3moBa
MIIHICTh O€TOHY B OXOJIO/PKEHOMY CTaHl MiCHg JCCSATH IMKJIIB HarpiBaHHS-
oxonomkeHHs 10 temmneparyp 60, 120 Ta 180°C 3menmmnace Bignosiguo Ha 10, 13
ta 11% B MOPIBHAHHI 3 MPU3MOBOK MIIHICTIO OETOHY 3a HOPMaJIbHUX
TEMITIEpaTyPHO-BOJIOTHX YMOB.

[IpuzmMoBa MIIHICTh Ba)XXKOro OETOHY TMiClsi [MKJIIYHOTO HArpiBaHHS B
Harpiromy crani 3a temmeparyp 60, 120 ta 180°C BigpisHsOTECS Bijg 3HAYEHD
OTPUMaHUX B OXOJIOJKEHOMY CTaH1 B MEHIITy CTOPOHY 1iie Ha 7, 9 ta 15%.

[{ukmoBa misi MIABUINEHUX TEMIEpPATyp TaKOXX HETAaTUBHO BIUIMBAaE Ha
nehOopMaTUBHICTh BAXKKOTO OeTOHY. Tak aedopmarlii BAXKKOTo OCTOHY B HarpiToMy
crani 3a 60, 120 ta 180°C micis 10 uukiiB HarpiBanus, 301IbIIMINCH BiAOBIHO B
1,3; 2,0 Ta 1,7 pa3u B nopiBHSAHHI 3 AedopMallisiMU 3pa3KiB, sIKl HE HArpi1BAJIUCA.

[{ukoBa 11 MOBTOPHUX HABAHTAXKEHBb B KUIBKOCTI 10-TH LUKIIIB HArpIiTOTO J0
120°C Bakkoro O€TOHy 3HMKYE HOro Miumicts 10 8% 3a pobo4mx piBHIB
MIPUKJIAJICHHS 30BHIINTHHOTO HABAHTAYKEHHS

n=03-06)/f,- (2)
TakyuM YnHOM MOKHA 3pPOOUTH T1JCYMOK, 1110 €KCTIEPUMEHTaIbH1 BUTIPOOYBaHHS
BAXXKOr0 OETOHY 3a BUIAJKOBOI UM MOCTIMHOI (MEp1OAUYHOI) Mii TEXHOJOTTYHUX
(MABUINIEHUX) TeMIIepaTyp MOKa3aiH, 110 Jis MiJBUIICHUX TEeMIIepaTyp 3MEHIIY€E
MILHICTh, MIiABUIIYE Ie()OpPMAaTUBHICTh MaTepialy Ta 3MIHIOE JAECTPYKTHBHI
XapaKTePUCTUKH.

BucnoBkn. 1. /i1 migBUIIEHUX TeMIEpaTyp 3MEHIIYE MIIHICTh Ba)KKOTO
O0eToHy, mMiABMINYE JAePOPMATUBHICTb MaTepialy Ta 3MIHIOE JAECTPYKTUBHI
XapaKTEePUCTUKH.

2. MinHICTh OE€TOHY B OXOJIOMKCHOMY CTaHI1 ITICIIS IECATH IIUKIIIB HarpiBaHHS-
oxonopxeHHs 10 Temmepatyp 60, 120 ta 180°C smMenmmacs BigmosigHo Ha 10, 13
ta 11% B MNOPIBHAHHI 3 TPU3MOBOIO MIIHICTIO OETOHY 3a HOpPMaJIbHUX
TEMIIEPaTypPHO-BOJIOTMX YMOB.
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