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cnopy/ 3a Aii TeMnepaTypHOro BILUIHBY

AKTHBHUI PO3BUTOK MOHOJIITHO-KapKaCHOTO Oy/iBHUIITBA OCTAaHHIM 4acOM BHMarae HOBOTO IiIXOIY IO PO3paxyH-
KiB €JIEMEHTIB OyAiBeIbHUX KOHCTPYKLil. BeTOHHI KOJIOHU € OJJHUMH 3 HalBiANOBINAIbHIIINX €JIEMEHTIB TaKUX OyaiBeb,
MOPYIICHHS MIIHOCTI YKpaii HeOe3neuHe.

OCHOBHHMM PYHHIBHUM (DaKTOPOM, 1110 J[i€ HA KOHCTPYKIIFO 32 YMOB MOKEXKi, € TeMIiepaTypa i 1 rpajieHT. [HTeHCHB-
HIiCTb IIPOrPiBy KOHCTPYKIiH 1 BeJIMUMHA IpajlieHTa TEMIIEpPaTypH 3a 11 TOBIIMHOIO 3aJIeXaTh Bl 6araTbox (akTopis: TeMIe-
paTypu NPOAYKTiB TOPiHHS, YMOB TEILIOOOMiHY MiX OBEPXHEIO KOHCTPYKIII] Ta 30BHIIIHIM CepeJOBUIIEM, TEIIO(I3UIHUX
XapaKTepUCTUK MaTepialy, 3 IKHX BUTOTOBJICHA KOHCTPYKILisl, 4acy MporpiBy Toino. OLiHIOIYN HECYTY 3JaTHICTh Ta BTpaTh
LTICHOCTI, HEOOX1THO BPaXOBYBaTH TEPMOHAIPYKEHHI CTaH KOHCTPYKIIii, 3yMOBJICHUH 3MIHOO TEMIIEPATypH 1 BETHYHHOIO
TeMIepaTypHOro rpaiaienra. TemmneparypHi HAlPyKEHHSI, IKi BUHHKAIOTh Y KOHCTPYKIIISIX, MOYKHA BUBYATH HE3AICKHO BiJI
MEXaHIYHUX HaIlpy>KEeHb, OCKUIBKY BHACIIIOK JIIHIHHOCTI PiBHSHb TEPMOIPYKHOCTI IOBHI BEJINUMHU HAIIPYKEHb OJEPXKY-
I0Th CYMYBaHH;IM TeMIIEpaTypHHUX 1 MEXaHIYHUX HaNpYyXeHb. J0C/IiIKeHO HecTalliloHapHe TeMIepaTypHe MoJie B LIMTIHAPU-
YHUX OCTOHHUX KOJIOHAX, SIKE 3MIHIOETBCS 3 YaCOM Yy Pasi pamnToBOro ix oxonokeHHs. [Ipu MoaentoBaHHI POIECy 0X0JI0-
JDKeHHS KOJIOHM BpaXoBaHi KpaioBi yMOBH Jpyroro poay. BukopucroByroun neperBoperHs Jlammaca, OTpIMaHO aHATITHIHI
BUpa3u IS AOCHIKEHHS TeMIIepaTypHOTo Holsl. BusHadeHo HampykeHO-IeopMOBaHHI CTaH KOJOHH, 3yMOBICHHIT He-
CTalL[iOHAPHUM TeMIIepaTypHUM HosieM. Pe3ynbraTi fociipkeHb 300paxeHi rpadiuno. IIpoananizoBaHo 3aleKHICTh TEMIIe-
paTypHUX HalpyXEHb 3a TOBIIMHOIO KOJIOHH BiJl TEIUIO(I3UIHUX Ta MEXaHIUHUX XapaKTepUCTUK OeToHy. OTpumMaHi rpadi-
YHI 3aJIeKHOCTI paialibHUX, TAHTCHIIIATBHUX Ta OCBOBHX HANPYKEHb BiJl pajiiyca B pe3yabTarTi Jii TeMIIepaTypHOTO HOJS Y
OETOHHHX KOJOHAX.

BusiBiieHo, 110 panianbHi Hanpy)KeHHS B OETOHHUX KOJIOHAX JIIOTh Ha CTHUCK y BCIX TOYKaX 1 IEpPETBOPIOIOThCS HA
HYJb Ha 30BHIIIHI OBepXHi KOJIOHU. MaKkcUMaIbHUX 3HAUCHb paJlialIbHUX HAPYKEHb J0CATAIOTh Y ICHTPI KOJIOHU 1 BOHU
301IBUIYIOTHCS 3 YACOM.

3ayBaxxeHO, III0 OCHOBI i TaHT€HIIabHI TEMIIEPATypHi HAIIPYXKEHHS y HAIlIOMY BHIIAJKY JOCATAIOTH CBOTO MaKCHMa-
JIBHOTO a0COJIFOTHOTO 3HAYCHHS HA 30BHIIIHIN MOBEPXHI KOJIOHH, 1 Ii HANPY)KEHHSI J{FOTh HAa PO3TST, TOMY TPIlLIMHHU YH IHIII
MOILIKO/PKEHHSI BUHUKAIOTh Ha 30BHIIIHII MOBEPXHi KOJOHH.

Kuro4doBi ciioBa: GeToH, MIIHICTb, PO3IOALT TEMIIEpaTypH, TEMIEPATypHi HampyKeHHs, nedopmallii, BOrHeCTiH-
KiCTb.

Hlova B., Hlova T. Investigation of the stress-strain state of cylindrical elements of engineering structures
under the temperature influences

The active development of monolithic frame construction in recent times necessitates a new approach to calculating
the elements of building structures. Concrete columns are one of the most critical components of these buildings, and any
compromise in their strength can pose significant risks. When it comes to fire conditions, the primary destructive factor
affecting the structure is temperature and its gradient. The extent of heating in structures and the size of the temperature
gradient through their thickness is influenced by various factors, including the temperature of combustion products, heat
exchange conditions between the surface of the structure and the external environment, the thermophysical characteristics of
the materials used, and the duration of heating. To accurately assess the load-bearing capacity and integrity of concrete
columns, it is essential to consider the thermal stress state caused by temperature changes and the magnitude of the
temperature gradient. Temperature-induced stresses in structures can be analyzed separately from mechanical stresses. This
is because, due to the linearity of the equations of thermoelasticity, the total stress values are obtained by combining both
temperature and mechanical stresses. The study focused on the non-stationary temperature field in cylindrical concrete
columns, specifically during sudden cooling over time. In modeling the column cooling process, boundary conditions of the
second kind were taken into account. Analytical expressions for examining the temperature field were derived using the
Laplace transformation. The findings showed that the stress-strain state of the column is influenced by this non-stationary
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temperature field. Results from the research were presented graphically. An analysis was conducted on how temperature
stresses vary across the column's thickness in relation to the thermophysical and mechanical properties of concrete. Graphical
representations of radial, tangential, and axial stresses based on the radius and the temperature field's impact on concrete

columns were produced.

Radial stresses in concrete columns are consistently compressive at all points, becoming zero at the outer surface. The
maximum radial stress values are found at the center of the column and tend to increase over time.

In contrast, axial and tangential temperature stresses reach their maximum absolute values at the outer surface of the
column, where they act in tension. This tension can lead to cracks or other forms of damage on the outer surface of the

column.

Keywords: concrete, strength, temperature distribution, temperature stress, deformation, fire resistance.

INocranoBka npo0;aeMH. AKTUBHUN PO3BUTOK
MOHOJIITHO-KapKacHOT0 OyIiBHULITBA OCTAHHIM YacOM
BHMAarae HOBOTO IMiAXOJY [0 PO3pPaxyHKIB €JIEMEHTIB
OymiBebHUX KOHCTPYKIiHA. BeToHHI KOJIoHM — OIHI 3
HaWBIMOBIJATBHIIIAX €IEMEHTIB TAKUX OYIiBEIb, IO-
PYLICHHS MIITHOCTI SIKHX CTBOPIOE BEITUKY HEOE3TEKY.

OCHOBHUM pYHHIBHUM (pakTOpoM, IO Ji€ Ha
KOHCTPYKIIIO 32 YMOB MOXEXI, € BEIMUMHA TeMIIepa-
TYpH 1 il TpallieHT. [HTEHCUBHICTB TIPOTPiBY KOHCTPYK-
Ii¥1 1 BETMYMHA Ipa/Ii€HTa TEMIIEpaTypH 3a 11 TOBIIWHOIO
3aJIe)KaTh BiJl 0arathox (haKTOPIB: BEITUUMHH TEMIIepa-
TypH MPOAYKTIB TOPiHHS, YMOB TEIJIOOOMIHY MIiX IO-
BEPXHEI0 KOHCTPYKIIi Ta 30BHIIIHIM CEpeIOBUINEM, Te-
TI0(QI3MYHIX XapaKTEPUCTUK MaTepiaiy, 3 IKOr0 BUTO-
TOBJIEHa KOHCTPYKIIis, Yacy HporpiBy Ttomio. OIiHro-
FOYM Hecydy 3JaTHICTh Ta BTpaTy IUIICHOCTI, HeO0OXi-
ITHO BPaxOBYBATH TEPMOHAIPYKCHUH CTaH KOHCTPYK-
1ii, 3yMOBJIEHHH 3MIHOIO TEMIIEPATYpH 1 BEIMUMHOIO
TEeMIIEpaTypHOTO TIpajieHTy. TemmepaTypHi Hampy-
JKEHHsI, SIKi BUHHKAIOTh Y KOHCTPYKIIISIX, MOYKHA BH-
BUYATH HE3JIEKHO BiJl MEXaHIYHHUX HANpyXKeHb, OCKi-
JIKA BHACTIJIOK JIIHIHHOCTI PiBHSAHB TEPMOMPYXKHOCTI
MIOBHI BEJIMIMHY HAIPYKEHb ONIEP)KYIOTh CYMYBaHHIM
TEeMIIEpaTypHUX 1 MEXaHIYHUX HANPY>KEHb.

AHaJii3 ocTaHHIX JocjaiaxkeHb i myOsikaiii.
OCHOBHI acmeKTH Teopii TEIUIONPOBITHOCTI, a TAaKOXK
BIUTMB TEMIIEPATYpPHUX TOJIB Ha HampyxeHo-aedop-
MOBaHHI CTaH €JIEMEHTIB KOHCTPYKIIH, BUCBITIICHI Y
nparx [4; 7], a BIUIUB TeMIEPaTypHUX HaBaHTAXCHb
Ha BJIACTHBOCTI OETOHY Ta 3aJi300€TOHY — y Hparix
[1-3; 5; 6]. AHai3 HasBHUX JOCIIKEHD CBITYMTE PO
Te, 0 NPOOJEMH OI[IHIOBaHHS CTaHy KOHCTPYKIIIM,

SIKi 3a3HAIOTh TEPMOCHJIOBOTO BILIMBY, BUBUEHI HEJO-
CTaTHbO. ToMy HOCIiXKEeHHSI OETOHHUX 1 3aJ11300€TOH-
HUX KOHCTPYKIIii, 30KpeMa IUTIHIPUIHNX SJICMEHTIB,
10 CHPUIMAIOTh TEPMOCHIOBI HABAHTAKEHHS, — KTY-
aJbHE Ta BAXJIMBE 3aBIaHHI. AKTyaJbHICTH POOOTH
MATBEPPKYE 301IbIIEHHS OCTAHHIMUA POKaMHU aBapii
CIIOpYA, TOB’s3aHHUX i3 TeMIepaTypHHUMHU BIUIMBAMH
BEITUKO{ IHTEHCHUBHOCTI.

IlocTanoBka 3aBaanHsa. Hame 3aBmanus — o-
CIITUTH HAIPY>KEHO-Ie(OPMOBAHUN CTaH OCTOHHHX
KOHCTPYKIII 3a panToBOro iX OXOJIOJKCHHS, PO3PO-
OUTH MaTeMaTH4Ha MOEb HaIlpy>KeHO-IepOopMOoBa-
HOTO cTaHy OyliBEJIbHUX KOHCTPYKIIH 3 ypaxyBaHHIM
TEeMIepaTypHUX HampyxeHb. OJepxaHi aHATITHYHI
3aJIe)KHOCTI, SKi JaJTM 3MOT'Y JIOCITITUTH TeMITepaTypHi
HaBaHTa)KECHHS HA BOTHECTIHKICTh 3a HECYUOI0 3/IaTHi-
cTr0. JloCTimKeHO BEIMYNHY TEMIIEPATypHUAX HAIpy-
JEHb BiJl (PI3UKO-MEXaHIYHUX XapaKTePUCTUK OCTOHY.

OpxepskaHa METOIMKA J03BOJISIE MiIOOPOM reo-
METPUYHHUX PO3MIpPIB Ta MEXAHIYHUX 1 TEIIO(I3UIHUX
napaMeTpiB OETOHY 3a0€3MEUNTH MaKCUMAIILHO MOK-
JIUBY CTYIiHb BOTHECTIMKOCTI 32 YMOB BHCOKHX TEM-
mepaTyp.

Buknax ocHoBHOro marepiajy. PosrisHemo
LMIIHAPUYHY KOJIOHY paiiyca R modaTrkoBa Temie-

aTypa sKoi, T., palTOBO OXOJOKYETHCA 10 TEMIIE-
0

patypu 0 °C . [lociimumo TeMIiepaTypHe Iojie KO-
JIOHH, SIKE 3MIHIOETBCS 3 PaJIiyCOM 1 4acoM.

Jlnist 3HaXO/KEHHS TEMIIePaTypHOTO PO3HOALTY
32 TOBLIMHOI KOJIOHH, SIK€ 3MIHIOETBCS 3 YacoM,
po3B’sxeMo audepeHIiaabHe PIBHAHHS HECTaIlioHap-
HOT TETUTONPOBIAHOCTI [7]

or(rt)_ (0°T(nt) 18T(nt) t50;0<r<R 1)
ot or? r or
3 MOHATKOBOIO T4 KpAHOBHMIL yMOBAMH e a — xoediuienT Temmeparyponposignocti, .
T =T,. @ : paTyponpoBizHOCT], =
TR =0, ©) C — nuTOMa TETUIOEMHICTD, Hore ;
M =0 4) ke -K
or A KOeQIIIEHT TETIONPOBITHOCTI, ﬂ ;
m-K
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Po3gin 1
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3a ¢opmynoro (5) mpoBeAeHUH PO3pPaxyHOK
TEMIIEPATYPHOTO OJIs1 OETOHHOT KOJIOHU B3JIOBXK paji-
yca I npu Takux mapamerpax:
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Puc. 1. Po3nooin memnepamypu 6300624 paodiyca 6emoHHOI KOJIOHU
sanedxcho 6id uacy 1 —1xs, 2—5x6, 3 —30 x¢

I3 puc. 1 MoXHa TIHTH BUCHOBKY, IIIO TEMIIC-
paTypHHU TPaJi€eHT HAWOUTBIIMKA y MOYATKOBHH MO-
MEHT 4acy, 1110 MO>KHa TIOSCHUTH HU3BKOIO TETUIONPO-
BiJIHICTIO OeToHY. Lle y CBOYO Yepry npu3BOMTS JI0 Pi-
3KOTO OXOJIOKCHHS TPHUIIOBepXHEBOro mmiapy. [lims
OIIHKH HECY4YOi 34aTHOCTI OETOHHOT KOJIOHH 32 YMOB
BHUCOKHX TeMIIepaTyp MOTpiOHO mociinuTu ii TepMo-
HaINpY>KEHUH CTaH 3yMOBJICHUH 3MIHOIO TEMIIEpaTypH,
Yacy OXOJIO/DKEHHS Ta BEIUYMHU TEMIEPaTypHOTO
rpajieHTa.

TemnepaTypHi HaNpyXeHHS, SKi BHHUKAIOTh
Y KOHCTPYKITISIX, MOYKHA BUBYATH HE3AICKHO BiJ Me-
XaHIYHUX HAMPYKEeHb, OCK1JIbKH BHACIIIOK JIIHIHHOCTI
PIBHSHb TEPMOIPYKHOCTI IMOBHI BEJIUYHMHU HaIpy-
KCHb OTPUMYIOTh JOAaBaHHAM TEMIEpPATypHHUX 1 Me-
XaHIYHUX HaNpY>XEHb.
PosrastHeMo HampyskeHO-1e(OpMOBaHUN CTaH
KOJIOHH, TOPIIi K01 3aKpimjieHi, TOOTO OChOBE BiJHO-
CHE BUJIOBXCHHS g, =0 . Paniansue nepemimenns U

TOYOK IOIIEPEUHOT0 Mepepizy KOJIOHHU, MOXKHA 3HAKNTH,
PO3B’s13aBIIHN AudepeHnianbHe PiBHIHHS [7]

dzu(r,t)+1du(r,t)_U(r,t)_1+va dr(r,t) (6)

dr? rodr
ne U — nepemimienns, M; o, — TEMIEPATypHUH
Koe]ilieHT JiHIHHOTO PO3IIHNPEHHS, i ; v —Koeiri-
K

eHT Ilyaccona.

r2  1-v ' dr

PiBHsiHHSA (6) MOXKHA TIEpEeNIUCATH Y BUTTISAL
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ITizcTaBUBIIN 3aJICKHICTH TEMIIEPaTypyd BiJi  TAaHTCHINIAIbHI T4 OChOBI HANIPY)KEHHS BiAMOBIIHO:
yacy (5) y piBusaHHs (10)-(12), 3HaligemMo paliaibHi,
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Pospaxynxu npoBoauiu 3a popmynamu (13)-(15) npu Takux napameTpax:
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p=2200 ,
M m-K

o, =12.10° L

PesynbpTaTti po3paxyHKIiB HpeAcTaBieHi rpadi-
9HO Ha puc. 2—4.

Ke =155 Bm o770 A 1 _200 ‘C,R=025 M,
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Puc. 2. Padianvhi nanpyoscenus 3anexcro 6io uacy 1 —1xe, 2—5xe6, 3 —30 x¢

Amnani3 rpagiuHuX AOCTiIXKEHb (pUC. 2) MoKa-
3y€, 10 paliaibHi HalPYKEHHS JOCSATal0Th CBOTO Ma-
KCUMaJBFHOTO 3HAYeHHS Y IIeHTPl IONepeyHoro
mepepizy 1 € HamlpyXeHHSIM CTHCKY Ta 30UIBIIYIOTh

A

CBOE 3HA4YEHHSI 32 301IbIICHHS 9acy OXOJIOKEHHS M0-
BEPXHI KOJIOHH.
Bukopucrosytouu (14), orpumaemo

20
' >
%  — 03

- 20/

Puc. 3. Taneenyianvui nanpyscenns zanesxicno 6io wacy I —1 xs, 2—5x6, 3 —30 xs

TaHreHIianpHi  TEMIeEpaTypHi  HamNpyKEHH
pHC. 3 OCAraroTh CBOr0 MaKCHMAJILHOTO 3HAYEHHS Y
MPUMIOBEPXHEBUX IMapax i € PO3TATyBAILHUMH, a B
LEHTPI MOIIEPEYHOTO Mepepi3y KOJIOHU TaHTEHITia bHI
HaTPYKEHHS TIIOTh Ha CTHCK.

BukopucroByroun ¢opmyny (15), obumcammo
OCHOBI HaIPYKEHHS, 1 pe3yabTaTh 300pa3uMo rpadivqHo.

AHani3 rpadidHUX JOCHipKkeHb (puc. 4) moka-
3y€, M0 HAWOUTBIIUMH TEMIICPATYPHUMH HAIPYXKCH-
HSIMH B [ICHTPI IIOTIEPEYHOTO TIePePi3y € OChOBI, K Ii-
IOTh Ha CTHCK, a B IIPUIIOBEPXHEBHX IIApax AOCITAIOTh

CBOI'0 MaKCHMAJIHOTO 3HAYEHHS 1 Ili HAIPYXCHHS €
PO3TATYBAIbHUMH.

BucnoBku. OtprMani rpadidai 3aeXHOCTI pa-
JaTbHAUX, TAHTCHITIATEHUX Ta OCHOBUX HANPY)KEHbB BiJT
paziyca B pe3yibTarti JIii TeMIIepaTypHOTo ol B Oe-
TOHHHX KOJIOHAX.

PanianbHi Hanpy>XKeHHs B OSTOHHUX KOJIOHAX Jii-
IOTh Ha CTHCK Yy BCIX TOYKax i MEpPETBOPIOIOTHCS HA
HYJIb Ha 30BHIIIHIH TOBEpXHi KOJIOHU. MaKkCUMaTbHUX
3HAYEHb PadiadbHUAX HAIPYXCHb JIOCITAIOTh Y IEHTPI
KOJIOHH 1 BOHH 301JTBITYIOTHCS 3 YaCOM.
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Puc. 4. Ocvosi nanpyocenns sanexcro 6io wacy 1 —1 xe, 2 — 5 x6 3-30 xs

OchOBi Ta TaHTCHIIAJIBHI TEMIIEpPaTypHi HaNpy-
KEHHs B HAIIOMY BHIIQJIKy JOCATAIOTh CBOTO MaKCH-
MaJIFHOTO a0CONIOTHOTO 3HA4YeHHS Ha 30BHIIIHIN 10-
BEpXHI KOJIOHHM, 1 Il Halpy>KeHHS JIFOTh Ha PO3TST,
TOMY TPIIVHM YW 1HIII TTOIIKO/PKEHHS BUHUKAIOTh Ha
30BHILIHIH MOBEPXHI KOJIOHHU.

OTxe, BpaxOBYIOUH pe3yldbTaTH JOCHIKEHb
MO>KHA MiA10paTH ONTUMAIIBHI TApaMeTpH, 3a SKUX BHU-
HUKAaTUMYTh MiHIMaJbHI TEMIIEpaTypHI HAIpPYKECHHS
JUTSE KOHKPETHOT KOHCTPYKIIii.
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