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Investigation of the impact of temperature on the stress-strain state of cylindrical
elements in engineering structures

Abstract: Active development of monolithic-frame construction in the last period requires a new approach
to the calculation of elements of building structures. Concrete columns are one of the most important
elements of such buildings, the failure of which is of great durability. The loss of concrete column strength
occurs as a result of a change in the gradient of the temperature field. Therefore, study related to the
influence of temperature on the supporting elements is relevant and of great importance. The non-
stationary temperature field in a concrete cylindrical column, which evolves due to high temperatures,
was investigated. Boundary conditions of the third kind were considered when modeling the column
heating process. Analytical expressions for studying the non-stationary temperature field were derived
using Laplace transformation. The stress-strain state of the concrete column induced by the non-
stationary temperature field was also determined. The graphic dependences of the radial, ring and axial
stresses from the radius are researched as a result of the temperature fields of different intensities on the
rod elements obtained.

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

boraanma Muxoasaisaa I'A0Ba, KaHAUAAT (PI3UKO-MATEMATUYHUX HAYK, KAEAPa BHIIO] MATEMATHKH,

ABBIBCHKUIT HAITIOHAABHHH YHIBEPCHTET IPUPOAOKOPUCTYBaHHA. ABBIB, VKpaiHa.
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AoO0CAiAKEHHA BIAUBY TEMIIEPATYPH HA HAIIPY>KEHO-A€(POPMOBAHHUN CTAaH
LUATHAPUYHHUX €AEMEHTIB iH)KEHEPHHX CIIOPYA

Amnomayin: AkTHBHHII pO3BHTOK MOHOAITHO-KAPKACHOTO OYAIBHUIITBA B OCTAHHIMH ITEPIOA BUMATA€ HOBOTO
IIAXOAY AO PO3PAXYHKY €AEMEHTIB OyAIBEABHUX KOHCTPYKIINH. beroHHi KOAOHH € OAHHM 3
HAHBAKAHBIIINX €AEMEHTIB TAKHX OYAIBEAD, pYHHYBAHHSA AKUX BIAPI3HAECTHCA BEAHKOIO MiITHICTIO. Brpara
MIITHOCTI KOAOHH MOK€ BIAOYBATHCA B PE3YABTATI HABAHTAXKEHD, BUKAUKAHUX AIEIO TEMIIEPATYPHOTIO
moAd. ToMy AOCAIAMKEHHSA, IIOB’f3aHI 3 BIIAUBOM TEMIIEPATYPHM HA HECY4l EAEMEHTH IHKCHEPHHX
KOHCTPYKIIH, € aKTyaABHUMH Ta BAKAUBHUMH. AOCAIAKEHO HECTAILIOHAPHE TEMIIEPATYPHE IIOAE B
OeTOHHIN HUAIHAPUYHIN KOAOHI, IO 3MIHIOETHCA 3 Y4COM IIPH BIIAMBI BUCOKHX TeMIIEpATyp. BpaxoBaHo
KpaioBl YMOBH TPETBOIO POAY IIPH MOAEAIOBAHHI IPOILIECY HAIPIBAHHA KOAOHH. BHKOpHCTaBIIN
mmeperBopenHs  Aalaaca, 3HAMACHO aHAAITHYHI BHpPa3sH AAA  AOCAIAKGHHA —HECTAaIlOHAPHOIO
TEMIIEPATYPHOIO IHOAA. TaKOK OTPHUMAHO HAIPYKEHO-Ae(DOPMOBAHUN CTaH OETOHHOI KOAOHH,
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3YMOBACHHUI HECTALIOHAPHHM TeMIIepaTypHUM moaeM. LlIi pesyapratn 300paseni rpadivro.
ITpoaHaAi3oBaHO 32AEKHICTE TEMIIEPATYPHHUX HAIPYKEHB IO TOBIHUHI KOAOHH BIA MEXAaHIYHHX Ta

TEHIAOMI3UIHHUX XAPAKTEPUCTHK OETOHY.

Kawuosi cavsa: temieparypa, KOAOHA, OETOH, MIIHICTb, TEMIIEpATypHI HampyxKeHHsA, Aedpopmarii,

Do

Beryn

Armyansnicnme memu docaioncers. AKTHBHIN PO3SBUTOK MOHOAITHO-KAPKACHOTO OYAIBHHIITBA

BOTHECTIUKICTD.

B OCTAaHHIN IIEpIOA BHMAara€ HOBOIO IIAXOAY AO PO3PAaxyHKY EACMEHTIB OYAIBEABHHX
KOHCTPYKIUH (Cemepax ma in., 2017; Aominix ma ., 2013; 1 106a ma in., 2023). beronni koaoHu €
OAHIM 3 HANBAKAUBIIIIUX €AEMEHTIB TAKHX OYAIBEAD, PYHHYBAHHS AKUX BIAPIBHACTHCA BEAHKOIO
MirtHICTIO. Brpara MinHOCTI KOAOHN MO:Ke BIAOYBATHCA B PE3YABTATI HABAHTAKEHD, BUKAUKAHIX
Alero temmeparypHoro o (Cemvepax ma in., 2017). ToMmy AOCAIAKEHHS, TOB’AI3aHI 3 BIIAUBOM
TEMIIEPATyPH Ha HECYYl EAEMEHTH IH/KEHEPHHUX KOHCTPYKIIIH, € aKTYAAPHUMH T2 BAKAUBUMH.
OAHI€IO 3 HAHOIABII CYTTEBUX IIPUYHH IABHIIEHO! HEOE3IIEKH AAfl TAKAX KOHCTPYKIIIH
BBAKAIOTHh HEPIBHOMIPHUIN HATPIB 1 3MiHY XapaKTEPUCTHK MIITHOCTI 1 AeDOpMyBaHHA OETOHY ITIA
vac 1 micaa nowexi (Cemvepax ma ., 2018a; Cemepax ma in., 2018b). OAHOUACHO HEOOXIAHO
BUPIIIUTYA IIUTAHHA, IIOB’fA3aHI 13 3a0e3leYeHHAM TPHBAAOI Ta HAAIHOI EKCIAyaTaril
OYAIBEABHHX KOHCTPYKIIIH, Y TOMY YHCAL A Al€ro Bucokux temueparyp (Besuuxo ma in., 2011,
Cmoponcerko ma in., 2010), 3a paxyHOK 3aCTOCYBAHHA BIAIIOBIAHUX MaTepiaAiB abO 3aXHCHHX
ITOKPHUTTIB. TakuM YMHOM, MAaTEMATHYHE MOACAIOBAHHSA IIPOIECIB TEMIIEPATYPHUX IIOAIB Y
HAIIPYKEHO-ACPOPMOBAHOMY CTAHI HUAITHAPUIHUX KOHCTPYKIIH AO3BOASE 3HAYHO ITABHIIIUTH
TOYHICTb PO3PAXYHKIB, IO CIPHAE INABUIIEHHIO MIIMHOCTI Ta HAAITHOCTI IHKEHEPHHX
KOHCTPYKIIH. OTprMaHo rpadidHi 3aA€KHOCTI PaAlaABHHUX, KIABIIEBUX 1 OCBOBHX HAIIPY/KEHb
BIA paAlyca B pe3yAbTaTi All TEMIEPATYpPHOIO IIOAA PI3HOI IHTEHCHBHOCTI Ha CTEPKHEBI

CACMCHTU.

Buxaaa ocHOBHOTO MaTepiaay
PosrasHeMO OETOHHY HUAIHAPHYHY KOAOHY paaiyca R, mowartkosa Temmeparypa axoi Ty,
HATPIBAETBCA BIA ITOKEXKI, TemIreparypa fkoi T,. Aocaianmo TEMIIEPATYPHE IIOAE OETOHHOI
KOAOHH, fIKE 3MIHFOETBCSA 3 PAAIYCOM 1 9aCOM, a TAKOK 3aAEKHTD BiA KOeIIiEHTa TEITAOOOMIHY
MDK KOAOHOIO Ta TEMIIEPATYPHUM CEPeAOBHINEM. AAfA 3HAXOAKEHHA TEMIIEPATYPHOIO
PO3IIOAIAY ITO TOBIIHHI KOAOHH, fIKE 3MIHFOETBCA 3 YaCOM, PO3B’MKEMO AUEepeHIiaAbHE

PIBHAHHA HECTAIIIOHAPHOI TenAOIIPOBIAHOCTI (azx06, 1967):
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3acrocoByroun mepersopenus Aamaaca Ao piBaaxHA (1) 1 xpafioBux ymos (2)-(4),

Q — koeplIieHT TEIIAOOOMIHY,

OTpHUMaEMO pO3B’A30k (szkos, 1967):
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Jo(un), J1 (tn) — dbymkmii Becceast meprmoro poAy HYABOBOTO i TIEPTITOTO TIOPAAKY BIATTOBIAHO,
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Kpurepii bio.
3a dopmyroro (5) IPOBEACHI PO3PAXYHKH PO3IOAIAY TEMIIEPATYPH B OCTOHHIN KOAOHI

B3AOBXK PaAiyca 7' AASl AKOT IPUHUHATI Takl TEIAO(I3UYHI XapaKTEPUCTHKHI:
KT Bt ok ° °
p= 22005,/1 = 1’55ﬁ’c = 770ﬁ:To = 20°C,T,, = 1200°C,R = 0,15 m.
Pesyaprarn pospaxyukis nipeacraBacti Ha (Pucyrox 1; Pucynox 2).

Amnaniz (Pucynox 1) mmokasye, mo 1pu 301AbIIeHH] KOeIiEHTa TETAOOOMIHY MIK KOAOHOIO
Ta CEPEAOBHIIIEM 30IABIIYETHCA TEMIIEPATypa HAIPIBY KOAOHH, a TaKOXK 3OIABIIYETHCS
TEMIIEPATYPHUI IPAAIEHT Y 3B’A3KY 3 MAAHM KOE(IIIEHTOM TEIIAOIIPOBIAHOCTI, IO IIPU3BOAUTD
AO PI3KOTO HArpiBaHHA IIPUITOBEPXHEBOTO mmapy koroHn. Ha (Pucyrox 2) moxasana 3aAexKHICTD
HArpiBy IIPUITOBEPXHEBOIO IAPYy KOAOHH, AKA 3aACKHUTH BIA KpuTepid bio, sikuii B cBOXO Uepry
3AAEKHTD BIA KOEIIIEHTIB TEIAOOOMIHY.

AAf OIIIHKK HeCy90i 3AaTHOCTI OETOHHOI KOAOHH 332 YMOB BHCOKHUX TEMIIEPATYp HOTPIOHO
AOCAIAUTH ii TEPMOHAIIPYKEHUI CTAH 3YMOBAEHUIT 3MIHOIO TEMIIEPATYPH, YaCy HAIPIBAHHA Ta
TEMIIEPATYPHOTO TPAAI€HTA.

Posrasgaemo HanpyxeHo-AepopMOBaHUIT CTaH KOAOHH, TOPII AKOI 3aKpillAeHl, TOOTO
ocboBe Bianoche BuaoBkenus &, = 0. Paaiaabue IepeMireHHsA U Touok ITOIIEPEIHOTO
repepisy KOAOHH, MOKHA 3HAWTH PO3B’fA3aBIu audepenttiassue pisuaasd (1 uvomernko i 1yoep,
1975):
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vV — koedimient [lyaccona.
Hanpyxenns, fki AlFOTb B PaAlaABHOMY Oy, KIABIIEBOMY Og Ta OCbOBOMY O, HAIIPAMKAX
3AIIHIIIEMO Y HACTYIIHOMY BUTASAL, A€ CTAAl 3HAXOAATHCSA 3 IPAHHYHHIX YMOB, TOOTO 3 BIACYTHOCTI

nepemimens U = 0 mpu 7 = 0 T2 piBHOCTI HyATO paAiaABHEX HATIPYXKEHD Opjr=g = 0. OTxe,

U="a ((1 = 2v) = [ TG, Ordr + - [) T(r, t)rdr), Y
o, = 2L (L[ TG Ordr — 5 [T T(r Orar), ®

Og = % (R_12 foR T(r,t)rdr + %2 for TG, Ordr = T(r, t))’ )
= % (I% fOR T(r,t)rdr — T(r, t)) (10)

BpaxoByroun TemmepaTypHUI PO3IIOAIA 32 TOBIIHHOIO KOAOHH IIPHU PI3HUX KOeImiEHTaX

TEIIAOOOMIHY 3HAHAEMO TEMIIEPATYPHI HAIPYKEHHA Ta OTPHUMAHI PE3yABTATH 300pasuMoO

. . . -6 1
rpaciumo, Ae dismko-Mexaniuni xapakrepucTuku Getony @y = 121076 o V= 0,16; E =

0,23 - 10 Ta.

Pesyaprarn pospaxynkis nipeacraBaei Ha (Pucynox 3; Pucynox 4; Pucynox 55 Pucyrox 6).

Bucnosox

Amnaaiz rpadignnx Aocainkenb (Pucyrnox 3) 1OKa3yroTh, IO PaAlaAbHI HAIIPY/KEHHA
AOCATAIOTH  CBOTO MAaKCHMAABHOIO 3HAYEHHA Yy LEHTPl IIONEPEYHOro Iepepisy 1 €
HapyKeHHAMHI po3Tary. Kiabresi ta ocboBi TemueparypHi Hanpyxenus (Pucyrox 4) 1 (Pucynok
5) AOCATAFOTH CBOTO MAKCHMAABHOTO 3HAYEHHSA B IIPUIIOBEPXHEBHUX ITIAPAX 1 € CTUCKAFOYHMH, 2
B IICHTPI IIOIIEPEYHOIO IIePePi3y KOAOHH KIABIIEBI Ta OChOBI HAIIPYKEHHA AIFOTH HA PO3TAT. 3
YPaXyBaHHAM HH3bKOI I'DAHMIN MIITHOCTI OETOHY Ha PO3TAr, II€ CTAaHOBUTb HEOE3IIEKY AAA
O6eToHHNUX KOAOH. [Ipu HarpiBaHHI OETOHHOI KOAOHH 3AINCHIOETHCA PaAlaAbHE IEPEMIIIICHHS,
AKE 3MIHIOETBCA B 3aACKHOCTI BIA TeMIIEpaTypd 1 dacy HarpiBy. 3 rpadidHHX AOCAIAKEHB
(Pucynox 6) moxHa 3pOOHUTH BHCHOBOK, 1110 11pu Bl = 4 paaiaapne nepemimenss koroun U =

7,723 - 10™* 1 i 36iabInyeThCA i3 36IABITEHHAM TEMITEPATYPHOTO TPAAICHTY.
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