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MeToauka BU3HAYEHHS TEPMOIPYKHOIO CTAHY 3a/1i300€TOHHOI 0AJIKH MOCTAa
MiICUJIEHOI MEeTHIMETAKPHJIATOM

B. B. KoBasnbuyk, 1O. I'. Co6osneBcbka, A. M. Ounmenko, O. B. @exopenko,
O. II. Tokin, A. II. I1aBais, I. b. Kpaseus, 1O. 3. JleciB

IIpogedeno ananiz memooié GU3HAUEHHS MEMNEePAMYPHUX HANPYHCEHb ma Oe-
Gdopmayit y MOCMOBUX KOHCMPYKYIAX npu Oii KILMAMUYHUX MeMNnepamypHux nepe-
naoié HABKOIUUHBO20 CepedosULd.

3acmocosano 00HOBUMIDHY MOOeNb BUSHAYEHHS MEeMNepamypHo20 Noas ma
MEPMONPYHCHO20 CIMAHY OJIs1 NPAKMUYHOL OYIHKU MeMNnepamypHux noie ma Hanpy-
JHCeHb NIOCUNIeHUX OANOK 13 8PAXYBAHHAM MEMNEPAMYPHUX Nepenadié HAGKOIUUHBO-
20 cepedosuya.

Ompumano po3nooin memnepamypHo2o nojisi Y 8epmuKaibHOMY HANPIMI 3ai-
300eMOHHOI OANKU ) 3ANIeHCHOCME 8I0 MOBUWUHU KOHCIPYKMUBHO20 NIOCUNEHHS Me-
muimemakpuiamom. Becmarnosneno, wo na konmakmi 3anizobemonnoi oaiku ma ni-
OCUNIEHHSI CNOCMEPI2AEMbCSL 3MIHA 2PAJIEHMY MeMnepamypu.

Ompumano posnooin memnepamypHux HaAnpylceHv y epmuKaibHOM)Y HANPIMI
niocuneHoi 3aniz00emonHol 6anKu i3 8paxy8aHHAM MOBWUHU NIOCULEHHS Memuime-
MAKPUIAMOM MA BeIUYUHU MOOYJIS 1020 UpYHcHOCmI. Bcmawnosneno, wo moswuna
NIOCUTIEHHSI He MA€E 3HAYHO20 GNIUBY HA NIOBUWEHHS HANPDYICEHb, Npome 30LIbUleHHs
MOOYTIIO NPYIHCHOCHE KOHCIPYKIMUBHO2O NIOCUNEHHS NPU3B00UMb 00 NIOBUWEHHS me-
MIEpamypHux HanpyodiceHv. Pi3Huys ompumanux 3HaYeHb HANpYJiceHvb Oas OAIKU i3
MeMUIMEMAKPULAMHUM NIOCUNeHHAM Mosujuroio 10 um i 20 um npu mMooyai npyic-
nocmi E=15000 MIla cmanosums 0o 3 % npu 0ooamuux i 6i0 eMHUX mMeMnepamypax.

Bcmanoeneno, wo na konmaxmuiti nogepxui 3aniz300emouHoi oanku i memui-
MemaxKpuiamuro2o niocuienHs 6i00yeacmvcs 3MiHA Xapakmepy po3nooiny memnepa-
MYPHUX HANPYHCEHb N0 BUCOMI OAIKU. 3HAYEHH MeMNepamypHux HanpyiceHs 'y oa-
YL 13 MEMUIMEeMaKPUIAMHUM NIOCUIEHHAM I Oii 000amHux ma 6i0 EMHUX memnepa-
Myp HABKOJIUUHBbO20 CepedosuLyd 30iIbULyEMbC Y MPU pasu.

Bcmanoesneno, wo na eenuyuny memnepamypHux HAnpydiceHv 6NIUBAE PIZHUYS
memnepamyp 3aniz00emoHHOI 6anKy i NIOCUNEeHHS, A MAKOMC (PI3UKO-MEXAHIYHI na-
pamempu 00CHIONHCYBAHUX KOHCMPYKYIUHUX Mamepianié OAIKU ma KOHCMPYKMUBHO-
20 NIOCUNICHHS MEMUIMEMAKPULAMOM.

Knrwouosi crnosa: niocunenns mocma, 3anizo0emonna 6aika, MemuimMemaKpum-
Jlamue niOCUieHHs1, memnepamypue noie.

1. Beryn

3rigHo mkepena [1], mpoBeaeHUMH JOCTIIKEHHSIMH TEXHIYHOTO CTaHy MOCTIB
VYkpainu y 2020 p. BCTAaHOBJIEHO, III0 HETAHOTO PEMOHTY NMOTPeOYIOTh 895 mMTYyYHUX
cropy/ 1o Beiid Ykpaini. 3 Hux 169 — Bxe y nepegaBapiitHoMy CTaHi.



Takox cmig 3a3HaYUTH, IO CUTyalls 13 3a0e3meueHHs 0€3BIIMOBHOI pOOOTH
MOCTIB y PO3BHHEHHX KpaiHax € TaKOX aKTyaJbHOIO0 mpoOsiemoro. Ha3BiMo xoda 6
00BaJl YOTUPUCMYTOBOTO aBTOIOPOKHBOTO MocTy B Itamii y 2018 p. Tomy Bukopwuc-
TaHHS MEPCIIEKTUBHUX TEXHOJIOTIH PEMOHTY AS(PEKTHUX MOCTIB € aKTyaJhbHOO 3a/1a-
Y0 MOCTOBOT rary3i.

JIns miABUIIIEHHS] HECYYOl 3/TaTHOCTI aBTOJIOPOKHIX MOCTIB B OCTaHHI1 POKH BH-
KOPHCTOBYIOTh METO/I ITiICHJICHHS OaJIOK 32 JIOMOMOTOI0 METHIMETAKPHIIATHUX KOM-
MO3UIIIN (1ai MeTHIIMETaKpuiIaTy). BUrisin miacmieHnx KpaifHix 0ajoK aBTOI0POXK-
HBOTO MOCTa METHJIMETaKPHJIATOM HaBeJeHO Ha puc. 1.

Puc. 1. [lincunenns 3ani300€TOHHUX 0aT0K MOCTa METHJIMETAKPUIIATOM

MetunmeTtakpuiar siBjsie CO00I0 HU3bKOB’SI3KUI MOJIIMEpP, 0 BUKOPUCTOBYETh-
sl JUIsl MiICUIIEHHS 0alOK aBTOJIOPOKHIX, MICBKHX 1 MIIIOXITHUX MOCTIB. XapaKTepH-
3YETHCSI M IBUIIIEHOIO MIIHICTIO Ta JOBrOBIYHICTIO [2].

[TincunenHs Ganok 3AIMCHIOETHCS 3a JOMOMOTOI BIAIITYBAaHHS HE3HIMHOI Me-
TaJeBO1 ONaTyOKu y HU3Y OaJKu Ha BIACTaH1, piBHIM 20 MM Bij 1i HUIJKHBOI MOJTUYKH.
Ieit 3a30p 3acumaeTbes APIOHUM ITICKOM, a Jajii J00aBISIEThCS METHJIMETaKpUIaTHA
KOMITO3HIIiS, 1110 BUTbHO MPOHUKAE y TPIIIUHU Ta KaMJIspH.

[Tpu B3aemoli METUIIMETAKPUIIATY 13 YACTUHKAMU JPIOHOTO MICKY YTBOPIOETHCS
MIIIHUA KOHCTPYKTHBHUHN €JIEMEHT, SIKUW 3aMTOBHIOE TIOPOKHUHHU 1 TPIIIMHY B 3aJ1130-
OETOHHI OaIll, MII[HO iX 3B’A3Yy€, 1[0 CIIPHUSE MIICUICHHIO OaJIKH.

AJe mpu 1IbOMY CITiJT BpaXOBYBAaTH MO>KJIMBHH BIUIMB KJIIMATHYHUX TEMIIEpaTYy-
PHUX YMOB Ha Halpy>KeHO-Ae(pOPMOBAHUN CTaH 3a11300€TOHHUX 0aJOK MOCTIB, IiJI-
CHJICHUX METUIIMETAKPHIATOM.

Kpim 1poro, 3Ha4ni Ta pi3Kki nepenagy TeMrneparyp HaBKOJUIIHBOTO CEpEOBU-
a 1 301IbIIIEHHS /I1ana3oHIB iX 3MiHU (BJIITKY MakCHMallbHa TeMIlepaTypa 3pOCTae,
B3UMKY — MIHIMaJIbHa 3HUXKYETHCS) IPOTATOM OCTAHHIX M’ATH POKIB MPUBOASTH A0
MiIBUIIEHHS AeOPMAaTUBHOCTI 6aiok MOcTiB. ToMy mocTipKeHHS poOOTH KOHCTPY-
KTHBHOTO TIJCWJICHHS OaJIOK MOCTIB 3a JIOMOMOTOI0 METHJIMETaKpuiaTy MpHu il
3MIHHUX TEMIIEPATyp HaBKOJUIITHBOTO CEPEIOBUIIA € AKTYAILHOIO TEMOIO.



2. AHaJi3 JliTepaTypHHUX JaHUX Ta MOCTAHOBKA NMP0djieMH

BcranoBiieHo, 110 iCHY€ psifi TOCHII)K€Hb CTOCOBHO BH3HAYEHHSI TeMIIEpaTyp-
HUX TOJIIB Ta HAINPY>KeHb Y MOCTOBUX KOHCTPYKIISIX O€3 MiJACHICHHS IpH JIii KiIima-
TUYHUX TEMIEpPaTyPHUX BILTUBIB HABKOJUIIHLOTO cepeaoBuiia [3-9].

VY po6ori [3] 3amponoHOBaHO MaTeMaTH4YHI MOJIEN JJIs PO3PAXYHKY TEIUIONPO-
BIJIHOCTI Ta TEPMOHAMNPYKEHOT'0 CTaHy ()parMeHTa MeTajaeBoi roppoBaHoi 000JIOHKH
TPAHCIIOPTHOI CIOPYAH, OOKOBI MMOBEPXHI SIKOT HATPITI 10 pi3HUX Temneparyp. OaHak
MOJIETIb OLIIHKH TEPMOHAINPY>KEHOTO CTaHy OOOJIOHKM BPAxXOBYE TUIBKH OJHOPIIHE
CepenoBHUIIE KOHCTPYKIII.

VY pobori [4] 3a3HaueHO, MO PI3HMIIA TEMIEPATyp Y KOPOoOIaCTHX Oankax MocC-
TiB MOXe Aocsratd 3HadeHb BUmUX 3a 40 °C. OmHaK JOCTIIKEHb TEPMOTPYKHOTO
CTaHy MIJACHIEHOT KOpoOuacToi Oajikd METHIMETAKPUIATHUMU KOMIIO3UIISIMH HE
MPOBOAMIIOCH.

VY pobori [5] npeacraBieHi pe3yIbTaTH TOBrOCTPOKOBOTO MOHITOPUHTY MPOTH-
HIB KiJIbKOX MocTiB y IlIBeliniapii Ta mokaszaHni 1000B1 Ta C€30HHI MEPEMIIICHHS MOC-
TIB TiJ] TEIJIOBUM BIUIMBOM. [loKa3aHO CIiBBITHOIIEHHS MK BUMIPSHHUMHU TeMIIepa-
TypaMH Ta TpaJi€HTaMH 1 TIOJIOKEHHSIM MOCTY, a TaKOX OIKMCAHO METOJIM KOMIIEHCa-
1ii TersoBux edekti. [IpoTe moCHiKEeHD BIUIMBY JOOOBUX Ta CE30HHUX TEMIIEPATyp
Ha HampyxXeHo-Ie(opMOBaHUN CTaH MOCTIB HE MPOBENECHO. A TaKOXX HE HAaBEICHO
MOJIEJI1 JIsl OLIIHKU TEPMOHAIPY>KEHOTO CTaHy MOCTIB MPHU JIii 3SMIHHUX TeMIIepaTyp.

VY po0OorTi [6] npuBeneH1 pe3yabTaTH AOCTIHKEHb PO3NOALITY TEMIEPATyp Ta BI-
MOBIJHI PeaKIlii MiJBICHOIO MOCTY Ha JIOBXKUHY HPOJIbOTY 3a JOIIOMOTOI0 MOE€THAHHS
YHCENPHOTO aHali3y Ta MOHITOPUHTY Ha MicisX. CTBOpPEHO TOHKI CKiHUEHHO-
€JIEMEHTH1 MOJIeITi CKJIaJJOBUX MOCTY JJIsi YACEIHHOI OI[IHKHA BIUIMBY TEMIIEpaTypPHHUX
MIOJIIB HA MOCTOBY KOHCTpYKLit0. OHaK y poOOTI HE HABEJIEHO METOIB OLIHKHU Tep-
MOIPYHOTO CTaHy MOCTIB, a TIJIbKHA MPOBEJIEHO aHali3 PO3MOJALTY TEMIEPATypPHUX
IPaIIEHTIB.

Y po6oTi [7] BUKOHAHO MOJIEFOBAHHS PO3IOILTY TEMIIEPATYPHOTO MOJIs OETOH-
HOIO 0aJIKOI0, SIKE BPaXOBY€E TIHbOBI €(DEKTH Ta 3MIHU IHTEHCHUBHOCTI COHSYHOTO BH-
MIPOMIHIOBAHHSI MPOTATOM JHS. Pe3ynbTaTu moka3yloTh, 10 TeMIlepaTypHe ToJie Oe-
TOHHOI OaJIKM Mae€ SIBHI HEJHINHI XapaKTepucTuku po3noainy. e mokaszye motpiod-
HICTh aHaII3y TEMIIEPATYPHOTO MOJIsi 0OCOOJUBO JJIsSl CKIIATHUX KOHCTPYKIIIN 3 Pi3HU-
MU Tiepepi3aMu B3JI0BXK MMO3/I0BXKHbBOT OCI.

VY po6oTi [8] HA OCHOBI €KCIIEPUMEHTATBLHUX 3aMKUCIB JI1 KOMITO3UTHOT OAJIKH 31
CTaJIeBUM MpodijeM Ta OETOHHUM MEPEKPUTTAM Oyiia MpoBE/CHa 1 IepeBipeHa Mo-
JIeIb TEPMIYHOTO aHaIi3y METOJOM KIHIIEBUX €JIeMEeHTIB. Mojieib BUpILIYE MUTaHHS
MPOBIAHOCTI TeIJIa B OETOHI Ta CTalli, BPAXOBYIOYH Pi3HI TPAHUYHI YMOBH, SIKI BKJIIO-
YaloTh: COHSAYHE BUNPOMIHIOBaHHS, BIIOUTE BUIIPOMIHIOBaHHS, TEMIIEpATypa MOBITPS
1 IIBUJIKICTh HABKOJIUIITHBOTO MOBITPSI.

VY poboti [9] npuBeneHo pe3ynbTaTH PO3POOKH KPUBUX TEMIIEPATYPHOTO Tpajli-
€HTA JJIsl IPOTHO3YBAHHS TEMIIEpaTypHUX HAIMpPYKeHb KOHCTPYKI(i HA OCHOBI JTaHUX
MOJILOBOTO 1 JIJA0OPATOPHOTO MOHITOPUHTY. OTpUMaHO KPHUBI IPajliEHTa TEMIIepaTypu
Ta MOJIEJIb TEMITEPATyPHUX HATIPYKEHB JJII KOMIIO3UTHOT OaJIKH.

Opnak y po6oTtax [7-9] HE TPOBENEHO OIIHKY TEPMOIIPYKHOTO CTaHy KOMITO3H-
THHX 0aJIOK IMiJICHJICHUX METHJIMETAaKPUIATHUMH KOMITO3HITISIMH.



VY mparax [10-12] HaBomATBCS JaHI JOBrOTPUBAIMX JOCTIKCHDb KIIIMAaTHYHUX
TEMIIEpaTypHHUX BIUIMBIB Ha MPOTOHOBI Oy/0BU MOCTIB. Y po6oTi [10] mpoBeneHo 06-
YUCJICHHSI HECTAIlIOHAPHUX TeMIepaTypHUX MOJIB 3a JOIMOMOTOI0 PO3MOIIIEHOTO aHa-
T3y JaHHUX, IO OTPUMaHI IOBFOCTPOKOBUM KJIIMATUYHUM MOHITOPUHIOM. Pe3ynbratu
nociipkenb [11] moka3yroTh, 10 MOKPUTTS MPOTOHOBUX OYIOB BIJITpae BaKIUBY
POJIb Y 3MiHI PI3HHUIIb TEMIIEPATYP 1 € CYTTEBA PI3HUIIA MK TEMIIEpaTypHUMH Tiepena-
JaMH 13 TIOKPUTTSIM 4u 0e3 Hporo. Ha mizcTaBi gocimimkens [ 12] BcraHOBIIEHO, 10 KO-
JMBAHHSA TEMIIEpaTypyu CHPUUHMHAIOTH MOSABY TEMIEPAaTypHHUX HAmpyXeHb Ta Jedop-
MaIliii y MOCTOBUX KOHCTPYKLIAX. Pe3ynmpTat po3paxyHKIB TeMmmepaTypHHUX Jedop-
Marliii 1 Hampy>keHb Mi3eca, MoKa3aiu, 10 HANPYXXEHHsI Bl TEMIIEPaTypHUX Tpajii€H-
TIB JIOCATAIOTh 3Ha4YeHb A0 25 MIla, mo migkpectoe 000B’I3KOBICTh X BpaxyBaHHS
IpU JOCHIHKEHHI HanpyXeHO-1e(OpMOBAHOTO CTaHy MOCTOBUX KOHCTPYKIIIH.

Y pobori [13] 3a3Ha4eHo, 110 HA CTajli eKCIUTyaTailii MOCTa 3MiHa TeMIepaTyp-
HO-BOJIOTICHMX YMOB CIPUYMHSIE MOPYIIEHHS TIrPOMETPUYHOI PIBHOBAaru OETOHY 3
TOBKIJUISIM, BUHUKHEHHSI 00’ €MHHUX JedopMmariiii 1, Sk HACHIOK, 3MIHY Halpy»KEHO-
nepopMoBaHOro ctany Oanku mMocta. Lle Hacammepes CIpUYMHSIE YTBOPEHHS MIKpPO-
TPIIIUH, 110 OOYMOBIIIOE 3HUKEHHS XapaKTEPUCTUK TPILIMHOCTIHKOCTI 3a11300€TOH-
HOT OaJIKH.

VY pobGorti [14] 3a3HadeHo, 1m0 y 0ankax HEPO3pPi3HOT KOHCTPYKIlT HAMpyKEHHS
BiJl TEIUIOBUX BIUIMBIB, 32 JIaHUMH TPOBEJICHUX PO3PaXyHKIB, CATalOTh 3HAYEHb B
100 MIla npu ctucky Ta 42 Mlla npu po3TAryBaHHI Ta 3a3HAYAETHCS 00OB’ A3KOBICThH
BpaxyBaHHSl BIUIMBY TEMIIEpPATypu HaBKOJMITHBOTO CEPEIOBHINA HA HAMpPy>KEHO-
nedopMOBaHMI CTaH MOCTIB.

VY poboTi [15] nokaszaHo, 110 BiA’€MHI TPAAIEHTH TEMIIEPATYpPU MOXKYTh CIIPUYH-
HUTHU TOSIBY OUIBIIMX 32 3HAYEHHSIMM HamlpyKeHb, aHDK JOJaTHI. AHaji3 po3paxyH-
KiB TIOKa3aB, IO MiJBUIIEHHS TEMMEPAaTypy HABKOJMILHBOIO CEPEJOBHINA Y JIEHHI
TOJIMHU 00U 301IbIIYy€E TeMIEepaTypy HIKHBOI MMOBEPXHI IUIUTH, TIPU IOMY HAmpy-
KEHHSI pO3TATY 3MEHIIYIOThCS. 3a3HA4yae€TbCs, IO PI3HULSA CEpeIHIX TeMIleparyp
BEPXHBOI Ta HWKHBOT MOBEPXOHb MOCTOBOI TUIUTU € BAXJIUBUM (PAKTOPOM TOSIBH Ha-
MPY>KEHb PO3TATY Y HIDKHIN MOBEPXHI1 TIJTUT.

Sk 1 B poborax [7-9], B nochimkenHsx [10—15] Takox He BUSBICHO pe3yJIbTaTiB
II0JI0 OI[IHKA TEPMOIPY>KHOTO CTaHy IUIUTH MOCTA, IMiJICUJIEHOT METUIIMETaKpuIaT-
HUMU KOMITO3HUIIISIMHU.

VY poboTi [16] mpu criocTepekeHH1 3a TeMIIepaTypHUMH TPaJiEHTAMH Y MPOTo-
HOBIH OyZ0BI MocTa Ta 3a nedopmaiisMu y nepepisi KOHCTpyKii (puc. 2, 3) oTpu-
MaHO KOpEJSLIAHY 3aJeXHICTh Jedopmaliil Bl 3MIH TEMIIEPATypPH HABKOJIUIIIHBOTO
CepeIOBHIIIA.

Ha puc. 4 HaBeneHO ropu30HTANIbHI NIEPEMILIEHHSI MOCTa IIPU M1JBUILIEHHI TEM-
nepaTypyu HaBKOJIMIIHBOTO cepefoBuina [17], 3 SKOro BHIHO, IO TEeMIEpPaTypHI
BIUTMBH CIIPUYUHSIOTh BUTUH KOPOOUYACTOT OAJIKK MOCTA.

VY mparax [18, 19] 3a3nagueHo, 1110 HAUTMOMTUPEHIIIUMHY B THKEHEPHIN MPaKTHIII €
MO JIsl PO3PaXyHKY MIITHOCTI KOHCTPYKITIH.

[3 mpoBeaeHOro AOCTIKEHHST HAYKOBO-IOCTITHUX POOIT BUTHO, IO MOJETI JIJIs
BU3HAUEHHS HANPYXEHb Y MOCTOBUX KOHCTPYKIIISIX, IO CIIPUYMHEH] JI€0 KIiMaTH4-
HUX TEMIEPaTypHUX TIEPETajiB, € MEHII PO3MOBCIOPKCHUMU Ta BUBYCHHMH. Kpim



[bOTO, HA CHOTOJHIIIHINA J€Hb HE BUPIIICHO MUTAHHS PO3POOKU MPAKTUUYHUX MOJAEIEH
13 BU3HAUCHHS TEMIIepaTypHHUX IOJIIB Ta HAMpPYXKEHb 3aJ11300€TOHHUX OalKax MOCTIB
MIJCUJICHUX METUJIMETAKpUIATHUMH KOMIO3uIlisiMu. CliJi 3a3HaYUTH, 110 HASIBHICTh
MPAKTHYHUX MOJIEEeH JacTh 3MOTY Ha eTarli MPOEKTYBaHHS PEMOHTY BiJTHOBJICHHS He-
Cyuoi 34aTHOCTI Je()EeKTHUX 3aJ11300€TOHHUX OAJIOK MOCTIB IIPUMATH KOHCTPYKTUBHI
pilIeHHS 13 BUOOPY MaTepiajiB JUisl BAKOHAHHS €(PEKTHBHOTO PEMOHTY.
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Puc. 3. I'padix nedopmariiii Ha BepxHiid, cepeIHIN Ta HIKHIN TOBEPXHAX TIJIUTH Ta
TEMIIepaTypH MOBITPS 3a TJAHUMH BUMIPIOBaHb MPOTATOM OJHOTO poKy [16]
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Puc. 4. Po3nonin nedopmartiiii y moB310BKHbOMY HaIpsiMi OATKK IPU PIBHOMIPHOMY
MiBUIICHHI TEMIIEPATypU

3. MeTa i 3aBIaHHA JOCTIKEeHHSA

MeTtoro poboTH € po3podKa KOMIUIEKCHOI METOAMKH BU3HAYEHHS TEMIIEpATyp-
HUX TOJIB Ta HAPYXXEeHb MIACUICHOI METUIIMETaKPHJIATHUMHU KOMIO3UIIISIMU 3aJ1130-
0eTOHHOI OaJKi MOCTa, 110 JaCThb MOXKJIUBICTh IMPAKTUYHOI OL[IHKK TEPMONPY>KHOTO
CTaHy OaJIKU MOCTA.

JUis nocATHEHHsI 3a3Ha4eHOi MeTH OyJiM OCTaBJI€H! HACTYIIHI 3aBJaHHS:

— BU3HAYMUTH BX1JHI JIaH1 1OJI0 YUCIOBUX JOCHIKEHb TEMIIEPATYPHOIO MOJIS Ta
HaIpy>KeHb M1JICUJICHOI 3a11300€ TOHHOT OAJIKU;

— MPOBECTH OILIHKY TEeMIEPaTypHOTO MOJIS MiACHIACHOI METHIMETAKPUIATOM 3a-
T1300€TOHHOI OaKK MOCTa TIpH il TOJATHUX Ta B €MHUX TEMIEpaTyp HaBKOJHUII-
HBOTO CEPE/IOBUIINA;

— MPOBECTH OLIIHKY TEPMOIPYKHOTO CTaHy IMiJICUICHOI METHIMETaKpUIaTOM
3a11300€TOHHOT OaJKK 13 BpaXyBaHHSAM FEOMETPUYHUX Ta (PI3UKO-MEXaHIYHUX Iapa-
METpPI1B KOHCTPYKTUBHOTO IMIJICUIICHHS.

4. Marepiajn Ta METOAM JTOCJIIKEeHHSA

Po3paxyHoKk TepMOIpyKHOTO CTaHy MOCTIB MPOBOJUTKLCS Yy /Ba eranu. Ha mnep-
IIIOMY €Tari po3paxoBYETHCS PO3MOIIT TEMIIEPATYPHOTO MO, a Jali BU3HAYAIOTHCSA
TeMIIepaTypHI HaNPYyKeHHs 1 nedopmartii.

VY mpami [19] 3a3HayeHo, 10 MEPIIUM Ta YK€ BAXIJIMBUM €TANOM MiJATOTOBKH
MOJIEN1 10 PO3PaXyHKY € MPU3HAYEHHS PO3MIPHOCTI. TakoK HaBEIEHO OJIHOBUMIPHY
MOJICNTb JIUIS OIIHKK TEeMIEpPAaTypHUX HAMPYKCHb MiJICHICHOT METHIMETaKpUIaTOM
3a11300€TOHHOT OaJKh MOCTa Yy 3aJleKHOCT1 BiJ TOBIIMHU Ta MOIYJS MPY>KHOCTI
KOHCTPYKTHUBHOTO TTICHUJICHHS.

Mooenv mennonposionocmi.

JIJIsl OIIHKKM TeMIIEpaTypHOTO OISl Ta HAINPY>KEHb PO3TJISTHYTO JBOIIAPOBY MO-
JIeNb, HU3 SKOI € IIapOM TOHKOTO METHJIMETAaKPHUJIATHOTO MICHUIICHHS, a BEpX — HHXK-
HBOIO TIOJMYKOIO 3a1i300€TOHHOT OanKku MocTa (puc. 5).

PosrasiHyTo mpsMOKyTHY JIeKapTOBY cucTemMy koopauHat OXyZ, B siKiii HaBeJeHa
MOJIEIIb 3aiiMaTUMe 00JIacTh:

(V)={(x,y,z):0£x£x1,0£y£yl,0£z£h}, (1)



z=h b

Ez, vo, 0y, 1
=171
_n | Eu, i, o, K1
z=0
)

Puc. 5. JIBomapoBa Mozeib s pO3paxyHKy TEMIIEPATypPHOTO NOJISI Ta HAIIPYKEHb
HiACUIICHOT METUIIMETAKPUIATOM 3aJ1i300€TOHHOI OaJIKH

KoedirieHT TEmIONpoBiIHOCTI IBOMIAPOBOT MOACII 3a7aeMO hopMyIioro (2):

k,mpu 0<z<7z,

k= (2)

k, mpu z, <z<h.

[Ipunyctumo, o tremmneparypa t y 6aiiii He 3aJeKUTh Bijl 4acy Ta KOOPJIUHAT X,
y. Toni piBHSHHS TETUIONPOBITHOCTI OAJIKH 13 MiACHICHHSIM HaOyBae Bursay [20]:

£(+8)-0

Baxkaemo, 1o Ha nmoBepxuax z=0 i z=h TemneparypHe moJjie IBOIIAPOBOI MOJIe-
711 Ma€ 3HAYCHHS:

t|z=O:t1’ t|z=h:t2’ (4)

a Ha TIOBEPXHI Z=Z; BUKOHYIOTHCS YMOBH 171€aIbHOTO TEIJIOBOTO KOHTAKTY MIXK 3aJi-
300€TOHHOIO 0aJKOI0 1 METUIAMETAKPUIIATHUM MiJICHJICHHSM, [0 B1IOOpa’kaeMo piB-
HSHHSIM:

dt
—7
dz

dt

t 2 4y

k

k1

z=7,+0, (5)

=70 7=7,+0, z=7,-0

Po3B’s3ytoun piBHsiHHA (3) 3 ypaxyBaHHsM piBHSHB (4), (5), oTpuMaeMo piB-
HSTHHSI 11 3HAXOJ/DKEHHS PO3IMOALUTY TEMIIEpaTypy Y BEpTUKAIBHOMY HAIpPsMi MiACH-
neHoi Oamku

Cz+C,,0<z<z,

t= (6)

C,z+C,, z;<z<h,

JIe CTaJll IHTerpyBaHHs, sIKI BXOASTh Y PIBHSHHA (6) BU3HAYAEMO 13 HACTYITHUX BUPA3iB:



k
C,=1"Cyi C=t,~Ch (7)

2

OTixe, BU3HAUYMBIIM CTaJl IHTETpyBaHHs 13 piBHAHHSA (7), 32 piBHIHHAM (6) 3Ha-
XOJIUMO PO3IO/ILT TEMIIEPATYPHOTO TOJIS Y IBOIIAPOBIH OasIIil.

Jlaiti po3riasHeEMO MOJIeTh TEPMOIIPYKHOTO CTaHy OajKH.

Mooenb mepmonpysicno2o cmary niocuneHoi 6aixu.

Hexait momyne npykHocTi, koedimieHT Ilyaccona 1 koedilieHT JiHIHHOTO Tem-
JIOBOTO PO3IIUPEHHSI METUIMETAKPUIATHOTO MiJCUIICHHS Ta 3a11300€TOHHOT OaJIKu
BI/IMOBITHO BU3HAYAIOTHCS 32 (PopMysIaMu:

E_ E npu0<z<z, o vyiopu0<z<z,
E, mpuz, <z<h; V, mpu 2, < 2 < h

o, opu0<z<z,
o= ! p 1 (8)
o, npu 2, <Z<h,

[Ipunyctumo, 1o TemnepaTypHe Mnosje MiACUICHOI 0alku BU3HAYa€eThes 3a Qop-
MyJ1oto (6), a moBepxHi Z=0 i z=h BiJIbHI Bil HABaHTaXXCHb. [HIIN MOBEPXHI MiICHICHOT
OaJIKM 5KOPCTKO 3aKPIIJIEHI.

JI71s1 BU3HAUYEHHSI HanpyKeHO-1e(OpMOBAaHOr0O CTaHy MiJACUIIEHO1 OaJIKH BUKOPHU-
CTAaEMO PIBHSAHHS TEOpii TEPMONPYKHOCTI. B 11bOMy BHIMAJKy NEpEeMIIICHHS 3a Ha-
MpSIMKaMH KOOPJIMHATHUX OCEH X, y, KOMIIOHEHTH TeH30pa jaedopmaliiii €, €;, €12,
€13, €23 Ta KOMIIOHEHTH TE€H30pa HANpYyKEHb G12, G13, G23 JOPIBHIOIOTH HYJIO. PiBHSIH-
Hsl pPIBHOBAru MiJICHJICHOT OaJIKu HaOyBa€ BUTTISIY:

do; _

TR )

7ie 63 — KOMITOHEHTa TeH30pa HAMPYKEHb.
I3 piBHsAHHS (9) 3 ypaXyBaHHIM KpailoBUX YMOB 63,=0=0, 63|,=n=0 oTpumaemo

c,=0. (10)
Ockinbku €1=0, €,=0, 63=0 1o cniBBinHOImEHHs J{foamens Ha0yBalOTh BUTIISLY

é(cl—v02)+oct20, é(cz —v01)+0ct:0, (11)



1€ 01, G2 — KOMIIOHEHTH T€H30Pa HAIMPYKEHb.
Po3B’si3ytoun cucreMy piBHsHB (11), 3HaiiieMo BUpa3u A7 OIiHKUA TeMIlepaTy-
PHUX HaIpy>KeHb IT1JICUJICHOI 3a11300€TOHHOT OaJIKU:

aotE atE

T Ty (12

6, =

Otpumani piBHsSHHS (12) 103BOJSIOTh BUSHAUUTU TEPMOMNPYKHUN CTaH MiACH-
JieHO1 OaJiK 13 BpaxyBaHHSIM (PI3MKO-MEXaHIUHMX MapaMeTpiB MaTepiaay MeTUIIMe-
TaKPUJIATHOTO TIICUJICHHS Ta OAJIKH i TEMIIEPAaTypy HAaBKOJIHMIITHBOTO CEPEIOBHUIIIA.

5. Pe3yJbTaTH po3po0KH KOMILICEKCHOI METOAMKH BH3HAYCHHS TeMIleparTy-
PHHUX MOJIB Ta HANPYKEHb MiJACUJIEHOI METHJIMETAKPWIATHUMH KOMIIO3UILisIMH
3aJ1i300€TOHHOI 0aJIKH MOCTa

5. 1. BxigHi 7aHi 1010 YUCJIOBHUX J0CTiIKEHb TEMIIEPATYPHOTO MOJISl TA HA-
NPYKEeHb MIACUJICHOI 3a/1i300€TOHHOI 0aJIKH

YucioBl JOCHIIKEHHS HANPY>KEHb MIACHICHOI 0aTKK MPOBEAECHO 3a 3HAYEHb (]i-
3UKO-MEXaHIYHUX MapaMeTpiB 3ali300€TOHHOI OaJKu Ta METUJIMETAKPUTIIATHOTO Mi-
JICUJICHHSI, 1110 HaBeeH1 y Taou. 1.

Tabmuus 1.
Di3UK0-MeXaHIYH1 XapaKTEPUCTUKH 3aJ11300€TOHHOI 0aIKK Ta METHJIMETAKPUIATHOTO
M ICHJIEHHS

o 11/ a3Ba XapaKTEPUCTUKU HAYCHHS 03MIpPHICTh
No 1/ H 3 P

[TpwuitasiTi MoaymMi ipy>kHOCTI MeTMMeTakpu- | 5000, 10000,

1 . MIIa
JIATHOTO MiJCHIeHHs, Eq 15000
2 Monynb npyXHOCTI 3a511300€TOHHOT Oanku, E; 3,6-10* MlIla
3 [Tpuitnsatuit koedimient [Tyancona metuime- 03
TaKPWJIATHOTO TJACHUICHHS, V1 ’
4 Koedimient I[Tyancona 3ami300€TOHHOI Oanku 0.25
1) '
[TpuitHsaTuil KoediUieHT JIHIKHOTO TeMIEpa-
5 TYPHOTO PO3LIMPEHHS METUIMETAKPUIIATHOTO 1,25-10° 1/°C
ITCHIICHHS, Ol
6 KoeditieHT niHiiHOTO TeMIiepaTypHOTO pPO3- 1.0-105 1/°C
HIMPEHHS 3a11300€TOHHO1 OAJIKH, 02 ’
7 [TpuitasaTuii KoeimMieHT TETIOTPOBITHOCTI 20 Br/(m-°C)
METHJIMETAKPUJIATHOTO MiJICHIICHHS, K1

KoedimieHT TemmonpoBiTHOCTI 3a11300€ TOHHOT o

8 19 Bt/(m-°C)
oanku, kp

UucnoBi JOCHIIKEHHS TEMITEPATYPHOTO TOJIS MiCUIICHOT 311300 TOHHOT OalIK1
MOCTa TPOBEACHO MPH HACTYIMHHX 3HAYCHHSIX T'€OMETPUYHUX TapaMeTpPiB MOJCII:
z=200 MM; TOBIIMHA TOKPUTTSA Z1 3MiHHA: 10 MM, 15 MM Ta 20 Mm.




[Ipu momaTHUX TemmepaTypax HaBKOJMIIHBOTO CEPEIOBHUINA 3HAYCHHS TEMIIe-
paTypu noBepxHi O6anku npuitHato piBHuM t1=20 °C Ta mokputts piBauM t,=30 °C, a
IIPH BiJ’€EMHUX TeMIepaTypax HaBKOJHUIIHBOTO cepeoBuIlia — BianoBigHo t1=—15 °C
ta t,=—10 °C.

5. 2. Pe3yabTaTu AOCJiIKeHb TeMIIEPAaTypPHOIo MoJisl y MiAcHJIeHil 3aJi30-
oeToHHIN OaJIi

PesynbraTti mociiKeHb TeMIIepaTypHOTO OIS y 3aTi300€TOHHIN Oaili i3 Me-
TAJIMETAKPUIATHUM TIICUICHHSIM TMPU JOJATHUX Ta B’ €MHHX TeMIlepaTypax Ha-
BKOJIMIITHLOTO CEPEIOBHUIIA HAaBEJIEHO HA puC. 0.
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Puc. 6. Po3noin TemnepatypHoro moJjs y 3ay1i300€TOHHIN Oaili 13 MeTUIMETaKpH-
JIATHUM IT1ICHJIEHHSIM

I3 puc. 6, BuaHO, 110 TeMIIepaTypa pO3MOAUIAETECS HE PIBHOMIPHO y BEpTHKA-
JHHOMY HampsiMi MiJICUIJICHOT 3ai300€TOHHOT Oanku. Buiie 3HaueHHsS TemmepaTypu
Mae 3a11300eToHHa OaJika.

[Tpu nomaTHUX 1 BiJ’ €EMHMX TEMIEPATypPHHUX TEperagax HaBKOJUITHBOTO cepe-
JIOBUIIIA TeMIIeparypa METUIMETAKPWJIATHOTO MiJACWICHHS CTAaHOBUTH BIJIMOBIIHO
+20 °C 1 -15 °C, 3am3o06eronnoi 6anku +30 °C i —10 °C, a Ha KOHTaKTi 3a/1i300€TOH-
HOT 0aJKM Ta METHJIMETAKPHWJIATHOTO MIJICUJIEHHS CIIOCTEPIraeThCs 3MiHA TPATIEHTY
TEeMITepaTypH.

Jlani 3a BIIOMUMU 3HAUYEHHAMH TEMIIEPATYPHOIO MO MPOBEAEMO OLIHKY Tep-
MOIIPY>KHOTO CTaHy MiJCHUJIEHOI 3a11300€TOHHOT Ok MocTa. JloCIiIKeHHsT TTpoBe-
JICHO Y 3aJIEKHOCTI Bl TEOMETPUYHHX MMapaMeTpiB Ta (i3MKO-MEXaHIYHUX BIACTHUBO-
CTEH MiACWIICHO1 OaJIKH, sIKI HaBelIeHo y Tadm. 1.

5. 3. Pe3yabTaTn O0CAiAKEeHb TEPMONPYKHOI0 CTaHy y MiJcUJIeHil 3aJi30-
OeToOHHIN 0asIi

PesynbraTti mocimiKeHHsT HANPY>KEeHb Yy TMIACUIICHIN 3a1i300€TOHHIN Oaii mpu
JOJATHUX TEeMIEpaTypHHUX IepernajaXx HaBKOJUIIHBOIO CEpPE/IOBUINA HABEJIECHO Ha



puc. 7-9. ¥V nanomy BUNAAKY PO3MOALT TEMIIEpaTypHUX HAmpy>KeHb OTPUMAHO Y 3a-
JIEKHOCTI B1J TOBIIMHU Ta MOJIYJISl IPYKHOCTI METHIIMETAKPUIIATHOTO Mi/ICUIICHHS.
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Puc. 7. Po3nonin HanpyXeHb y MiACUIICHIN 3a/11300€TOHHIN Oallli Mpyu MOyl TPYXK-
HOCTI KOHCTpyKIiitHoro miacuienus £=5000 Mlla 1 qogaTHux Temmneparypax
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Hanpyxenns, MIla

Puc. 8. Po3nosin Hampy»XeHb y TiACHIeH1H 3a11300€TOHHIM Oaiii mpu MOy IPyK-
HOCTI KoHCcTpyKuiHoro miacuneHas £=10000 MIla i nogatHux TeMieparypax
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Puc. 9. Po3nofin Hanpy»eHb y TiACHIEHIH 3a11300€TOHHIHM Oaiili mpu MOy IPyK-
HOCT1 KOHCTpyKItiitHoro miacuienus £=15000 MIla i nogaTHuX TeMrepaTypax



[3 mpuBeneHux pe3ynapTaTiB pO3paxyHKy puc. /—9 O6auumo, M0 OpU AOAATHUX
TEMIIEpaTypax HAaBKOJHIIHBOTO CEPEIOBHUINA Ha KOHTAKTI 3ali300€TOHHOI OalKku Ta
HiICUJICHHS] BUHUKAE 3MiHA XapakTepy pO3IMOALTy TeMIIepaTypHHUX HampykeHb. [lpu
IIbOMY TEMIIEpaTypHI HANpPY>KEHHS 13 30UIbIICHHSAM BEIUMYMHU MOIYJIS IPY>KHOCTI
M1JCUIICHHS 301IbIITYIOThCS. | Tak Mpu TOBIIMHI MOKPUTTSA 20 MM 1 pU MOJYJI MpY-
xkHocti migcuwieHHs E=5000 MIla BenuuyuHa HanpyXKeHb Ha KOHTAKTI ITiACHUJICHHS-
6anka cranouth 1,87 MIla, mpu £=10000 MIla — 3,74 MlIa, a npu £=15000 MIla —
5,61 MI]a.

Ha puc. 10-12 naBeneHO po3MOIiT HAPYXEHb Yy 3aTi300€TOHHIN Oanii i3 Me-
TUJIMETAKPUIATHUM TiACHICHHSIM TIPH BT’ €EMHUX TEMIIEpaTypax MOBEPXOHb.
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Puc. 10. Po3noain Hanpy>XeHb y MiACUIICHIH 3a/11300€TOHHIN OaIli TpH MOAYII MPy-
KHOCT1 KOHCTpyKIiiitHoro miacuinenHs £=5000 MIla 1 Bix’emHuX Temneparypax
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Puc. 11. Po3noain HanpyXeHb y MiACUIICHIH 3a11300€TOHHIN Oalli Tpu MOAYII MPy-
*HOCTI KOHCTpyKuiHOTOo miacuienHs £=10000 MIla i Big’eMHux TemmepaTypax

PesynbTaTi mociimKeHHS TEPMOIPYKHOTO CTaHy MiJICHIICHOT METHIIMETaKpHJia-
TOM 3aJ11300€TOHHOI OaJIKK MOKa3aju, 0 K MPU AOJaTHUX TaK 1 MPU Bl €EMHHUX Te-
MIIepaTypax HaBKOJHUIITHBLOTO CEPEJOBHIINA HA KOHTAKTI Oajka-MiJCUICHHS BUHHUKAE
3MiHa XapaKTepy po3MoJIily TeMIIEpaTypHUX HapyKeHb (Tadi. 2).

BenuunHa TemMnepaTypHUX HANpPY>KEeHb CYTTEBO 3aJI€KHUTh BiJl MOJYJIS MPYKHO-
CTI METWJIMETAKPUJIATHOTO MiJACUICHHS 1 MaJIO 3QJICKUTh BiJ Horo ToBmUHH. [Ipu



TOBIIMHI TOKPUTTS 20 MM 1 ipu Moay:i npykHocTi nokpurts £=5000 MIla Bennuu-
Ha HaIpy>KeHb Ha KOHTAKTI MOKPUTTA-0anka craHoBuTh 1,3 MIla, npu £=10000 MIla
— 2,59 MIla, a npu £=15000 MTIla — 3,89 MIIa.
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Puc. 12. Po3nozin Hanpy>XeHb y MiJICUIICHIN 3a11300€TOHHIH 0aili mpy MOy Mpy-
®KHOCT1 KOHCTpyKuiHOoro miacuienHs £=15000 MITa i Bia’eMHux TemmnepaTtypax

Tabmurs 2
Po3nojin remnepatypHUX Hapy>KeHb Y NIACWICHIN 0aji MocTa

Monyns npyxHocTi nokputtsa, Mlla
ToBIMHA TOKPUTTS, MM 5000 | 10000 | 15000
Hanpyxenuns, Mlla
ITpu nii gogaTHUX TemmepaTyp
10 -1,83 —3,66 —5,48
15 -1,85 3,70 —9,95
20 -1,87 —3,74 5,61
ITpu aii B’ eMHHUX TeMOIIEpaTyp
10 1,32 2,64 3,95
15 1,31 2,61 3,92
20 1,30 2,59 3,89

6. OO0roBopeHHs1 pe3yJbTATiB OUiHKH TEPMONPY:KHOTO CTAaHY MiJCHJIEHOI
3aJ1i300€TOHHOI 0aJIKH MOCTA

[3 mpoBeaeHUX AOCTIIKEHb PO3NOILITY TEMIEPATYPH Y BEPTUKATBLHOMY HANpsAMI
3aJ11300€TOHHOT OaJIKK 13 MOKPUTTIM (pHUC. 6) BCTAHOBJICHO, 110 Ha KOHTAKT1 Oajka-
MIJICUJICHHS! BUHUKAE 3MiHA TPaJllEHTy Temmepatypu. Lle moscHioeThes pizHuMu ¢i-
3UKO-MEXaHIYHUMH BJIACTUBOCTSIMH 3a11300€TOHHOT OaJIKH Ta METUIMETAKPHUIATHOTO
nigcuiaeHHs (Taou. 1). Buliie 3HaueHHS TeMIepaTypH Mae 3a1i300eTOHHA Oasika.

Coin 3a3Ha4uTH, 110 TOBIIMHA TTOKPUTTSI HE 3HAYHO BIUIMBAE HA PiBEHb TEMIIEpa-
TYpHUX HaNpy>XeHb Ha KOHTAKTi Oanka-mijcuicHHs. Pi3HUIIS OTpUMaHUX 3HAYEHb Ha-
MPY>KEeHb 7151 OAJIKK 13 METUIIMETAKPUIIATHUM TiACHICHHSIM TOBIMHOO 10 MM 1 20 MM
npu Moy npykHocti £=15000 MITa cranoButh 10 3 % (Tad:. 2). L{g pi3HuIs BUHU-
Kae, sIK MPH JOJATHUX TaK 1 B’ €MHHUX TeMITEpaTypax HaBKOJHUIITHBOTO CEPEIOBHIIIA.



[TpoTe, HEOOXITHO 3a3HAYUTH, IO 13 MIJBUIICHHIM MOAYJS MPYKHOCTI METHII-
METaKpUJIATHOTO MiJCUJICHHS BEJIMYMHA TEMIIEPATypHUX HANpPYXKEHb y KOHTAKTHIN
30H1 OaJIKa-TiJICUJICHHs 3pocTae. Tak, BeIMUYMHA TEPMOINPYKHOTO CTaHy OaJIKH 13 Me-
TUJIMETAKPUJIATHUM TIJACUJIEHHSIM BHcCOTOr0 20 MM mOpW  MOAYJI HPY)KHOCTI
E£=5000 MIIa 1 £=15000 MIIa 1 aii nogaTHUX Ta BiJ’€EMHUX TeMIepaTyp HaBKOJIMIII-
HBOT'O CEPEIOBHINA 301IbIIYEThCS y Tpu pas3u (Tadi. 2). 110 0coOauBicTh HEOOXITHO
BpaxyBaTH MPY BUKOHAHHI MMICKIICHHS Je()EKTHUX 3aJ11300€TOHHUX OAJIOK MOCTIB.

OpmHuM 13 HEAOMIKIB MTPOBEACHOTO TOCTIKEHHS € BIJICYTHICTh PEATBHUX EKCIIe-
PUMEHTAIBHUX JaHUX PO3MOALTY TeMIIEpaTypH IO MiJCHICHIN 3ami300eTOHHiH Oani,
SK y BEpTUKATHHOMY TakK 1 MOB3J0BXKHHOMY HaIpsaMi Oanku MocTa. ToMy momanbImit
PO3BUTOK HAYKOBHX JOCIIHKCHb TUTAHYETHCS BUKOHYBATH 13 BpaXyBaHHSIM PO3TO/Ii-
Ty TeMIiepaTypH MO JTOBXHHI MiJACHICHOT 3a11300€TOHHOI 0alKi y ABOBUMIpPHIN MOC-
TAHOBII 3aja4l AociiKeHb. KpiM 11010, 1aHa MoJienb J03BOJIsIE BUSHAYUTH TEPMO-
MPY>KHUN CTaH MJCWICHUX 0aJOK TUTbKH Y BEPTUKAIILHOMY HAIPSMI.

7. BucHOBKH

1. Bu3zHaueHi naHi IJs YUCJIOBUX JOCIHIKEHb JO3BOJISIIOTh BUKOHATH MOJIEIIO-
BaHHSI TEMIIEPATYpPHOTO TOJIA Ta HANPYXEHb IiJICUIIEHOI 3a11300€TOHHOI Oanku 13
BpaxyBaHHSIM (PI3MKO-MEXaHIYHUX I[apaMeTpiB MaTepialy MEeTUIMETaKpUIaTHOTO
MIJCUJICHHS Ta 0ajku, a TaKOX TeMIlepaTypy HaBKOJMIIHbOTO cepenoBuiia. [Tokasa-
HO, 1[0 YJOCKOHAJICHa MOJIENIb Ma€ MPAaKTUYHE 3aCTOCYBAHHS ISl OLIIHKH TemIiepa-
TYpPHHUX TOJIIB Ta HANpPYK€Hb MIACHICHHUX JBOMIAPOBUX OaJOK 13 BpaxyBaHHSAM [li
KIIIMaTHYHUX TEMIEPATYPHUX MTepenaaiB HaBKOJUITHROTO CEPEIOBHUIIIA.

2. PesynbTatu po3noaily TEMIEPaTypHOTO MOJs Y BEPTUKAILHOMY HampsMi Iii-
JICUJIEHOT 3a11300€TOHHOT 0aJIKi MOCTa MOKa3aJlv, 10 MpH JOJATHUX 1 BiJ’ €MHUX Te-
MITepaTypHUX TIEpenaaax HaBKOJWUHIHHOTO CEPEIOBHUINA TeMIlepaTypa METHIMETa-
KPWJIATHOTO IMJACWICHHS CTaHOBUTH BifmoBigHo +20 °C 1 —15 °C, 3amizo00eToHHO1
6anku +30 °C 1 —10 °C, a Ha KOHTaKTi 3a11300€TOHHOT OAJKK Ta METUIIMETaKpUIaT-
HOT'O TIJICUJICHHSI CIIOCTEPIra€Thcs 3MiHA TPaJIiEHTy TemiiepaTypH. Lle sBuiie 3yMoB-
JICHO PI3HUMU (I3MKO-MEXaHIYHUMH XapaKTePUCTUKAMH KOHCTPYKIIMHUX Martepia-
JiB OaJIKM Ta METUIMETAKPHIIATHOTO T ICHICHHS.

3. Ha xoHTakTHIIl MOBEPXHI 3a71300€TOHHIN OaaKu 1 METUIMETAKpUIIATHOTO TIi-
JICWJICHHS B1I0YBA€THCA 3MIHA XapaKTEPy PO3MOIUTY TEMIEPATYpPHUX HAMPYKEHb 110
BHUCOTI Oanku. BennunHa HanpyXeHb y KOHTAKTHIM 30HI MPU JAOJATHUX TeMIIepaTry-
pax ckmana — 5,61 Mlla, a mpu Big’emaux — 3,95 MIla. BcranoBneHo, 1o TOBIIMHA
MMOKPUTTS HE Ma€ 3HAYHOTO BIUIMBY Ha IMIJABUIICHHS TEMIICPATYpPHHX HANpPYXKCHb,
MPOTE 301IBIIEHHS MOJIYJIIO TIPY>KHOCTI MOKPUTTS MPU3BOJIUTH 10 MiABUILCHHS TEM-
MepaTypHUX HAMPYXEHb Y KOHTAKTI 3a11300€TOHHOI OaJKK 13 METUIIMETaKPUIaTHUM
nigcuiaeHHsM. [Ipu pi3HuUlll TOBIMHU MOKPUTTS y 10 MM Hampy»KeHHS y KOHTaKTi
OaJika-miACHIICHHS Py MOAYJ1 TIpy>KHOCTI TOKpUTTs AE=15000 MITa 361nbm1ytoThes
1o 3 %, a npu pizHuLi MoaymiB npyxHocti y AE=10000 MIla Bennunna temmnepary-
PHUX HAMPY>KeHb 30IBIITYETHCS Y TPU Pa3y.
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This paper reports the analysis of methods for
determining temperature stresses and deforma-
tions in bridge structures under the influence of
climatic temperature changes in the environment.

A one-dimensional model has been applied
to determine the temperature field and ther-
moelastic state in order to practically estimate
the temperature fields and stresses of strengthe-
ned beams taking into consideration temperature
changes in the environment.

The temperature field distribution has been
determined in the vertical direction of a reinforced
concrete beam depending on the thickness of
the structural reinforcement with methyl metha-
crylate. It was established that there is a change
in the temperature gradient in a contact between
the reinforced concrete beam and reinforcement.

The distribution of temperature stresses in the
vertical direction of a strengthened reinforced
concrete beam has been defined, taking into con-
sideration the thickness of the reinforcement with
methyl methacrylate and the value of its elastic-
ity module. It was established that the thickness
of the reinforcement does not have a significant
impact on increasing stresses while increasing the
elasticity module of the structural reinforcement
leads to an increase in temperature stresses. The
difference in the derived stress values for a beam
with methyl methacrylate reinforcement with
a thickness of 10 mm and 20 mm, at elasticity
module E=15,000 MPa, is up to 3 % at positive
and negative temperatures.

It has been found that there is a change in the
nature of the distribution of temperature stresses
across the height of the beam at the contact sur-

face of the reinforced concrete beam and methyl
methacrylate reinforcement. The value of tem-
perature stresses in the beam with methyl metha-
crylate reinforcement and exposed to the positive
and negative ambient temperatures increases by
three times.

It was established that the value of tempe-
rature stresses is affected by a difference in
the temperature of the reinforced concrete beam
and reinforcement, as well as the physical and
mechanical parameters of the investigated struc-
tural materials of the beam and the structural
reinforcement with methyl methacrylate

Keywords: bridge reinforcement, reinforced
concrete beam, methyl methacrylate reinforce-
ment, temperature field
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1. Introduction

ficial structures across the country need immediate repair.

According to data from [1], examination of the technical
condition of bridges in Ukraine in 2020 found that 895 arti-

Of these, 169 are already in pre-emergency condition.
It should also be noted that ensuring the trouble-free
operation of bridges in developed countries is also a relevant




issue. Recall the collapse of a four-lane road bridge in Italy
in 2018. Therefore, the application of promising technologies
for repairing defective bridges is an urgent task for bridge
engineering.

To improve the bearing capacity of road bridges, a method
for strengthening beams with methyl methacrylate compo-
sitions (hereinafter, methyl methacrylate) has been used in
recent years. The general view of the extreme beams in a motor
bridge reinforced with methyl methacrylate is shown in Fig. 1.

Fig. 1. Strengthening the reinforced concrete beams
of a bridge with methyl methacrylate

Methyl methacrylate is a low-binding polymer used to
reinforce the beams of road, city, and pedestrian bridges. It is
characterized by increased strength and durability [2].

The reinforcement of beams involves arranging a non-re-
movable metal formwork at the bottom of the beam at a dis-
tance equal to 20 mm from its lower shelf. This gap is covered
with fine sand; a methyl methacrylate composition is then
added, which freely penetrates cracks and capillaries.

When methyl methacrylate interacts with particles of fine
sand, a strong structural element is formed, which fills the
cavities and cracks in a reinforced concrete beam, firmly binds
them, thereby contributing to the strengthening of the beam.

However, at the same time, it is necessary to take into
consideration the possible impact of climatic temperature
conditions on the stressed-strained state of those reinforced
concrete beams in the bridges that are strengthened with
methyl methacrylate.

In addition, significant and sharp changes in ambient
temperatures and an increase in the ranges of their change
(in summer, the maximum temperature increases; in winter,
the minimum temperature decreases) over the past five years
lead to an increase in the deformability of bridge beams.
Therefore, it is a relevant task to study work of the structural
reinforcement of bridge beams with methyl methacrylate
exposed to variable ambient temperatures.

2. Literature review and problem statement

It was established that there are a number of studies on
determining the temperature fields and stresses in bridge
structures without reinforcement under the action of clima-
tic temperature influences of the environment [3-9].

Paper [3] proposes mathematical models for calculating
the thermal conductivity and thermally stressed state of
a fragment of the metal corrugated shell of a transport struc-
ture whose side surfaces are heated to different temperatures.
However, the model for assessing the thermally stressed state

of the shell takes into consideration only the homogeneous
medium of the structure.

Work [4] states that the temperature difference in the
boxed beams of bridges can reach values above 40 °C. How-
ever, no studies into the thermoelastic state of the box beam
reinforced with methyl methacrylate compositions were
carried out.

Paper [5] reports the results from a long-term monitoring
of deflections of several bridges in Switzerland and shows the
daily and seasonal movements of bridges under a thermal in-
fluence. The authors established a ratio between the measured
temperatures and gradients and the position of a bridge and
described methods for compensating thermal effects. How-
ever, no studies into the impact of daily and seasonal tem-
peratures on the stressed-strained condition of bridges were
carried out. And there are no models to assess the thermal-
ly-stressed state of bridges exposed to variable temperatures.

Work [6] reports the results of studying a temperature
distribution and the corresponding reactions of a suspension
bridge across the span by combining numerical analysis and
monitoring on the ground. Thin finite-element models of
bridge components were built to numerically assess the im-
pact of temperature fields on the bridge structure. However,
the cited work does not provide methods for assessing the
thermoelastic state of bridges; it only analyzes the distribu-
tion of temperature gradients.

Paper [7] simulates the distribution of a temperature field
across a concrete beam, which takes into consideration the
shadow effects and changes in the intensity of solar radiation
during the day. The results show that the temperature field
of the concrete beam has obvious nonlinear characteristics
of the distribution. That proves the need to analyze the tem-
perature field, especially for complex structures with diffe-
rent cross-sections along the longitudinal axis.

Based on the experimental records for a composite beam
with a steel profile and concrete overlap, a thermal analysis
model was built and tested using a finite element method in
work [8]. The model addresses the issue of heat conducti-
vity in concrete and steel, taking into consideration various
boundary conditions that include solar radiation, reflected
radiation, air temperature, and ambient air speed.

Paper [9] reports the results of developing temperature
gradient curves to forecast the temperature stresses in
a structure based on data from field and laboratory moni-
toring. The temperature gradient curves and a temperature
stress model were constructed for a composite beam.

However, works [7-9] did not assess the thermoelastic
state of composite beams strengthened by methyl methacry-
late compositions.

Papers [10—12] provide data on the long-term studies of
climatic temperature impacts on the span structures of bridges.
The authors of [10] calculated non-stationary temperature
fields using a distributed analysis of the data acquired from
long-term climate monitoring. The results of [11] show that the
coating of the span structures plays an important role in chang-
ing temperature differences; there is a significant difference
between temperature changes with or without coating. Based
on research, it was established in [12] that temperature fluctu-
ations cause temperature stresses and deformations in bridge
structures. The results of calculating the temperature deforma-
tions and strains by Mises demonstrated that stresses from tem-
perature gradients reach values up to 25 MPa, which emphasi-
zes the mandatory consideration of taking them into account
in studying the stressed-strained state of bridge structures.



Work [13] states that at the stage of bridge operation
a change in the temperature and humidity conditions dis-
rupts the hygrometric equilibrium between concrete and
the environment, leads to the occurrence of volumetric de-
formations, and, as a result, changes the stressed-deformed
state of the bridge beam. That primarily causes the evolution
of microcracks, which predetermines a decrease in the cha-
racteristics of crack resistance of reinforced concrete beams.

Paper [14] notes that in the solid-structure beams, stres-
ses due to thermal influences, according to the calculations
carried out, reach values of 100 MPa during compression and
42 MPa during stretching; it is noted that it is necessary to
take into consideration the environmental temperature on
the stressed-strained state of bridges.

Work [15] shows that negative temperature gradients
may cause higher stresses than positive ones. Analysis of
the calculations revealed that an increase in ambient tem-
perature in the daytime increases the temperature of the
lower surface of the slab; in this case, the stretching stresses
decrease. It is noted that the difference in the average tem-
peratures of the upper and lower surfaces of the bridge slab is
an important factor in the occurrence of stretching stresses in
the lower surface of slabs.

Studies [10—15], similarly to works [7-9], reported no
results in assessing the thermoelastic state of a bridge slab
reinforced with methyl methacrylate compositions.

In [16], when observing temperature gradients in the
span structure of a bridge and deformations in the cross-sec-
tion of the structure shown in Fig. 2, 3, the authors estab-
lished a correlation dependence of deformations on changes
in ambient temperature.
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Fig. 2. Distribution of temperature gradients
in a bridge slab [16]
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Fig. 3. Deformation chart at the upper, middle, and lower
surfaces of a slab, and the air temperature based on
measurements over one year [16]

Fig. 4 shows the horizontal movements of a bridge when
the ambient temperature rises [17]; it demonstrates that
temperature influences cause the bending of the box beam

of the bridge.
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Fig. 4. Distribution of deformations in the longitudinal
direction of a beam with a uniform increase in temperature

Works [18, 19] indicate that the most common in engi-
neering practice are models for calculating the strength of
structures.

Our review of the scientific papers reveals that models
for determining stresses in bridge structures caused by cli-
matic temperature changes are less common and studied. In
addition, the issue related to developing practical models
for determining temperature fields and stresses in the rein-
forced concrete beams of bridges strengthened with methyl
methacrylate compositions has not been resolved up to now.
It should be noted that the existence of practical models
would make it possible, at the stage of planning the repair
or restoration of the bearing capacity of defective reinforced
concrete beams of bridges, to make constructive decisions on
the choice of materials for effective repair.

3. Literature review and problem statement

The purpose of this work is to devise a comprehensive pro-
cedure for determining temperature fields and stresses in the
reinforced concrete beam of a bridge strengthened with methyl
methacrylate compositions, which could make it possible to
practically assess the thermoelastic state of a bridge beam.

To accomplish the aim, the following tasks have been set:

—to define input data related to the numerical studies
into the temperature field and stresses of the strengthened
reinforced concrete beam;

—to assess the temperature field of the reinforced con-
crete beam of a bridge strengthened with methyl metha-
crylate under the influence of positive and negative ambient
temperatures;

— to assess the thermoelastic state of a reinforced con-
crete beam strengthened with methyl methacrylate, taking
into consideration the geometric and physical-mechanical
parameters of structural reinforcement.

4. The study materials and methods

The thermoelastic state of bridges is estimated in two
stages. At the first stage, the distribution of a temperature
field is calculated; then the temperature stresses and defor-
mations are determined.

Work [19] states that the first and very important stage in
preparing a model for calculation is to set its dimensionality.
It also gives a one-dimensional model to assess the tem-
perature stresses in a reinforced concrete beam of a bridge,



depending on the thickness and the module of elasticity of
structural reinforcement.

Thermal conductivity model.

To assess the temperature field and stresses, we have
considered a two-layer model whose bottom is a layer of thin
methyl methacrylate reinforcement, and the top is the lower
shelf of the reinforced concrete beam of the bridge (Fig. 5).

z=h ]
E; vy, 05 ks

z=z,
2=0 EL vy, ap, ki
[2)

Fig. 5. Two-layer model for calculating the temperature field
and stresses in a reinforced concrete beam strengthened
with methyl methacrylate

Consider the rectangular Cartesian Oxyz coordinate system,
in which the above model would occupy the following region:

(V)={(x,y,z):OSx£x1,OSySy1,0£zSh}. )

The coefficient of thermal conductivity of a two-layer
model is determined from formula (2):

k at 0<z<z,
k={1a z<z, )

kyat z,<z<h

Assume the temperature ¢ in a beam does not depend on
the time and the x, y coordinates. The thermal conductivity
equation of the beam with reinforcement then takes the fol-
lowing form [20]:

d(, dt

We believe that on surfaces z=0 and z=/ the temperature
field of a two-layer model accepts the following values:

Z-|z:O:t1’ tlz:h:tZ’ (4)

and, on surface z=z4, the conditions of ideal thermal contact
between the reinforced concrete beam and methyl metha-
crylate reinforcement are met, which is expressed by the
following equation:

.,
dz

dt

t E 222,40 *

=t

ky

)

z=2—0 z=2/+0, z=2-0 = k2

Solving equation (3) and taking into consideration equa-
tions (4), (5), we obtain an equation to find the distribution of
temperature in the vertical direction of the reinforced beam:

Cz+C,0<z<z,
t= (6)

Cyz+C,, z,<z<h,

where the integration constants, included in equation (6), are
determined from the following expressions:

t,—t k
C1:%; C=t; C3:?1C1? Ci=t,=Csh. (7)
z+-1(h-2) 2
k2

Thus, having determined the constants of integration
from equation (7), equation (6) is used to find the distri-
bution of the temperature field in a two-layer beam. Next,
consider a model of the thermoelastic state of the beam.

Model of the thermoelastic state of the reinforced beam.

Let the modulus of elasticity, the Poisson coefficient,
and the coefficient of linear thermal expansion of the methyl
methacrylate reinforcement and reinforced concrete beam
are determined from the following formulas:

{E1atOSz£z1, {U1at0SzSz1,
E= 0=

E,atz,<z<h v, at z, <z<h

o,at 0<z<z,
o= (8
o, at z,<z<h.

Assume the temperature field of the reinforced beam is
determined from formula (6), and the surfaces z=0 and z=#
are free from loads. Other surfaces of the reinforced beam are
rigidly fixed.

To determine the stressed-strained state of the reinforced
beam, we use an equation from the theory of thermoelasticity.
In this case, movements along the directions of the x, y coor-
dinate axes, the components of a deformation tensor ey, es,
e1s, €13, €23, and the components of a stress tensor 619, Gy3,
693 are zero. The equilibrium equation of the reinforced beam
takes the following form:

doy

dz 0 ©)

where o3 is the stress tensor component.
Using equation (9), taking into consideration the boun-
dary conditions 63),-9=0, 63,-,=0, we obtain:
5, =0. (10)
Since €;=0, e9=0, 63=0, then the Duhamel’s ratio takes
the following form:
1 1
—(o0,-vo,)+0t =0, —=(0,-Vo,)+ 0 =0, (11)
E E
where 64, 65 are the stress tensor components.
Solving the system of equations (11), we find expressions

to assess the temperature stresses in a strengthened rein-
forced concrete beam:

otE _ otE

- 5, =——2,
1-0" % 1-v

1 (12)

The resulting equations (12) make it possible to deter-
mine the thermoelastic state of the reinforced beam, taking
into consideration the physical-mechanical parameters of the
methyl methacrylate reinforcement and beam materials and
ambient temperature.

5. The results of devising a comprehensive procedure
for determining the temperature fields and stresses
in a reinforced concrete bridge beam strengthened

with methyl methacrylate compositions

5. 1. Input data related to the numerical studies of
the temperature field and stresses in a strengthened rein-
forced concrete beam

Our numerical studies in to the stresses of a reinforced
beam were carried out at the values for the physical-mechanical



parameters of a reinforced concrete beam and methyl metha-
crylate reinforcement that are given in Table 1.

Table 1

Physical-mechanical characteristics of the reinforced
concrete beam and methyl methacrylate reinforcement

Dimensio-
nality

No. of

Value
entry

Characteristic

Accepted modules of elas-
1 | ticity for methyl methacry-
late reinforcement, E;

5,000, 10,000,

15,000 MPa

Elasticity modulus of rein-

104
forced concrete beam, Ey 3610

MPa

Accepted Poisson’s ratio
3 | for methyl methacrylate
reinforcement, v

0.3 -

Poisson’s ratio for rein-

forced concrete beam, vo 0.25 B

Accepted coefficient of lin-
ear temperature expansion
for methyl methacrylate
reinforcement, o/

1.2510° 1/°C

Coefficient of linear tem-
6 | perature expansion for rein-
forced concrete beam, 0wy

1.010°5 1/°C

Accepted coefficient of
thermal conductivity for
methyl methacrylate rein-
forcement, &y

20 W /(m-°C)

Thermal conductivity
8 | coefficient for reinforced 19
concrete beam, &y

W/(m-°C)

We performed numerical studies into the temperature
field of a strengthened reinforced concrete bridge beam at
the following values of model’s geometrical parameters:
z=200 mm; the coating thickness z; is variable: 10 mm,
15 mm, and 20 mm.

At positive ambient temperatures, the temperature of the
beam surface is taken equal to ¢;=20 °C, that of the coating
equal to =30 °C, and, at negative ambient temperatures,
respectively, t1=—15 °C and t,=—10 °C.

5. 2. The results of studying a temperature field in the
strengthened reinforced concrete beam

The study results regarding a temperature field in the
reinforced concrete beam with methyl methacrylate rein-
forcement at the positive and negative ambient temperatures
are shown in Fig. 6.

Fig. 6 shows that the temperature is not evenly distri-
buted in the vertical direction of the strengthened reinforced
concrete beam. The higher temperature is characteristic of
the reinforced concrete beam.

At the positive and negative temperature changes of
the environment, the temperature of methyl methacrylate
reinforcement is, respectively, +20 °C and —15 °C; reinforced
concrete beam, +30 °C and —10 °C; in the contact between
the reinforced concrete beam and methyl methacrylate re-
inforcement, there is a change in the temperature gradient.

Next, based on the known values of the temperature field,
we shall assess the thermoelastic state of the strengthened re-
inforced concrete bridge beam. The study was conducted with
respect to the geometrical parameters and physical-mechanical
properties of the reinforced beam, which are given in Table 1.

Temperature, degree

—O— At negative temperatures

—o— At positive temperatures

Fig. 6. Temperature field distribution in a reinforced concrete
beam with methyl methacrylate reinforcement

5. 3. The results of studying the thermo-elastic state of
a strengthened reinforced concrete beam

The results from studying stresses in a strengthened re-
inforced concrete beam at the positive temperature changes
of the environment are shown in Fig. 7-9. In this case, the
distribution of temperature stresses was established depend-
ing on the thickness and the module of elasticity of methyl
methacrylate reinforcement.
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Fig. 7. Stress distribution in a strengthened reinforced
concrete beam at structural reinforcement elasticity module
E=5,000 MPa and positive temperatures
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Fig. 8. Stress distribution in a strengthened reinforced
concrete beam at structural reinforcement elasticity module
£=10,000 MPa and positive temperatures
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Fig. 9. Stress distribution in a strengthened reinforced
concrete beam at structural reinforcement elasticity module
E£=15,000 MPa and positive temperatures



The calculation results illustrated in Fig. 7-9 demon-
strate that at positive ambient temperatures there is a change
in the nature of the distribution of temperature stresses in
the contact between the reinforced concrete beam and rein-
forcement.

At the same time, temperature stresses increase with an
increase in the value of the reinforcement elasticity module.

Thus, at a coating thickness of 20 mm and with a module
of elasticity of the reinforcement E=5,000 MPa, the value
of stresses in the reinforcement-beam contact is 1.87 MPa;
at E=10,000 MPa — 3.74 MPa; at E=15,000 MPa — 5.61 MPa.

Fig. 10—12 show the distribution of stresses in a rein-
forced concrete beam with methyl methacrylate reinforce-
ment at negative surface temperatures.
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Fig. 10. Stress distribution in a strengthened reinforced
concrete beam at structural reinforcement elasticity module
£=5,000 MPa and negative temperatures
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Fig. 11. Stress distribution in a strengthened reinforced
concrete beam at structural reinforcement elasticity module
E=10,000 MPa and negative temperatures
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Fig. 12. Stress distribution in a strengthened reinforced
concrete beam at structural reinforcement elasticity module
E=15,000 MPa and negative temperatures

The results of studying the thermoelastic state of a rein-
forced concrete beam strengthened with methyl methacry-
late have shown that both at positive and negative ambient
temperatures there is a change in the nature of the distri-
bution of temperature stresses in the beam-reinforcement
contact (Table 2).

Table 2

Temperature stress distribution in a reinforced bridge beam

Coating elasticity modulus, MPa
Coating thickness, mm 5,000 10,000 15,000
Stress, MPa
Exposed to positive temperatures
10 -1.83 -3.66 -5.48
15 -1.85 -3.70 -5.55
20 -1.87 -3.74 -5.61
Exposed to negative temperatures
10 1.32 2.64 3.95
15 1.31 2.61 3.92
20 1.30 2.59 3.89

The value of temperature stresses significantly depends
on the module of elasticity of methyl methacrylate rein-
forcement and depends little on its thickness. With a coating
thickness of 20 mm and with a coating elasticity module
E=5,000 MPa, the value of stresses in the coating-beam
contact is 1.3 MPa; at E=10,000 MPa — 2.59 MPa; and at
E=15,000 MPa — 3.89 MPa.

6. Discussion of results of estimating
the thermoelastic state of a strengthened reinforced
concrete bridge beam

Based on our study of temperature distribution in the
vertical direction of the reinforced concrete beam with coat-
ing (Fig. 6), it was established that there is a change in the
temperature gradient in the beam-reinforcement contact.
This is due to the different physical-mechanical properties of
the reinforced concrete beam and methyl methacrylate rein-
forcement (Table 1). The higher temperature is characteristic
of the reinforced concrete beam.

It should be noted that the thickness of the coating does
not significantly affect the level of temperature stresses
in the beam-reinforcement contact. The difference in the
derived stress values for a beam with methyl methacrylate
reinforcement with a thickness of 10 mm and 20 mm with
an elasticity module E=15,000 MPa is up to 3 % (Table 2).
This difference occurs both at positive and negative ambient
temperatures.

However, it should be noted that with an increase in the
elasticity module of the methyl methacrylate reinforcement,
the value of temperature stresses in the beam-reinforcement
contact increases. Thus, the value of the thermo-elastic state
of the beam with methyl methacrylate reinforcement with a
height of 20 mm with an elasticity module E=5,000 MPa and
E=15,000 MPa, exposed to the action of positive and nega-
tive ambient temperatures, increases by three times (Table 2).
This pattern must be taken into consideration when strength-
ening defective reinforced concrete bridge beams.

One caveat of this study is the lack of real experimental
data on temperature distribution along a strengthened rein-
forced concrete beam, both in the vertical and longitudinal
direction of the bridge beam. Therefore, scientific research is
planned to be advanced by taking into consideration the dis-
tribution of temperature across the length of a strengthened
reinforced concrete beam in a two-dimensional statement



of the research problem. In addition, a given model makes it
possible to determine the thermo-elastic state of strengthened
beams only in a vertical direction.

7. Conclusions

1. The data acquired from our numerical studies make
it possible to model the temperature field and stresses in
a strengthened reinforced concrete beam, taking into consid-
eration the physical-mechanical parameters of the material
for methyl methacrylate reinforcement and beams, as well as
ambient temperature. It has been shown that the improved
model could be practically applied for assessing the tem-
perature fields and stresses in strengthened two-layer beams,
taking into consideration the effect of climatic temperature
changes in the environment.

2. Our results on temperature field distribution in the
vertical direction of a strengthened reinforced concrete
bridge beam have shown that at positive and negative tem-
perature changes in the environment, the temperature of the
methyl methacrylate reinforcement is, respectively, +20 °C

and —15°C; the reinforced concrete beam, +30°C and
—10 °C; and, in the contact of the reinforced concrete beam
and methyl methacrylate reinforcement, there is a change in
the temperature gradient. This phenomenon is due to the dif-
ferent physical-mechanical characteristics of structural ma-
terials for the beam and methyl methacrylate reinforcement.

3. There is a change in the nature of temperature stress
distribution across the height of the beam on the contact
surface of the reinforced concrete beam and methyl methac-
rylate reinforcement. The amount of stresses in the contact
zone at positive temperatures was 5.61 MPa; at negative tem-
peratures — 3.95 MPa. It was established that the thickness of
the coating does not have a significant impact on an increase
in temperature stresses while an increase in the coating’s
elasticity module leads to an increase in temperature stresses
in the contact of the reinforced concrete beam with methyl
methacrylate reinforcement. With a difference in coating
thickness of 10 mm, the stress in the beam-reinforcement
contact at the coating elasticity module AE=15,000 MPa
increases up to 3 %, and, with the difference of elasticity
modules AE=10,000 MPa, the value of temperature stresses
increases by three times.
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At present, there are theoretical and experimental studies of such
bearings without taking into account the elastic deformation of the
bearing segments. The rotor bearings of powerful turbines at nuclear
power plants are subjected to loads as high as tens of tons. One of the
important issues in designing segmental bearings operating under these
conditions consists in taking into account elastic deformations of the
segments. A schematic diagram of a segmental hydrostatic bearing was
presented and the principle of its operation was described. When deter-
mining the deformation of spherical support, a formula of change in
volume of a solid steel ball subjected to uniform pressure was applied.

To determine the segment deformation in the axial direction, diffe-
rential equation of bending of the strip beam as the initial one. The basic
equation of deformation of rods with a curved axis acting in the plane
of curvature was taken as a starting point of determining the segment
deformation in the circumferential direction.

It was found in the studies that the maximum deformation of the seg-
ment is 4.5 % of radial clearance at a feed pressure of 5 MPa and can
affect the bearing characteristics. A substantially nonlinear character of
deformations along the segment axis was revealed. It was found that the
pressure of the working fluid significantly affects the segment thickness.
With an increase in feeding pressure from 1 MPa to 10 MPa, the thick-
ness of the steel segment increased more than 2 times and the thickness of
the bronze segment increased more than 3 times. It was established that
the pressure of the working fluid exceeding 10 MPa substantially affects
the deformation of the spherical support and the bearing clearance.

The study results will make it possible to determine more accurate-
ly the main characteristics of the segmental bearing and design it more
efficiently

Keywords: segmental bearing, segment deformation, bearing cha-
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1. Introduction

High reliability and durability in all operating modes are
some of the main requirements for bearings. In addition, the
following requirements are imposed on them: guaranteed
long-term working efficiency, high fire safety, good maintain-
ability after storage, transportation, and overload.

Non-stationarity of loading, high rotational speeds of
rotors, the possibility of the appearance of elastic deforma-
tions in segments, and the use of low-viscosity liquids as
a lubricant are the main operating features of rotor bearings
in power plant units. The high probability of turbulent flow
of lubricant is caused by these factors.

Slider bearings of various types are used in existing designs
of power units. There are many types of bearing shell bore.

How to Cite: Nazin, V. (2021). Revealing deformation of segments and their supports in a hydrostatic segmental
bearing. Eastern-European Journal of Enterprise Technologies, 4 (7 (112)), 33—40. doi: https.//doi.org/10.15587/1729-

The simplest cylindrical bore is used most often. Taking into
account peculiarities of operation of rotor bearings in present-
day power plant units, a bearing with self-aligning segments
is the most reliable type of bearing that counteracts the
excitation of vibrations. Unlike the conventional designs, it
possesses stabilizing properties enabling expansion of the zone
of stable rotor motion. In addition, it is able to compensate for
shaft misalignments and has fewer frictional losses.

In 1972, for the first time in the practice of turbine con-
struction, 0.3 and 0.4 m diameter segmental bearings were
installed on a K-500-240 turbine (Russia). Capacities of nu-
clear power plants measure hundreds of megawatts, bearing
diameters reach 0.8 m and more, and loads acting on bearings
amount up to tens of tons. Taking into account the deforma-
bility of segments is one of the important issues in designing
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