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UccienoBanue TeMJIOBbIIEeJIEeHUS B META/LIAX
B YCJIOBHUSAX OJJTHOOCHOT0 HANIPSAKEHHOT0 COCTOSIHUSA
KaK MmapaMeTpa yCTaJOCTHBIX MOBPEKIeHUil
B METAJIMYECKUX MOCTAX

AnHoTauus. Llenbro paboThI SBIsIETCS HCCIeI0OBaHNE MPOLIECCA TETIOBBIICICHUS B MeTaJIaX
pU CUMMETPHYHOM IIMKJIE HATPY)KCHHUS B YCJIOBUSX OJHOOCHOTO HAMPSKEHHOTO COCTOSHHS IS
OIICHKH Pa3BUTHSI YCTAJIOCTHBIX MOBPEKICHUN B 3JIEMEHTaX METAJUTMYCCKUX IMPOJCTHBIX CTPOCHUU
KEJIC3HOJIOPOXKHBIX M aBTOJIOPOXKHBIX MOCTOB. ABTOPOM pAacCMOTPEHBI H3THMOHBIE U OCEBBIC
Harpy>XeHusi o0pa3IoB ¢ MUCKYCCTBEHHBIMU KOHIICHTpaTopamu U 0e3 HuX. B XoJe dKCIepuMeHTOB
00pa3Ipl MOKPHIBAIM MAaTOBOWM KpackoH, 4To oOecreunBano kodddurnment mamydenus 0,95. Jlns
OJTHOBPEMEHHOH (hMKCallMK TEIUIOBOTO W3IY4YCHHUS HAa BEpPXHEH W HWKHEW IMOBEPXHOCTH I1a30B,
UCTIONIb30BaHbl 3epkana. J[ns ycTpaHEeHHs TMOMeX, BO3HHUKAIOIUX OT TEIUIOBOTO H3Iy4YeHHS
OKPYKAIOIIHUX TPEIMETOB MKy STUMHU IIpeIMEeTaMu U 00pa3IiaMy yCTaHABIMBAINA SKPaH U3 TKAHU.
B pe3ynbraTe sKciepuMeHTalIbHBIX Pa00T aBTOPOM YCTAaHOBIIEHO, YTO BO BCEX 00pasiiax He3aBUCUMO
OT MX KOH(HUTYpAIlUU U PEKUMOB HArPY)KEHHUS, YCTAUTOCTHOMY Pa3pYHICHHUIO (TIOSBICHUIO BHIMMBIX
TPEIMH) MPEAIIECTBOBANIO PE3KOe YBETUUECHHE TeMIIepaTyphl TOBEPXHOCTH MPHU OJUHAKOBOM YPOBHE
HaNpsDKCHNH, Ha3BaHHOM aBTOPOM KPUTHYECKHM. ABTOPOM B XOJI€ WCCIICJIOBAaHHS BBISBICHO, YTO
BEeITMYMHA KPUTHUYECKUX HAMPSKEHHUM IS UCIIBITAHHBIX OOPa3IloB MPH OJHOOCHOM HANPSKEHHOM
COCTOSTHUM Y CUMMETPUYHOM IIHKJIC HATPYKCHHS HE 3aBHCHUT OT KOJIMYECTBA KOHIICHTPATOPOB, MX
pa3MepoB M MECTONOJOXKEHUS, a 3aBUCUT OT TeMIIEpaTypbl camopa3orpeBa M Buaa JehopMaliuu.
TakuM 00pa3oM KPUTHYECKHE HANPSOKEHUS MOXKHO CUYHMTATh XapaKTEPHCTUKOW marepuana. Takke
aBTOPOM OTMEYEHO, YTO MPHU HANPSHKEHUSX, OONBIINX KPUTHUYECKUX, HAOMIOMaeTcs MpPaKTHYECKU

CrpaHnua 1un3 8
12SATS319

WznarenscTBo «Mup Haykm» \ Publishing company «World of science http://izd-mn.com


https://t-s.today/
http://izd-mn.com/
https://t-s.today/
https://t-s.today/issue-3-2019.html
https://t-s.today/PDF/12SATS319.pdf
http://dx.doi.org/10.15862/12SATS319
https://elibrary.ru/author_profile.asp?id=440320

HuTtepuer-kypHai « TpaHCOpTHBIE COOPYKEHHSD 2019, Ne3, Tom 6 ISSN 2413-9807
Russian journal of transport engineering 2019, No 3, Vol 6 https:/t-s.today

JMHEWHas 3aBUCUMOCTb U3MEHEHMs TeMIIEpaTyphl OT OOIIeH BeTUYMHBI IPUPALICHNUS HaNpsKEHUH.
O0600611asi OTMEYEHHbIE CBOMCTBA KPUTMUECKHUX HANPSDKEHUH, MOXKHO YTBEpXKAaTh, YTO TaKHe
HaIIPSHKEHUS. MOTYT UCIIOJIB30BATHCS I OLEHKU PA3BUTHs yCTAIIOCTHBIX ITOBPEXKACHUHN IIPU OLICHKE
TEXHUYECKOI'0 COCTOSTHUSI COOPYKEHHMSI PH 00CIIEJOBAaHUSIX MOCTOB.

PaboTa BbINoHEHa B paMKaX JUCCEPTALIMOHHOTO HCCiel0BaHUs pH nojiepkke rpanta OAO
P2K]I Ha pa3BuTHE HAyYHO-TIEAATOTMYECKUX HIKOJ.

KiroueBble cJI0Ba: JTOJTOBEYHOCTh; METAJUIMYECKHE MPOJIETHBIE CTPOEHHs; 00cie10BaHNe
MOCTOB; OILIEHKa T€XHMYECKOTO COCTOSIHUS; YCTaJOCTHBIE TPEUIMHbI, HHPpaKpacHas TepMmorpadus;
KPUTUYECKHE HAIPSIKESHUS

BBenenue

YcTamocTHEIE NOBPCIKACHHUA B MCTANIMUCCKHUX MOCTaxX MABJIAIOTCA YaCTbIM ABJICHHUCM,
MpeAcKa3aTh KOTOPOE Ha CTAaIUU MPOEKTUPOBAHUS JOCTATOYHO TPYJIHO B CHIIY BIMSIHUAS MHOXXECTBA
CIy4alHbIX  (aKTOPOB, BO3HHKAIOIIUX TNPHU IKCILTyaTalud  coopyxkeHuil. CoBpeMEHHBIC
ABTOMATU3UPOBAHHBIC CHUCTCMblI MOHUTOPUHI'A TCXHHYCCKOI'0 COCTOSAHUA MOCTOB [1] HE JaroT
BO3MO>XHOCTH B ITOJIHOI Mepe KOHTPOJIUPOBATH PA3BUTHE YCTAIOCTHBIX MOBPEXKICHUN MIPH TOM, YTO
X BIHWJAHUE Ha HaAaACKHOCTH KOHCprKI_II/Iﬁ MPOJICTHBIX CTpOCHI/II\/'I ABJIACTCA AOCTAaTOYHO
cytiecTBeHHOH [2]. OCHOBHBIM CIIOCOOOM BBISIBJICHHUSI TAKUX MOBPEKICHHUN MO-TTPEKHEMY OCTACTCS
BH3yaHBHBIﬁ KOHTPOJIb. Pexe MNPUMCHAIOTCA PA3JIMYHBIC MCTOABI HEPA3PYHIAIOMICTO KOHTPOJIA
(yapTpa3ByKoBass U aKyCTHKO-dMUCCHOHHAs Je(EKTOCKOMMS, MArHUTHBIM pe30HaHC U T. [I.).
OueBUAHO, YTO BU3YyaJIbHBIM OCMOTPOM MO>KHO OOHAPY>KUTh TOJIBKO YK€ 00pa30BaBIIyIOCS TPEIINHY,
a OCTaJIbHbIE METO/IbI Ie(hEKTOCKOMH JOCTATOYHO 3aTPaThl 10 BPEMEHHU U TPYJO0EMKOCTH, U TPEOYIOT
HEINOCPECTBEHHOI'O KOHTAKTa C UCCIIENYEMON TOBEPXHOCTHIO.

Onpeneﬂemfle TCIVIOBBIACJICHUS B METAJIJIaX Kak mapamMeTrpa yCTaJd0CTHbIX l'[OBpe)K)IeHI/Iﬁ

W3BecTHO, YTO MpPU NEPEMEHHBIX HArpy3Kax METAJUIMYECKUH MaTepuall HarpeBaeTcsl. JTOT
pa3orpeB BBI3BIBACTCS KaK BHYTPEHHUM TPEHHUEM (JIMCCHUIIAIIMEH SHEPTUU KOJICOaHMil), TaK M TPCHHEM
COTIPUKACAIOIIUXCSA MOBEPXHOCTEH HEMOJBUKHBIX COCAMHEHHUN (OOJTOBBIX, 3aKJICMIOYHBIX U T. I.).
TermoBbIAEIECHNE ABISETCS PU3HAKOM U MHIMKATOPOM MPOTEKAOUIETO YCTATOCTHOTO TOBPEKICHUS
[3-7].

O} PEeKTUBHOCTh TEIUIOBU3HMOHHOW CBHEMKHA COCTOWT €€ W B TOM, YTO TEIJIOBH30PBI
MO3BOJISIIOT KOHTPOJHMPOBATh HE OTHENBHBIC TOYKH, a PACHpE/ACIeHHE TEMIEpaTyp MO HEKOTOPOii
Iomazan (MoJro Touek). B aToM cirydae cpaBHEHHE U3MEHEHUS TeMIEpaTyp OJIM3KO JeKaIUX TOUEK
MOBEPXHOCTH JJa€T BO3MOXXHOCTB OBICTPO BBISBIISTH MMPOOJIEMHBIE 30HBI ITO0 PE3KOMY TEMIIEpaTypHOMY
KOHTpacTy JedeKTHhIX u Oe3nedekTHpx ydacTkoB. Kpome TOro, Takoe cpaBHEHHE MO3BOJSIET
3¢ GEeKTUBHO yAATATH IIYMbl U HE TpeOyeT AJs 3TOr0 COMOCTABICHHS TEMIIEPATypHOI'O CUTHAA C
BHEUIHUM (0a30BbIM) CUTHAJOM OT HAarpy3ku — 3/1€Cb BO3MOXKHO NPHUMEHEHHE TaK Ha3bIBaeMOM
CaMOCHHXPOHM3AIMK 10 moiro u3Mepenuii [8; 9]. Kpome Toro, pesynbTaThl W3MEpEHHH MOXHO
MoJIy4yaTh MpPSMO HAa MecTe padOT B TPOILECCE WX BBITIOJIHEHUS, a MPEICTABICHUE pPE3yJIbTaTOB
SIBJISI€TCSI IPOCTHIM ISl TOHUMaHUS.

B Hacrosimieii paboTte HccieI0BaHO TEIUIOBBIIEICHUE B MaTepHaje IPH CHMMETPHIHOM [IUKITE
Harpy>XeHHs B YCIOBUSX OJJHOOCHOTO HANPSHKEHHOTO cOCTOsIHUS. CUMMETPUYHBIN UK BBIOpaH, TaK
Kak OH SBJIIETCS HauOojee OMAaCHBIM TIPU 33aJaHHOM MAKCUMAaJbHOM HAIMPSIKCHUH IMKJIA.
TerunoBblIeNIeHNE, @ IMEHHO MHTEHCHBHOCTH ITOTOKa MH(PAKPACHOTO UIIYyUEHHS C IMOBEPXHOCTEH
UCTIBITBIBAEMbBIX 00pa3I0B, U3MEPSIIM TI0 TEPMOrpaMMaM, MOJYYEHHBIM C MMOMOIIBIO TEIIOBH30pa
FlukeTi450 ¢ Temneparypnoii wyBctBuTensHOCTEIO (NETD) He 6onee 0,05 °C.
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JI71st MicclieToBaHMs MCTIBITHIBAIH TIOCKHE 00pa3iibl U3 ctanu cT.3 (pucyHok 1). B nonepeunom
ceueHur o0pasllpl, TOKa3aHHbIe Ha pucyHKe 1a,0, umenu mmpuny 20 MM, TommuHy — 11,7 mm.
Tonmmna ceyenus: o6pa3LoB, MOKa3aHHBIX HA PUCYHKE 1B,I, UMENIN TOIIIUHY S MM.
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Pucynok 1. Ilnockue obpazysl (paspabomano agmopom):.
a — ¢ 00HUM, 6 — ¢ 08yMs nazamu, 8, 2 — oopaszysl 6e3 nazos

[Tpu ucnbiTaHUsAX 00pa3libl, MOKa3aHHbIC Ha pUCYHKE 12,0 3aKpEIUISsTd B 3aKUME KOHCOJIBHO
3a KOPHEBYIO 4acTh M UCTBIThIBaIU Npu m3rudena Budpoctenae ST-3000. O6pa3ipl, moka3aHHBIE HA
pucCyHKe 1B,r, 3aKperuIsuld 3a pacIIMpEeHHBbIE KOHIBI B HCHBITaTeNbHOW Mammae ['PM-50 u
WCTIBITBIBAIA TTPH CUMMETPHYHOM IIHKJIE OJTHOCHOTO PAacTsKEHUs-CokaThs. J{Jis Toro, 9To0bI He OBLITO
JIOTIOTHUTEIBHOTO Pa3orpeBa MCHBITHIBAEMBIX 00pa3llOBH3-3a MPOCKAIb3bIBAHUSA B MECTE 3a)KUMa,
o0pa3ernuKCHpPOBAIICS B 3AKUME C OOJBIITNUM YCHUIIHEM ITOKATHSI.

Jlis yMeHbLIEHUs Terionepesadn oT o0pasia B 3aKHUM CBEPXY M CHU3Y 3aKpeIuIsieMoi yacTu
KaXJ0ro oOpaslia yCcTaHaBIMBalIM acOECTOBbIE MPOKIAaAKu. I JIOKaIM3allMl MECT pa3orpeBa OT
MHKpOILTacTHYeCKuX Aedopmanuii pu KoieOaHusxX, Ha 00pa3ubl (pUCYHOK 1a,0), HAHOCHJIM OJMH
WIM [1Ba I1a3a-KOHILICHTpaTtopa HampsbkeHud. Ha BepxHel M HIDKHEH IOBEPXHOCTH I1a30B
yCTaHaBJIMBAJIM TEH301aTUMKU ¢ 6a30i1 10 MM, CUTHAT KOTOPBIX CTATUYECKH TapUPOBAIIH.
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Cnemyer OTMETHTh, YTO TEIJIOBU30P PETUCTPUPYET HE TEMIEpPATypy IOBEPXHOCTH, a
MHTEHCUBHOCTh €€ MH(]pakpacHoro usnydeHus. M3mywaromias crnocoOHOCTH 000N MOBEPXHOCTU
3aBUCHT HE TOJIbKO OT €€ TeMIlepaTypbl, HO U OT KO3(pUIMEeHTa H3IIydYeHUs €. MaKkCUMaabHOU
U3JTydaromieil CrnocoOHOCThIO obOnamaer abcomoTHO uepHoe Teno (er=1). Jlns peanbHBIX
MOBEPXHOCTEH KOA(P(UIMEHT W3IYUYCHHs] 3aBUCUT OT COCTOSHHUS TIOBEPXHOCTH: IIIEPOXOBATOCTH,
HAJIMYMS U TOJIIUHBI TIOKPBITHSI, OT MaTepuala Jetaiu. Hampumep, 11 allOMUHKS M €r0 CILIABOB
kodpurment w3nyuenus ¢&r = 0,04—0,06, c okumcieHHod moBepxHOCTRIO & = 0,2-0,25; nmus
numdoBanHoi cramu & = 0,52-0,61, mis uommdosanHol marynu & = 0,05, MaroBoil TycCKiIOH
er = 0,22 [3]. [Ipu HU3KMX KOdPDUIMEHTAX UITyUSHHs W3MEHEHHE TEMIIepPaTyphl IOBEPXHOCTH Ha
1-3 °C temmoBru30poM He PUKCHPYETCHI.

Jlist  Toro 49ToOBI 00ECIICYUTh OJUHAKOBBIA W BBICOKHH KOIPQPUIUCHT W3ITYUCHUS
UCCIICYEMBIX YYaCTKOB TIOBEPXHOCTH, 00pa3Ilbl MOKPHIBAIM MAaTOBOW KPACKOM, YTO 0OECIICYHBAIIO
kodpdunment manydenus € = 0,95 [3-5]. s ogHOBpeMeHHOW (UKCAIMK TEIUIOBBIACIICHUS Ha
BEPXHEH M HIDKHEH TIOBEPXHOCTH T11a30B, HWCIOJB30BaJM 3€pKajia C BHEIIHUM HAlbUICHUEM
OTPa)KAOIIEr0 CJIOSl, YCTAaHOBJICHHBIC IMOJ yrioM +45° K TOPH30HTY. DTO IO3BOJHIIO HAIPaBHThH
nH(ppaKkpacHOe U3ITyYSHHE C ITUX MOBEPXHOCTEH B ONTHYECKHIA OJIOK TETJIOBU30pa U PETUCTPUPOBATH
TETUTOBBIZICIICHHE TTO IPSIMBIM YTIIOM C TOBEPXHOCTH UCCIIEAYEMOr0o MecTa oOpasua. J[ist ycrpaneHus
MOMeX, BO3HUKAIOIMIUX OT TEIJIOBOTO M3NMYUYEHHUS OKPYXAIOMIMX MPEeIMETOB, TeMIepaTypa KOTOPBIX
OoJipllie TEMITepaTypbl 00pasia, MeXAy 3TUMU MpeaMeTaMu U 00pa3IioM YCTaHABIMBAIM dKpaH U3
TKaHU.

[Mopsimok skcnepuMenTta Obul creayrommmii. O6pasen (pUCYHOK la) 3aKpeIuisiiii B 3a)KHMe,
CHMMAaJIM TEpPMOrpaMMy KOHTPOJUPYEMbIX 30H o0pa3la 0 HarpyxeHus. 3ateM oOpasell BBOJMICS B
PEKHM PE30HAHCHBIX M3TMOHBIX Konebanuit Ha 1 popme. OOpasern (prcyHOK 10), 3aKperICHHBIN B
3aKMMax HcrnbITaTesbHoi MamuHel ['PM-50, Harpyskaicss npu CUMMETPUYHOM LMKJIE PaCTsHKEHUs,
CKaTUsl. AMIUIUTYly HallpsSDKEHUN ITPU HArpy>KeHUH CTYTIEHYaTo yBennunBaId. Ha ka0l cTyneHu
HarpyeHus oOpasell BbIIAepkHUBaIM 1-3 MHUHYTBI, B TeU€HHE KOTOPHIX TeMIlepaTypa oOpasia
CTaOUIM3MpPOBANIaCh W CHHUMAJM TEPMOrpaMMy KOHTPOJIMPYEMbIX 30H oOpasua. Kaxawlii Takoi
HKCHEPUMEHT MOBTOpsiyIcs 3—4 pasa.

Ha pucynke 2, a mokazaHo W3MEHEHHE TEeMITEPaTyphl B 30HE KOHIICHTPATOPOB ISt 00Pa3IoB ¢
JBYMs N1a3aMH B 3aBUCUMOCTH OT aMIUIMTYAbl HANpsOKEHUH 6. BUIHO, 4TO 171 MaTepuana uMeeTcst
KPUTHYECKOE HANpsIKEHUE Okxp, HIPH JOCTIKCHUMM KOTOPOTO HAYMHACTCS HMHTEHCUBHOE
TCIUIOBBIZICIICHHE — CaMopa3orpeB Mmarepuana oOpasua. BumHo, uyto 3aBucumocts T =T (o)
OIIPEACIIAETCS HE KOJMYECTBOM KOHIIEHTPATOPOB M MX MECTOIOJIOKEHUEM, @ YPOBHEM JOCTUTAEMBIX
HaIpsDKEHUH, a 3HAUUT — CTENIEHBIO PA3BUTHS YCTAIOCTHBIX MIOBPEXKICHUM.

[Tog KpUTHYECKUM HAINpPSDKEHUEM HANpPSOHKCHHE Oyp, B JalbHEHmeM OylneM ITOHMMAaTh
MUHUMAJIbHOE 3HAYCHHE MAaKCHUMAaJIbHOTO HAINPSHKCHHUS [UKIA, IPH KOTOPOM HAYMHAETCS
TEIUIOBBIZICNICHHE B MaTepuaie, OT KOTOPOro TeMIleparypa MaTepuaia TOBBIIAeTCS 10 33JaHHOTO
sraueHusi AT u ctabunmusupyercs.

Ha pucynke 20 mpuBeneHO pacmpeiesieHue TeMIlepaTypbl MO AjauHe olpasua ¢ ABYMS
KOHIIEHTPAaTOpaMu HampspkeHuid. 3nech Z =z / €, Z — paccTosiHHE 10 JUTHHE 00pasiia, OT 3aICKH J10
MecTa Iasa, TeMIeparypa KoToporo u3Mepsiiach, £ — AjinHa KoHconu oopasia. [1a3 okosno cBob6ogHOTO
KOHI[a OBLI TaKUM, 4TOOBI, TIPpU KoJeOaHusx oOpasna mo mepBoi (opme, HaNpsHKEHUE 3/1eCh OBLIO
OoJbllle, YeM B KOHIIEHTpaTope okojo 3aaenku. [loatomy mpu konebaHusix oOpaslia pa3orpes
HAYMHAJICS B MMa3e, KOTOPBIH Oyke K cBOOOAHOMY KOHIy oOpasma. [Ipu MOBBIICHHH aMILTUTYIbI
Kose0aHui pa3orpes 31ech ObLT OOJbIIE, YEM PA30rPEB B Ma3€ OKOJIO 3aCIIKH.

[To pe3ynbraTamM 3KCTICPUMEHTOB, IPUBEICHHBIX HA PUCYHKAX 1 ¥ 2, MOKHO CJI€IaTh BBIBOIBI:
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1. Eciu B kakoM-m0O0 MecTe 00pasiia MaKCHMallbHOS HANpsIKEHHE [UKIA G MpU

Harpy>XeHWH TPEBBICUT ONpEENICHHOE 3HA4YeHHUE, T.€. G > Oxp, TO B ITOM MECTE
o0pa3na HaOIroaeTcsl JTOKaIbHbIM pa3phiB. 31€Ch Oxp — KPUTHUECKOE HANpsiKEeHUe,
KOTOpOE 3aBUCHT OT MaTepualia, TeMIepaTypbl caMopa3orpeBa 1 Buaa ae(opMaIiim.

2. Beanunna Oxp AJISL UCTIBITAHHBIX O6p8.3].[OB Ipu OAHOOCHOM HAIPSAKECHHOM COCTOSHHUU
U CUMMCTPHUYHOM HHUKJIC HAIPY>KCHUS HC 3aBUCUT OT KOJIMYCCTBA KOHOCHTPATOPOB, UX
BCIIMYHHBI, MCCTOIIOJIOXKCHHA.

3. [Ipy HampsKeHUsIX. G > Oxp HAOMIOJAETCS MNPAKTUYECKU JIMHEWHas 3aBUCHUMOCTh
U3MEHEHUs1 TEeMIIepaTypbl OT BEJIWYUHBI AG =G - Gy, Il€ G — MaKCHUMAaJIbHOE
HaIpsHKEHHE B MECTe pa3orpeBa o0pasia.
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Pucynok 2. Hzmenenus memnepamypbvi camopasozpesa 6 oopasyax
a — 3asucumocmos memnepamypvi 0m MAKCUMAnIbHO20 HANPANCEHUS YUKILA,
0 — H3menenue memnepamypul no oaune oopazya ¢ 08yMs na3amu. @ — nas oaudice K 3aoexe,
0 — nasz baudce K c60600HOMY KOHYY 0bpasya (paspabomano asmopom)

3akjao4yeHue

BaxXHbIM JOCTOMHCTBOM TEIUIOBU3MOHHOW CBEMKHU II0 CPAaBHEHHUIO C IPYTMMU METOAAMHU
ABJIAECTCA TO, YTO TEIUIOBU30PHI MO3BOJISIOT KOHTPOIMPOBATH HE OTAEIBHBIE TOUKH, & PACIPEICIICHUE
TEMIEPATyp MO HEKOTOpPOH Iulomanu (mojiro To4ek). B 3ToMm cilydae cpaBHEHHE H3MEHEHMS
TemrnepaTyp OJHU3KO JIeXalluX TOYEK IOBEPXHOCTH JaeT BO3MOXHOCTb OBICTPO BBISABISTH
poOJIEMHBIE 30HBI IO PE3KOMY TEMIIEPaTypHOMY KOHTPACTY 1e(heKTHBIX U 0e3/1e(h)eKTHBIX yUaCTKOB.
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PGSyHBTaTLI I/I3MepeHI/II71 MOKHO IIOJIy4aThb IIPAMO Ha MCCTC pa60T B IIpoHeCcCC MUX BBIIIOJIHCHUS, a
MMpeACTaBJICHUC PE3YJIbTATOB y2106H0 AJIg MOCJICAYIOUICTO aHalIn3a.
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Investigation of heat release in metals under uniaxial
stress state as a parameter of fatigue damage in metal bridges

Abstract. The purpose of the issue is to study the process of heat release in metals under a
symmetric loading cycle under conditions of uniaxial stress in order to assess the development of
fatigue damage in the elements of metal superstructures of railroad and highway bridges. The author
considered bending and axial loads of specimens with and without artificial concentrators. During the
experiments, the samples were covered with matte paint, which ensured an emission coefficient of
0.95. For simultaneous fixation of thermal radiation on the upper and lower surfaces of the slots,
mirrors were used. To eliminate interference from thermal radiation from surrounding objects, a fabric
screen was installed between these objects and samples. As a result of experimental work, the author
found that in all samples, regardless of their configuration and loading conditions, fatigue failure (the
appearance of visible cracks) was preceded by a sharp increase in surface temperature at the same
stress level, which the author called critical. The author during the study revealed that the magnitude
of the critical stresses for the tested samples under uniaxial stress state and symmetric loading cycle
does not depend on the number of concentrators, their sizes and location, but depends on the self-
heating temperature and the type of deformation. Thus, the critical stress can be considered a
characteristic of the material. The author also noted that at stresses greater than critical, an almost
linear dependence of the temperature change on the total value of the stress increment is observed.
Summarizing the noted properties of critical stresses, it can be argued that such stresses can be used to
assess the development of fatigue damage when assessing the technical condition of a structure during
bridge inspections.

The work was performed as part of a dissertation research with the support of a grant from
Russian Railways for the development of scientific and pedagogical schools.

Keywords: durability; metal superstructures; bridge inspection; technical condition
assessment; fatigue cracks; infrared thermography; critical stresses

CtpaHnua 7 ns 8
12SATS319

WznarenscTBo «Mup Haykm» \ Publishing company «World of science http://izd-mn.com


https://t-s.today/
http://izd-mn.com/

HuTtepuer-kypHai « TpaHCOpTHBIE COOPYKEHHSD 2019, Ne3, Tom 6 ISSN 2413-9807
Russian journal of transport engineering 2019, No 3, Vol 6 https:/t-s.today

REFERENCES

1. Yashnov A.N., Kuz'menkov P.Yu. (2016). Design of monitoring systems for the
technical condition of extra-class railway bridges. Transport infrastructure of the
Siberian region, 1, pp. 470-474 (in Russian).

2. Pribytkov S.S., Malikov M.Yu. (2017). Opredelenie pokazateley nadezhnosti svarnykh
proletnykh stroeniy po dannym poyavleniya i razvitiya ustalostnykh treshchin.
[Determination of reliability indicators of welded spans according to the appearance
and development of fatigue cracks.] Novosibirsk: Siberian State University of Railway
Engineering, pp. 66—73.

3. Kriksunov L.Z. (1978). Spravochnik po osnovam infrakrasnoy tekhniki. [Infrared
Technology Reference.] Moscow: Soviet Radio, p. 400.

4. Khadson R. (1972). Informatsionnye sistemy. [Information Systems.] Moscow: World,
p. 535.

5. Vavilov V.P., Klimov A.G. (2002). Teplovizory i ikh primeneniya. [Thermal imagers
and their applications.] Moscow: Intel station wagon, p. 87.

6. Solov’ev L.Yu., Solov’ev A.L. (2017). Udalennyy kontrol’ ustalostnykh treshchin v
metallicheskikh proletnykh stroeniyakh mostov. Tom 1. [Remote control of fatigue
cracks in metal spans of bridges. Volume 1.] Irkutsk: Irkutsk State Transport University,
p. 469.

7. Kurilenko G.A. (2015). The study of metal damage by the thermodynamic method.
Bulletin of Tomsk Polytechnic University, 3(326), pp. 105-109 (in Russian).

8. Sakagami T., Izumi Y., Mori N., Kubo S. (2010). Development of self-reference lock-
in thermography and its application to remote nondestructive inspection of fatigue
cracks in steel bridges. Quantitative InfraRed Thermography Journal, 1(7), pp. 73-84.
DOIl: 10.3166.

9. Oswald-Tranta B. (2019). Lock-in inductive thermography for surface crackdetection
in different metals. Quantitative InfraRed Thermography Journal. DOI:
10.1080/17686733.2019.1592391.

CrpaHnua 8 3 8
12SATS319

WznarenscTBo «Mup Haykm» \ Publishing company «World of science http://izd-mn.com


https://t-s.today/
http://izd-mn.com/

