MEXAHIKA 1 MATEPIA/IO3HABCTBO

BucnoBku. IIpoananizoBaHo BIUIMB HU3KM (DakTOpiB Ha TPILIMHOCTIHKICTD
BHYTPILIHOPEAKTOPHUX KOMIIOHEHTIB. [loOynoBaHO pIBHSHHS NOLIMPEHHS TPILIMHU B
MeTajlaX 3a BIUIMBY BHCOKOi TEMIIEpaTypd Ta HEHTPOHHOTO OIPOMIHEHHS 3a TUIOCKO
HaIpy)XeHOro cTaHy. PIBHSHHS PO3BHHYTO Ha BUIAJOK IJIOCKOI TPIIIMHU B 00’€MHOMY TiJIi.
3a J0ONOMOIOI0 HBOTO IOPAXOBAHO JUHAMIKY MOUIMPEHHS TPIIMHU B IIAXTI peakTopa
BBEP-1000. Bka3ano Ha Ba)JIMBICTh BpaxyBaHHS MOXJIMBUX J1€(EKTIB MpU MPOJOBXKEHHI
MIPOEKTHOTO PECYPCy peakTopa.

Conclusions. The influence of various factors on crack resistance of in-pile
components was analyzed. The equation of crack propagation in metals influenced by high
temperature and neutron irradiation under plane strain were obtained. Equation was modified
for plain crack in spatial body case. It was used to calculate crack propagation dynamic
WWER-1000 reactor core barrel. It was indicated that taking into account possible defects
during reactor service life extension is very important.
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IMUKJITYHA TPIIUHOCTIUKICTH CTAJII 12X1M® PI3HUX 30H
T'UHY IAPOTI'OHY TEC HICJISI TPUBAJIOI EKCILTYATALII

Pesrome. T'unu 2onoenux napoeonie TEC xapaxmepuszyomscs HeOOHAK08010 Oepopmayiero memary
PI3HUX 30H (PO3MSICHEHOL, HelmpaibHOl, CIMUCHEHOL) Ha emani iX eueomosienus. Ak pezyiemam, mMexaniuui
XapaxmepucmuKku Memaiy Yux 30H Nicis eKCHIyamayitinoi 0eepadayii 8iopizHaiomecs. Jocnioxnceno émomuutl
picm mpiwunu cmani 12XIM® pisnux 30n euny nicaa 1,3-10° 200 ii excnayamayii na napoeoni TEC. Iokasaro,
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WO HallMeHw 0e2pado8anum € Memaiu npsamol OiIsAHKY 2ury. Meman 3i CMUCHeHOT 301U BUABUE HALHUICUULL ONID
NOWUPEHHIO 6MOMHOI MPIYUHU, WO € O3HAKOI HAUCUIbHIWOL Oeepadayii, sKy 36°A3a1U 3 GUHUKHEHHIM
Oepexmie mepmiunol momu. 3axpumms 6MoMHOL MpiuguHy 6 HAUOLILWIL MIPI NPOLGUILACS Y CIMUCHEHIT 30HL
SUHY, WO 36 S13a1U 3 BUHUKHEHHAM PO3CIAHOT NOUWKOONCEHOCMI Memaiy 6HACIIO0K MepMidHOL GMoMU.

Knrouosi  cnosa: 2un  napocony TEC, menrompuska cmanv,  Oe2padayis,  YUuKIiuHa
MpiWUHOCMIUKicmy, hpaxmoepagiuni ocobIusocmi pyuHy6anHs.

Lesya Svirska, Halyna Krechkovska, Oleksandra Student

FATIGUE CRACK GROWTH RESISTANCE OF THE 12Kh1MF STEEL
FROM DIFFERENT ZONES OF STEAM PIPELINE BENDS OF TPP
AFTER LONG TERM OPERATION

Summary. Hard temperature-power operating condition of the steam pipeline (vapor pressure up to
14 MPa, temperature — up to 565 °C and a large number of shutdowns of the technological process), and long-
term influence of an aggressive hydrogenating environment on stressed metal promote degradation of its
structure and worsening of the mechanical properties, which ensured their workability at the beginning of
operation. Therefore, the diagnostics of the technical state of steam pipeline bends directed on providing the
reliability of their operation does not lose relevance to the power system of Ukraine with critically wear of
equipment.

The 12KhIMIF steel from different zones of pipe bend from main steam pipelines after ~13x10" h
operation was investigated. During bend manufacturing the deformation of metal from its different zones
(stretched, neutral and compressed) is not the same. As a result the properties of degraded metal from these
zones are different too. The nominal and effective fatigue crack growth diagrams of the metal of stretched,
neutral and compressed zones and straight pipe were received. Thresholds fatigue crack growth resistances
were defined too. It is shown that the effective threshold fatigue crack growth resistance of metal with
compressed zone is lower compared with other zones. High sensitivity of local fracture mechanics
parameters to the metal degradation and their ambiguous changes in various zones at the same
service duration and conditions were proved. It was shown that metal from compressed zone was the
most degraded because its fatigue threshold levels were the least. It was explained by an appearance
of dissipated intergranular damages in metal under the influence of thermal fatigue. Such intergranular
elements on the fracture surface facilitate the fatigue crack growth and cause the strongest crack closure effect
under fatigue test of degraded metal from compressed zone of bend.

Key words: steam pipeline bend of thermal power plants, heat resistant steel, degradation,
fractographical features, cycle crack growth.

IlocranoBka npodaemu. ['mHu mnaporonis TEC BigHOCATH 10 HeOE3NEUHUX
€JIeMEHTIB y cuctemi TpyoornpoBodiB [1 — 5]. OcTtaHHIM YacoM Bi4yTHO 3pOciia KUIBKICTh iX
MOILKOJ/DKEHb MICHST TpUBaioi ekcruryaramii. Ll eleMeHTH eKCIUTyaTyloTbCs 3a YKOPCTKHX
TEMIIEpaTypHO-CHIIOBUX YMOB, a Y€pe3 BIIMIHHICTh F€OMETPII epepi3y IMHy BijJ BIaCTUBOIO
MpsIMIA TUISHIN TPyOW Ta MOB’SI3aHUMH 3 MM OCOOJIMBOCTSIMH HaIpyKeHO-/1e(opMOBaHOTO
CTaHy eKCIUTyaTal[liHl yMOBH ISl THHIB CTAIOTh IIE JKOPCTKIIMMHU. 30KpeMa, 1€ IUKIIIHA
3MiHa HaNpy>KeHb Yy JlaMeTpajJbHUX Mepepizax TpyO mija yac ix ekcruryaranii, ska CIpUunHse
MaJOLMKIOBY BTOMY MeETajly, 1 TOMY THYT1 JAUISHKH IOIIKOJDKYIOThCS Haifuactime [6].
IMOBIpHICTP BUHMKHEHHSI pyWHYBaHHS B Tiil YM 1HIIIM 30H1 THHY B OCHOBHOMY I1OB’SI3YIOTh 3
HampyXeHUM cTaHoM. JlocBif ekciulyaraiii MaporoHiB CBIAYUTh, LIO0 OCHOBI TPILIMHU
MOB3YYOCT! HalyacTillle BHUHUKAaIOTh Yy po3TsirHeHux 3oHax (P3) rumis [2, 7]. Yacro
CIIOCTEPIraroTh TAKOXK IIMOOKI TPILMHU BiJ BHYTPIUIHBOI MOBEPXHI1 y HEUTpaNIbHINA 1X 30HI
(H3), BUHMKHEHHS SIKUX IOB’SI3YIOTh 13 BIUIMBOM TEXHOJIOTIYHOIO cepenoBuina. B okoii
HEUTpPAJIBHOI JIIHII TUHY MICIs 3HAYHOI1 KUIBKOCTI MYCKIB-3YIMHOK TEXHOJIOTTYHOTO IPOIECY
(hIKCYIOTh 3apODKEHHS Ta TMOIIMPEHHs TpIUH TepMmiuHoi BTomu [4, 8 — 10]. BaxmuBum
aCIEKTOM OIIIHIOBAHHSI PEAIbHOTO TEXHIYHOTO cTaHy ruHiB nmaporoHiB TEC e mochimkeHHs
nuktiunoi TpimuHocTikocTi (I[T) excruryatoBanoro merany. OTke, KIHETUUH1 OCOOIUBOCTI
pOCTYy BTOMHHUX TpIIIMH B €KCIUIyaTOBAaHOMY MeETall 3a HU3bKUX MIBHJIKOCTEH iX poOCTy
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(OMM3BKUX 1O MOPOrOBUX 3HAYEHb) € OCOOIMBO YYTJIMBUMH JO 3MIHM CTaHy MeETaly
BHACJIIZIOK JIErpajiallii.

CymicHuil BIuMB poOouYOi TeMIlepaTypH, HaIlpyX eHb Ta aKTUBHOIO pPoOOYOro
Cepe/IoBUINA, IKUM € BOJSIHA I1apa, IiJl 4ac TPUBAIOi eKCIUTyaTalii KOHCTPYKUIHHUX cTaiei
Ha peabHUX O00’€KTax TEIJIOCHEPTreTUKH, 30kpema Ha mnaporoHax TEC, 3ymosmioe
CTPYKTYpHO-(a30Bi mepeTBopeHHss B Metani [11]. Ilapamerpu TpilIMHOCTIMKOCTI, SKi
XapaKTepU3yIOTh ONip PyWHYBaHHIO B 00J1aCTi, CYMIpHIii 3 €JeMEHTaMU CTPYKTYpH, 3a3BUYA
B110OpaXkaloTh 111 CTPYKTYypH1 meperBopeHHs [12]. Bucoka nokanpHicTh moka3HukiB LT
3a0e3neyye iX BUCOKY UYTJIHMBICTH /10 3MIHM CTaHy JAErpaJloBaHOrO B MPOIIECi eKCIuTyaTalii
MeTaly, OCOOJIMBO Ha HU3bKHX OJIM3bKUX J10 NOporoBux 3HaueHb AK. TakuMm YUHOM,
JOCTIIKEHHSI CYKYITHOTO BIUIMBY Ha PiCT BTOMHOI TPIUIMHU TPUBAJIOi BUCOKOTEMIIEPATYPHOL
eKcIUTyaTarlii y HaBOJAHIOBAIILHOMY cepeloBulli (mapa) 3a PpI3HOTO HaIpyXeHO-
nedhopMoBaHOTO cTaHy y pi3HMX 30Hax runy Tpyowm (P3, H3, C3) ta na #oro IIJI, sxumii
3YMOBJIEHMH BIIMIHHICTIO iX poOOYMX mepepi3iB 1 BIANOBIIHO PI3HUM BILUIMBOM POOOYOrO
THUCKY MapH B TPyOl, TEPMIUHUX HANPYXKEHb, PI3HOTO POJAY 3TMHAJIbHUX 1 KPYTHHUX MOMEHTIB
TOILIO, III0 MOIJIM BUHMKATH MiJ yac ekcruryarauii naporonis TEC, mae BaxjiuBe 3HaAU€HHS
JUTSl pO3YMIHHS crielidiKK iX Jerpajaiii Ta MmomukoHKeHb.

Mera po6orn — nocninutu LT Ta ocobGmmBOocTI MexaHI3My pyHHYBaHHS cTail
12X1M® pizaux 308 THHY Ta iforo npsmoi aimsake (ITJT) micas 1,3-10° rog ii excrutyaramii
Ha rosjoBHoMy naporosi TEC.

O0’ekr Ta Meroauka jociaimxeHHsi. JocmimpkyBanu cranp  12X1IM®
JIEMOHTOBAHOTO THHY TOJIOBHOTO TMApOTOHY ITICIIS ~1,3x10° rox excrutyararii 1 817 3ynuHOK
omoky TEC. TI'mu 3HsumM 3 eKciulyartailii, OCKUTbKM Ha 30BHINIHIA WOTO MOBEPXHI B MEXKax
ctucHeHoi 30 (C3) BusABMIM MoBepxHeBl TpimuHu. [lapameTpu ekcrulyarauii THHY: THCK
napu 14 MIla, temneparypa 540°C. 3oBHilHIN JiameTp TpyOu Ha NpsIMIN IUISIHII TOJIOBHOTO
[IapOrOHy CTAHOBHMB 273 MM 3a TOBLIMHM CTIHKM 36 MM, KyT 3aruHanHs rudy 90°, pamiyc
kpuBu3Hu 1,0 M. Ilicns excrutyaTtanii ruH y pajaiagbHOMy THepepidsi MaB  (opmy
ne(OopMOBaHOTO elinca 3 TOBIIMHOIO CTIHKU TpyOu 39,5 Mmm y C3 Ta 33 MM y po3TSrHeHii
ioro 30Hi (P3).

Xapaktepuctuku LT Meranmy pi3HHX 30H THHIB BH3HAa4ajlud 3a KIMHATHOI
TEeMIIepaTypyu Ha OCbOBUX OaJIKOBHX 3pa3Kax, 3TJHO 3 METOJAUYHUMH peKkoMeHaauiaMu [13].
bankosi 3pa3zku (10x18x160 MM) BUpI3yBaaM TakuM YHHOM, LI00 PpICT TPILIMH y HHUX
BiIOyBaBCsI B paJialbHOMY HampsiMi (Tomepek CTIHKM TpyOM Bin 11 30BHINIHBOI 70
BHYTPILIHbOI TOBEpXHi). AJDKE eKCIulyaTalliiHi AeeKTH BUABWIM caM€ Ha 30BHIIHIN
noBepxHi Tpyom B C3 ruHy. 3pa3kd HABAaHTAXYBAJIM 3a CXEMOK KOHCOJIBHOTO 3THHY
gacrororo 10 I'y 3a acumerpii R = 0,05. HominaneHi da/dN — AK ta epextusHi da/dN — AKqy
KIHETU4H1 Alarpamu BToMHoro pyiiHyBanHs (K/IBP) OyayBanu sik 3aieKHOCTI IIBHAKOCTI
pocty BTOMHUX TpimuH da/dN Bin HOMIHAIBHOTO AK = K,ux — Kjpin Ta €()EeKTHBHOTO
AKef= Kppax — Ko po3MaxiB koedinieHnra iHTeHcuBHOCTI Hanpyxenb (KIH). Pisens KIH K,
10 CHPUYMHEHUN 3aKpUTTSAM TPILIMHHU 1 BIAMNOBIAA€ MEPEXOay BiJ 3aKPUTOI 0 BIAKPUTOL
TPIIMHU B IHUKJ HABAaHTAKCHHs, BU3HAYAJIUW METOJOM NOAaTAUMBOCTI. [loporosi 3HadeHHs
po3maxy KIH (mominaneHOro AKj; Ta epextuBHOro AKy o), O BianosigaroTs da/dN = 10
1o M/1IKII, BU3Ha4aH 3 BiamoBigaux KJ/IBP.

st dpakrorpadgiuHUX JOCHIHKEHb BUKOPUCTAIM 3JIaMHU 3pa3KiB, MOTEPEIHBO
BunpoOyBanux Ha LT 3a npunoporoBoi MIBUAKOCTI pOCTy TpimuHU. PpaxTorpadiuti
0COOJIMBOCTI TOCIII/KYBAJIM Ha CKaHIBHOMY €JIeKTpoHHOMY Mikpockoni EVO-40XVP.

OcHoOBHI pe3yJbTaTH A0CTai:KeHHsl. {11 OmiHIOBaHHS MIpH JAerpajaiii MeTany
PI3HUX 30H THHY rosioBHoro naporony TEC nmopiBHsM iX HomiHanbHI Ta edexkruBHi KJIBP
(puc. 1). Edexr nerpanauii HailoueBUIHIMINN 32 IPUIIOPOrOBOI MIBUIKOCTI POCTY BTOMHO1
TpiiuHU. ToMy /715 olliHIOBaHHS e(eKTy JAerpajanii BaXIMBO MOPIBHATH HOMIHANbHI AKy;, Ta
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epextuBH1 AKy; o moporu LT meranmy pizHuMX 30H ruHy. BusBuiiocs, o TpUBaaMil BIUIMB
eKCIUTyaTaI[liHUX YMHHUKIB MO-PI3HOMY BIUIMBAE Ha OIIP BTOMHOMY POCTY TPIIIIUH METay
pi3auX 30H runy Ta Woro I1/]. HaitBunmumu € noporosi 3nauenus LT AKy, = 5,1 MIla-m"? ta
AKp ofp= 4,0 MITIa-m'"? merany IIJI. Kpim Ttoro, came musa wmertamy I[IJ] pisHUUS MK
HoMIHAIBHUM AKj,; Ta  edextuBHUM AKj, ¢ NOPOTOBUMHU  3HAYEHHSMU  BHSIBHIIACS
HaliMeHmIo0. Lle € o3Hakoro TOroO, MO edeKT 3aKpurTsd BTOMHOI TpiuwmHu i [1)] runy e
HaicnabmumM. OTKe, IHTEHCHBHICTh BIUIMBY €KCIUIyaTallliHMX YMHHUKIB Ha MeTall II€i
TUISTHKYA € HaWciaaOImuM 1 TOMY Ha I AUISHI MeTaja HalMeHIn AerpafoBaHuii. HaitHmkdi
noporoBi 3HaueHHs KIH otpumamun s wmerany C3  runy mnaporony TEC
(AKy =4,0 MHa-Mm, a AKjper=2,1 MHa-Mm). Ile cBiguuTh MpPO TE, MO METal IIE] 30HU
nerpanyBaB HaicwibHinie. 3a noporosumu piBHsAMU LT meran P3 ta H3 runy nocigatots
MPOMDKHI MMosIokeHHsS. OTXe, MONpPH IEHTUYHI YMOBH €KCILTyaTallii MeTainy BCIX 30H THUHY 1
sioro IIJ] moporoBi 3HaueHHs LT (HomiHanbHI ¥ e(eKTHBHI) MeTally BCIX 30H THUHY
BHUSBWJINCS HIKIUMU, HOK [T/

3arantom maporonn TEC ekcminyaTyloTbCs 3a BIUIMBY — BHCOKOYAaCTOTHHMX
HU3bKOAMIUTITYJHUX [IUKIIYHUX HaBaHTa)X€Hb, CIPUUMHEHUX IE€penajaMu TUCKY IapH, Ta 3a
3HAYHOI acuMeTpil LUMKIY BiJ CTATUYHUX HABAHTaXXEHb, CTBOPIOBAHUX 1 TUCKOM MapH, i
TEPMIYHUMHU HANpY>KEHHSMHU Yepe3 rpaJlieHT TEMIEpAaTypu. 3a TAKUX YMOB MIKpPOCTPYKTYpHI
nedekTr B MeTail (CKJIaTHOJIETOBAaHI KapOiau B3JO0BXK MEX 3€pEH, HEMETAJICBl BKIIFOYCHHS,
SK1 BTPATUIM KOTE€3UBHUI 3B’S30K 3 MaTPULECI0 TOIIO) MOXYTh IHIIIIOBATH 3apOKEHHS
MIKPOTPILIUH MiJ{ Yac €KCIUTyaTalifHUX 3YMHUHOK TEXHOJOTTYHOTO IPOLECY, IO MOJIETIIye
MOILKOJKEHHSI METaly Ha CyOCTPYKTYPHOMY 1 CTPYKTYPHOMY PIBHSIX.

BBaxkanu, mo otpumani 3MmiHu xapaktepuctuk LT wmetamy pisHUX 30H THUHY
[apOrOHYy CIPUYMHEHI, 3 OJHOT0 OOKY, 3MIHAMHU BUXIJIHOT CTPYKTYPH LUIIXOM BUJUICHHS Ta
Koaryisiiii kapOifiB Y3/I0BXK MEX 3€peH, a 3 IHIIOTro, — 3 OJHOYaCHUM (POpMyBaHHSIM
MIKpOTIOIIKOKEHb [ 14]. 3aramom, 3a MEHIIOI, HIXK pO3paxyHKOBa TPUBAJIOCTI €KCILTyaTallii
rOJIOBHUX MAapPOTOHIB, BU3HAYAIIbHUM YMHHUKOM BIUIMBY Ha JIETPpajallil0o BBAKAIOTh TEPMIUHY
BTOMY, a 3a OUIbLIOI — MOB3YUICTh. AJDKE 3a MOB3YYOCTI BUHMKHEHHS IOp Ta pyHHYBaHHS
MEPEeTUHOK MDK HUMHM 3 YTBOPEHHSIM MDK3E€PEHHHX TPILHMH B OCHOBOMY Iepepizi TpyO
B1I0OYBa€ThCSl BIIPOJIOBX TPUBAIOI0 4Yacy, Ha SKUHA 1 OPIEHTYIOTbCA IMiJ Yac PO3PaxyHKY
IJ1aHOBOTO pecypey. Tonl sik 3a TEpMIYHOT BTOMHU 4epe3 3YMUHKH TEXHOJIOTTYHOTO MpOLeCcy
MIKpoie(heKTH BTOMHOIO HOXOJ/DKEHHSI B JlIaMETpajbHOMY Iepepizi TpyOu MOXKYTh BUHUKATU
3HAYHO IIBHJILIE, @ HABOJHIOBAHHS METally apOroHYy MOJEryBaTUMeE iX 3JIUTTA MK CO00I0.
Tenpenuii, BusBiexi 3a Bunpo6 Ha LT, migTBepaunu pe3yabTaTH, OTpUMaHi 3a BUIPOO Ha
CTaTUYHY TPILLIMHOCTIMKICTh Ta YAApHY B’ A3KICTh 3pa3KiB 3 pi3HUX 30H T'HHy [15]. 30kpema,
JeTpajallisg MeTaly BCiX 30H THHY BiIOyBa€eThCs iHTEHCUBHIIIE, HX Horo [1I. YyTnuBicTs 110
nerpajaiii Merany 3a epexktuBHUM ToporoBuM piBHeMm LT Bumma, HDK 32 HOMIHAJIHHUM.
Metan C3 ruHy BHUSBUB HaWHW)XUUN OMIp MOUIMPEHHIO BTOMHOI TPILIMHH, L0 € O3HAKOIO
HaNCWJIbHILIOI HOTO Jerpajaiii, Ky 3B’S3aJd 3 BUHUKHEHHSM Je(EKTIB TEPMIYHOI BTOMH,
K1 ¥ CIPUYMHUIIN HaOUIbIIE 3aKPUTTS BTOMHOI TPIIIMHY Y 11ii 30H1 TUHY.

Jlia 3’scyBaHHS NPUYUH JAerpajalili MeTaay pI3HMX 30H TMHY, €KCIUIyaTOBAaHUX Y
peaibHOMY TEXHOJIOTTYHOMY MPOLEC], BUKOPUCTAHO (hpakTorpadiuHuil aHai3 37aMiB 3pa3KiB
micnst Bunpo6 Ha LT, gxkuil na€e MOXIMBICT BUSBUTU Ta MpOaHANI3yBaTH BIAMIHHOCTI
PO3CITHOT MONIKOIKEHOCTI METally PI3HUX 30H TMHY B 4Yacl eKCIUTyartalii Ta BIUIUBY Ha LieH
IIpoLeC BOJHIO SIK poO0OYOro cepenoBula Ta JepOpMyBaHHS Ha €Talll BUTOTOBJIEHHS THHY.
Binomo [16 — 17], mo d¢paxrtorpadis nae 3mory BUpILIyBaTH psii 3aBAaHb: MO-IEpIIE,
11eHTU(IKYBaTU MEXaHI3MU PyWHYBaHHS 3 ypaxXyBaHHSM BUJY HaBaHTaXXEHHs, a MO-ApYre,
BUSIBUTH XapaKTep BIUIMBY PI3HUX YMHHHKIB, 30KpEMa YMOB HABaHTAXKEHHS 1 BJIACTUBOCTEN
MarepiaJy Ha Impolec pydHyBaHHsS. ToMy HIDKYe NpoaHali30BaHO (¢pakTorpadiuHi
O0COOJIMBOCTI POCTY BTOMHOI TPILUMHU Ui METaly pI3HUX 30H TUHY (HEUTpaJbHOI,
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PO3TATHEHO1 i CTUCHEHO1) Ta HoTo nmpsiMoi IUISTHKY. BusiBieHo, 1110 B MeTalll IpsIMOi TUISTHKA
Ha nipunioporosii autsaHi KJIBP nepeBaxano Tumose ajisi TaKOTo Kiacy CTalei Kpizb3epeHHe
pyliHyBaHHS 3 (OpMyBaHHAM (PECTOHIB, NEPETUHKH MDK SKUMH PYHMHYBAJUCS 3 O3HAKaMH
3HayHOI MmacTuyHoi nedopmaii (puc. 2 @), a 3a BUIIOT HLIBUIKOCTI POCTY TPIIIMHU 1 BULLOT
PO3AUIbHOT 3/JaTHOCTI MONEepeK (EecTOHIB BUSABISIM UITKI B’S3KI BTOMHI OOpI3JKH,
NEPIEeHIUKYIIAPHI IO MAariCTpajibHOTO HampsAMy pocTy TpiiuHU. OTXKe, B LIbOMY BHIAJKY
HE3HAYHUN eQeKT 3aKpuTTS TPIULMHU MOKHA 3B’SA3aTU 3 BHCOKOIO 3aJIMILIKOBOIO
IUTACTUYHICTIO Ta IIOPCTKICTIO MOBEPXHI 371aMy, 3B’A3aHy 31 CXOJAMHKaMH Ha MEepexoJiax Mix
(dbecToHamu.
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Pucynok 1. HominanbHi (TeMHi) Ta eeKTUBHI (CBITJII CHMBOJIM) KIHETHYHI JliarpaMH BTOMHOTO POCTY
TpinwHY B ctaii 12X1M® 3 po3rsarHeHoi (a), HelTpaibHoi (6), CTUCHEHOI (6) 30H THHY Ta Horo npsmoi
pinskn (0) micns 1,3x10° rox excrmyaTanii Ha rooBHoMy naporosi TEC

Figure 1. Nominal (black) and effective (white marks) kinetics diagrams of the fatigue crack growth for the
12Kh1MEF steel from stretching (a), neutral (b) and compression (c) zones of bend and straight pipe (d) after
1,3-10° hours of operation in the steam pipeline system of TPP

Ha 3mamax wmeramy H3, P3 T1a C3 cnocrepirasii MEHII IHTEHCHBHI CIIIU
IUIACTUYHOTO Ae(POpMYyBaHHA MiJl Yac pyWHYBaHHS MEPETUHOK MDK CYMDKHUMH (PECTOHAMU
(puc. 2). Uepes nosiBy KpUXKIIIMX €1EMEHTIB Ha 351amax (puc. 2b-d) nopiBusHo 3 I1]1 3podunu
BHUCHOBOK, L0 32 (akTorpapiuHUMU O3HaKaMH OMip PyHMHYBAHHIO METaly LIUX 30H 3HAYHO
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HIOKYMHA. A Ha Ipurnoporosiil AutsHUi 31amy C3 criocTepirajiy HaBITh HEBEJIHKI 3a IJIOLIECIO
(daceTku MiK3epeHHOTO Binkory (puc. 2 d), 3HAYHO KPUXKIIIi BTOMHI OOpiIKH, AEKOpOBaHi
MIKpOTpILIMHAMH, Ta KapOiau B3JOBXK MEX 3€peH, Kl 0CJIa0WId iX 1 CIPUYUHUIIU 3HAUYHE
BTOPUHHE MIKPOPO3TPICKYBaHHS, 3aBISKU SAKOMY BifOynaca (parmenraiis MeTaay Ha
MIKPOCTPYKTYPHOMY PpiBHI. 3pO3yMuIO, IO MDK3E€pEHH1 (aceTkH, SKi BUCTYNAIOTh HaJ
3arajioM IUIMTKAM YTOMHHUM 3J1aMoM (0cob6muBo Oararo ix y metani C3 runy), 3a0e3neqmin
BUIly (TOpPIBHAHO 3 IHIIMMHM 30HAa TMHY) ILIOPCTKICTh MOBEPXHI 1 TOMY IiX BBa)Kajlu
BIINOBIAAIbHUMU 32 HalOUIbMi edext 3T metany C3 runy.

Pucynok 2. ®paxrorpadivyti 0coOIMBOCTI pyHHYBaHHS Ha JUISHII IIPUTIOPOTOBOTO POCTY BTOMHHX TPIIIUH
(mBnzxicts ~107 M/tmk) y merani I (a), H3 (b), P3 (¢), C3 (d) runy naporony

Figure 2. Fractography features at near threshold fatigue crack grows (rate ~10® m/cycle) in metal from straight
pipe (a), neutral (b) stretching (c), and compression (d) zones of steam pipeline bend

Uirko okpecieHl caigd Big KapOimiB Ha MDK3epeHHHX (aceTkax 3imamy
excruryatoBanoi ctami C3 ruHy (puc. 2d) cBim4aTh Mpo Te, IO BIPOJOBXK CKCILTyaTarlii
BimOynacs ix mekoresis Biag MaTpuili, mo, 0e3yMOBHO, OCIa0WwiIo mi Mexi. Sk Haciigok, Ha
371aM1 OTpUMalid Ha (POH1 MDK3epeHHUX (aceTok pesbed 3 APIOHUX SIMOK, IPUUOMY PO3MIpU
LUX SIMOK BIANOBIJaIK po3MipaM Kap0OiaiB. Buctynu i BmaguHu BiJ MDK3EpEeHHUX (aceTok Ha
CHpsDKEHUX ToBepxHsIX 3maMmy C3 ruHy Xou HEBHCOKI i HernmmOoki (mo 50 mMkM), ane ix
KUIBKICTh € JOCTAaTHBhOIO, OO BHACTINIOK MIKPO3CYBIB Yy BEpIIMHI TPIIIUHH B IIUKII
HaBaHTAXEHHS 1 iX HecmiBnamiHHA ictotHO mnocwiuBes edekt 3T. Omxe, 3T B
excruryaToBaHiil ctani C3 ruHy CopUYMHEHE MIOPCTKICTIO MOBEPXHI BHACIIAOK MIK3EPEHHUX
MOIIKO/DKECHb, SKI BUHUKIN SIK Pe3yibTaT IMOMEpPeaHboi Tpacdopmariii CTpyKTypu cTaii 3
BUJIUICHHAM 1 KOArylisii€ero KapOiliB y3I0BXK MEX 3€peH Ille Ha eTalli ii eKcIulyaTallii 3
BIIMTOBIIHUM OCIAOJIEHHAM MEX 3€PEH 1 MOXKIIMBICTIO MDK3EPEHHOTO PYHHYBaHHS BHACIIIOK
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TEPMOBTOMHU IiJ] YaC YAaCTUX 3YIMUHOK TEXHOJIOTIYHOTO Ipolecy. 3yCTpIualoyuch Ha LUIIXY
pOCTYy BTOMHOI TPILIMHU, BOHU 3HIXKYIOTh ONIp il MOIIMPEHHS 1 BOJHOYAC CTBOPIOIOTH
penbed, skt cnpuunnse 3T.

BucHoBkn. 3  BUKOPHUCTaHHSM  TIOPOTOBUX  XapakTEPUCTHK  LUKIIYHOT
TPILMHOCTIMKOCT1 OJIHO3HAYHO MOKa3aHO HE JIMIIE IHTEHCUBHINLY JIerpajalilo MeTanly BCIiX
30H TMHY MOPIBHIHO 3 WOTO MPSMOIO IUISTHKOIO, aJI€ i MOKJIMBICTh HETUIIOBOT IHTEHCHBHIIIOT
Jerpajaiii MeTary CTHCHEHOI 30HU THHY IOPIBHSIHO 3 PO3TATHEHOIO, 1110 3B S3aJIH 3 BIUIUBOM
TEPMIYHUX HaNpyXKeHb Yy LI 30HI THHY IMiJ Yac 3YINUHOK TEXHOJIOIIYHOTO IpOIIECy.
@pakrorpadiqHo 1€ TPOSBUIOCS MOSIBOIO (parMEHTIB MDK3EPEHHOT0 pyHHYBaHHS Ha (hOHI
JIOBOJII TUTMTKOTO YTOMHOTO pelibedy 37aMiB 3a MPHUIIOPOTOBUX MIBHAKOCTEH POCTY BTOMHOT
TPILMHU, SKI CIOPUYUHSIOTH BHUCOKE 3aKpPUTTS TPILIMHU, IOB’SA3aHE 31 3POCTAHHAM
LIOPCTKOCTI TOBEPXOHb 3J1aMiB 3pa3KiB METaly CTUCHEHOI 30HU TUHY.

Conclusion. Using the characteristics of the near threshold fatigue crack growth
resistance not only intensive degradation of metal from different zones of bend pipe compared
with direct pipe, was shown but also the possibility of more intensive degradation of metal from
the compressed zone of bend compared to stretched one. It was explained by the influence of
thermal stresses in this zone during the shut-down of process. Fractography resulted in the
appearance of the intergranular facets on the relatively flat background of fatigue relief of
surface under the near-threshold fatigue crack growth rate which cause the cracks closure effect
associated with increasing of surface roughness of the fractures surface of the metal from the
compressed zone of bend.
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leano-Dpanxiscokuil HAYiOHATLHUL MEXHIYHUL YHIGepcumem Haghmu i 2azy

OLIHIOBAHHS PU3UKY BIOKOPO3IMHUX PYHYBAHbB
NII3EMHUX I'A3OIIPOBO/IIB

Pesrome. 'V npoyeci mpusanoi excniyamayii niozemMHux 2azonpogooie y neeHux pecionax Ykpainu
gopmyemovcs  exonociuna Hebesnexa, 3yMO6NeHA pPYUHY8AHHAM mMpyoonpoeodie 3 npudun 2pyHmogoi ma
Mikpobionociunoi  koposii. Koposilo memanie y niosemnomy cepedosuwyi Hauuacmiwe noe s3yiome 3
AHCUMMEQISLbHICIIO OAKMEPIl YUKTY CIPKU: CYIbBameioH06m08aNbHUX OaKmepiil, 30amHUX OKUCHIO8AMU CIDKY
ma it cnoayku 00 cyabgamuoi kuciomu, pisko snudicyouu pH cepedosuwya. Ilposedeno komniexkc 00caioxcens i3
BUBHAYEHHSL KOPO3IUHOL AKIMUGHOCME 2DYHMIE HA OOCALOHNCYBAHUX OLISIHKAX MPACU NPOKIAOAHHS MAZICMPATbHUX
eazonposodis Iliedennoco ma 3axionozo peciownie. Bcmawnoeneno, wo epynmu 6i0HOCAMbCA 00 2pYHMIG i3
CcepeOHiM ma BUCOKUM CMYNEHeM KOPO3IUHOI aKmueHOCMI, W0 npu3600ums 00 IHMeHCUGIKayii KopositiHux
npoyecis niozeMHUx 2azonposodis. Hasenicmo cyno@am-ionis y 60OHUX SURSINCKAX SPYHMY HA OLLTHYL mpacu
«6i06i0 00 I'PC m. Cakuy, na giomimrax IIK 6+25, npoba 4 i [IK 16+57, npoba 5 ma docnioxcysaniti dinsinyi
oosorcunoio 150 m ML «llaciuna-Honunay cnpudunse po3eumox MIiKkpobiono2iunoi Koposii 3 ywacmio
cynvamsionosnosarvrux oaxmepiii (CBB). s oyiniosanHs puzuxy po3eumky OIOKOPO3IUHUX DPYUHYSAHb
NIO3eMHUX MEeMAIOKOHCMPYKYIl, HAUSANCIUGIUUMU 3 SKUX € HADMO2a30onpo8oou, HeoOXIOHUM € NpoGedeHHs.
KOMNJIEKCY O0CHIOMNCEeHb, AKULL GKIIOYAE AHANI3 SPANYTIOMEMPULHO20 CKIAOY SPYHMY, KUCIOMHOCH, 801020CNIi,
HUMOMO20 ONOPY SPYHIY, HASAGHOCI CY.Ib(am-tioHi8, mMumpy aHaepoOHUx ma aepoOHUx MiKpOOP2AHI3MIG.

Knrouosi cnosa: koposis 2azonpogodie, cynbghameionosnosaivii bakmepii, KOpo3iiHa aKMUSHICMb
2PYHMIB.

Miroslava Polutrenko, Lubomyr Poberezhny, Andrij Stanetsky

RISK ASSESSMENT OF BIOCORROSION FRACTURE OF
UNDERGROUND PIPELINES

Summary. During long-term operation of underground pipelines in certain regions of Ukraine formed
environmental hazards are formed, caused by the destruction of pipelines because of soil and microbiological

34



