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3AKOHOMIPHOCTI 3MIHU MEXAHIYHUX XAPAKTEPUCTHUK
CTAJII 12XIM® 3 PI3BHUX 30H T'MHY MAPOI'OHY TEC

Pestome. 'unu napoeonie TEC xapaxmepu3yiomvcsi HeOOHAKOBOW Oedopmayiero Memany pi3HUX 30H:
DPO3MACHEHOI, HeumpaneHol, cmucHenoi. Sk pezynomam — pi3Hi MexawiuHi 61acmugocmi yux 30H YHACTHIOOK
dezpadayii. Jocniooceno mipy decpadayii cmani 12X1M® 3 piznux 30m cuny nicns 2,5-10° 200 i excnnyamayii' y
cucmemi napoeonie TEC. Cman memany oyinioganu 3a pe3ynomamami Gi3yanbHO20 00CmedceHHs ma 3d
MEXAHIUHUMU XapaKmepucmuKamu 3a 00HOGICHO20 po3msa2cy ma yoapy Ha nogimpi. Bussunu, wo maxcumanonux
3MIH 6HACTIOOK eKchIyamayii 3a3Halomv MeXauiuHi XapaKkmepucmuky cmaii po3macHeHoi ma HelumpanbHol 30H
CUHY.

Kniouoei cnosa: eun napozony TEC, mennompugka cmains, 0ecpadayis, MexaHiyHi Xapakmepumucmuru.

L. Svirska, O. Student, Yu. Nykyforchyn

REGULARITIES OF CHANGING THE MECHANICAL
CHARACTERISTICS OF THE 12KHIMF STEEL FROM DIFFERENT
ZONES OF STEAM PIPELINE BEND FROM TPP

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

Features of degradation of thermal power plant steam pipeline bending were caused by non-identical
conditions of deformation of the metal in different zones (tensile, compressed and neutral) of bend as on the
stage of production and the follow long-term operation. Due to the technological features of production and
peculiarities of the cross-sectional shape of bends the maximum tensile stresses occur in the tensile zone of
bending, where the wall thickness of tube is minimal. Mechanical properties of metal from different bend zones
were differed after long-term impact of stress.

The level of degradation of 12KhIMF steel from different zones of bend after 2,5-10° hours of operation
in the steam pipeline system of TPP was evaluated in this paper. Technical state of metal was estimated by visual
inspection of bend and using mechanical characteristics determined at uniaxial tension and impact test on the
air. During visual inspection of outer surface of the pipe an axial cracks in the tensile zone of bend, caused by
high temperature creep, were detected. It was established that mechanical properties of operated steel from
tensile and neutral zones of bend is maximally changed. That is, the characteristics of plasticity, determined on
the tangential specimens were sensitive to changes in the technical state of steel. Reduction of area of metal from
tensile zone of bend is in 2 times lower than the minimum allowable value (27% and 55% respectively). Impact
toughness level of the metal from tensile zone of bend determined on specimens of both orientations was lower
than the regulated value for heat-resistant steels too. This confirmed that the brittle fracture resistance
characteristic is also highly sensitive to changes in the technical state of the pipeline bend metal. Taking into
account the fact that degradation of damaged bending has reached the maximum degree (since the bend has
been damaged during operation), the level of the impact toughness of the metal can be proved expediency of
stopping the exploitation the actual structural elements of steam pipeline.

Key words: thermal power plant, steam pipeline bend of TPP, heat resistant steel, degradation,
mechanical characteristics.

Beryn. OctanHiM yacoM BIUIMB KOPO3iMHHMX Ta KOpPO3ilHO-MEXaHIYHMX YWHHUKIB Ha
TpHUBATY MIIHICTH MarepiamiB maporoHiB TEC ictoTHo 3pic y 3B’s3ky 3 nepexogom TEC Ha
MaHEBpPOBHH peXUM POOOTH 3 YACTUMHU 3YMHMHKAMU €HEproOJIOKiB. AJke Ha chboroani 92%
ycTarkyBanHs eHeproOiokiB TEC B YkpaiHi BiAmpaltioBad CBiff po3paxyHKOBHH pecypc
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(~10° rox), Gimbme 70% (81 eHEproGIOK) MEpEBHINMIA TPHIHSTHI y CBITOBIH MpPaKTHI
rpanngHui pecypc [1]. 3okpema, B Mipy 3pocTaHHS KiJIBKOCTI 3YIIHHOK TEXHOJOTIYHOTO
nportecy iHTeHCH(]iIKyeThbes Jerpanamis Metanry naporodis TEC [2]. BrumB mporo ynHHMKA
iHTeHCU(IKYy€eTbCS y TaKUX eJeMeHTaX, SIK 'MHU HaporoHiB [3 —7]. Amke HEOJHOPIIHICTH
BIACTUBOCTENH MeTaly 3 Pi3HHX 30H TMHIB BMHHUKAc Ie Ha €Talli IXHHOTO BHTOTOBIEHHS. i
OB’ SI3YIOTh 3 HEPIBHOMIPHICTIO Je()OpMyBaHHSI METaly 3 Pi3HHUX 30H TMHY IO IEpUMETPY
TpyOHu [8, 9].

ToMmy mnwmTanHsS HamiHHOCTI pobotm obmagHanHs TEC, oriHIOBaHHS pecypcy Ta
MIPOJOBXKEHHSI TapaHTOBAHOTO 1 OE3MEeYHOro TepMiHY eKCIUTyaTtallii JeTajeil eHepreTHYHOro
YCTaTKyBaHHS, JO SIKAX BIIHOCATh 1 THHU TAPOTOHIB, € OCOOJWBO aKTyaJlbHUM IS
BiTun3HAHOI TemtoeHepretuku [1, 10]. Ix Bupimenns mnotpebye pO3yMiHHS IIPUPOIM
MIPOIIECIB, SIKI CHPUUYMHSIOTH JETPajiallilo BIaCTUBOCTEHN Ta pyiiHYBaHHS MaTepiaiiB.

Merta po6oru — npoaHallizyBaTH NMPUYMHH BHUHUKHEHHS HACKPI3HUX IOIIKO/KEHb Y
TPUBAJIO €KCIUTyaTOBaHOMY TuHI maporoHy TEC Ta JIOCITITUTH MeXaHiYHI XapaKTePUCTHKU
MeTaly 3 HOro pi3HUX 30H (PO3TATHEHOI, HEUTPaIbHOI Ta CTUCHEHOT).

O06’ext nmocaizkenHs. JlociipkyBaiu BepTHKaIbHUN TWH TpyOMm 10 mapo30ipHOi
kamepu kotia TII-100, Burorommenmii 3i crami 12X1M® (0,1% C; 0,019% S; 0,015% P;
0,26% Si; 0,54% Mn; 1,1% Cr; 0,17% V; 0,26% Mo) micas ~25-10* ron ekcruyararii i 1560
3ynuHOK TexHojorigyroro mnporecy TEC. Tuck mapu y TpyOi mij 9ac ekcIuIyaTarii cTaHOBUB
14 MIla, Temmeparypa BopojoBx nepmmx ~2-10° rox ekcmuyaramii cranosuna 565°C, a B
nojanbmomy — 545°C. 30BHimHINA giameTp TpsMoi AUIAHKA TpyOM craHOBHB 133 MM,
ToBmMHa CTiHKM — 17 mM. Kyt 3armny — 120°. JliameTpansHuii nepepiz rury mMas (Gopmy
ne(opMOBaHOTO ellinca 3 TOBIIMHOIO CTIHKU TpyOHu 18 MM y cTHCHEHiH, 16 MM y HEUTpabHii
Ta 14 MM y po3TsrHeHii 30Hax. Take cyTTeBe CTOHIIEHHS CTIHKU TPYOH y PO3TATHEHil 30Hi
THHY MOTJIO BiJOYTHCS BHACITIJOK IOB3YYOCTI METaly IijJ BIUIMBOM pPOOOYHMX HAINPYKEHBb
YIIPOJIOBXK TPUBAJIOi BUCOKOTEMIIEpaTypHOI eKcIulyartarii. B Mipy mocTymoBOro CTOHIIEHHs
CTIHKH TpyOHW KOHIICHTpAIlisl HAmpyXeHb y IbOMY Micii 3poctana [11, 12], mo crnpusiio
3apOJKEHHIO TYT TPIIMAHU TOB3YYOCTI, PICT AKUX 3aBEPIIUBCS PYWHYBAHHSM THHY.

Metoau nocaimkenb. CTaH MeTaly TMHY OIIIHIOBAJIM 3a PE3yJIbTaTaMU Bi3yalIbHOTO
00CTeKEeHHSI Ta aHaJi3y MOPQOJIOTii TPIIKH, XapaKTePUCTUKAMHU MIITHOCTI Ta IJIaCTHYHOCTI,
yJIapHoto B’si3kicTio. OCKUIBKM THHY BJacTHBAa HEOJHOPIAHICTH J€(OPMOBAHOIO CTaHY
MeTally Ha eTali Horo BUTOTOBJIEHHS, TO PIBEHb Jerpajallii OLiHIOBAJIN Ha 3pa3Kax OChOBOI i
TaHTCHINAJILHOI Opi€HTAIlill, BUPI3aHUX 3 PO3TIATHEHOI, HEUTPATLHOI Ta CTUCHEHOI 30H THHY.

MexaHi4HI XapaKTepHUCTUKUA METaIy 3a OJJHOBICHOTO PO3TATY BU3HAYAIU HA PO3PUBHIH
MamuHi YME-10T i3 BHKOpHCTaHHSM TJIAQIKUAX MHIIHIPAYHUX 3pa3KiB JiaMeTpoM 5 MM 3
I’ ITUKPATHOIO JTIOBKUHOIO poOouoi yacTunu 3rijHo 3 [OCTom 1497-84 [13]. 11106 ycynyTn
ciigu nutipyBaHHS, SIKI MMiJT Yac BHUIPOO MOIJIM CIYKUTH KOHIIEHTpAaTOpaMH Hampy>KeHb,
MMOBEPXHIO poO0YOi YaCTHHH 3pa3KiB Iepes] BUMIPoOaMH TOJIIPYBAIH 13 3aCTOCYBAHHIM IACT
pi3HOi 3epHUCTOCTi. 3pa3Kd BHUIPOOOBYBAJIM Ha MOBITPI 3a MMBUAKOCTI JeGopMyBaHHS
po6o4oi yacTUHH 3,3><10_4 cl

VYnaapHy B’SI3KiCTh MeTalxy 3 pi3HHX 30H ImHY Bu3Hadamw 3riHo 3 ['OCTom 9454-78
[14] ma 3pazkax Menaxe (10x10x55 M) 3 U-momiOHUM HaApi3oM TIUOHHOIO 2 MM.
KoHnenTparopr Ha 3pa3kax HapizyBaid 3 OOKY 30BHIIIHBOI IOBEpPXHI TpyOW. 3pazku
BUIIPOOOBYBAIM Ha MasiTHUKOBOMY koripi 1O-5003.

Pezynemamu  6i3yanvnozo oocmexcenna. Ilin yac Bi3yaapbHOro OOCTEKEHHS
30BHINIHBOT TOBEPXHI PO3TATHEHOI 30HW TWHY BHSBIJIM TPH HACKPI3HI MaKpOTPIIIUHH
ochoBOi opieHTamii 3aBmoBxkku 50...60 MM koxkHa (puc. la). IxHs cymapHa poBxKuHA
nocgaraina ~150 mm.
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a 0
Pucynok 1. 3aranshnii Burnsag (a) i mopdoutorist (6) HaCKpi3HUX TPILIMH OCbOBOI OpieHTALT
Y PO3TATHEHil 30Hi THHY

Figure 1. General view (a) and morphology (b) cracks in the diametric section of the pipe
in the stretched zone of bend

3a Mopotoriero TpilMHU KpUBOIiHiHHI (puc. 10). Lle € HacmiIKOM 37IUTTS Mik cOO0I0
KOPOTIIUX TPIIIMH, SKi 3apOPKyBaJIUCh y PO3TSATHEHIH 30HI TMHY TpyOM BiJ 30BHIIIHBOL
MMOBEPXHI TPyOHM BHACIIZOK IMOB3YYOCTi. AJDKe Yepe3 TOHINUN TOMEePeUHuid mepepi3 Tpyou y
il 30HI TYT CTBOPIOIOTHCS HAMCIPHUSATIUBIII YMOBHU JUISI BACOKOTEMIIEPATYPHOI MOB3Y4OCTi
MeTaJTy TIiJ] 9ac TPUBAJIOi eKCILTyaTartii.

[Ipodine TpimuHEM y diaMeTpalbHOMY TIepepi3i THHY TpyOH TeX KPHBOJIHIHHUI
(puc. 2). lle € 03HAKOIO POCTYy TPIIIMHU MOB3YUYOCTI NUIIXOM IOETATHOTO PYHHYBaHHS
MEPETHHOK MK BEPINUHOK MaKPOTPIIIMHA 1 MIKpOTPIITUHAMH, sKi Toriepexy Hei. TpimuHa
HIMpIIe po3KpuTa OijIsl 30BHIIIHBOI OBEPXHI TPpyOH, HixK 01 BHYTpimHBoi. I{e Bkazye Ha Te,
mo ii pict BigOyBaBcsl came BiJ 30BHIIIHBOI MOBEpXHI J0 BHYTpimHBOI. KpiMm TorO,
3aBepIIaIbHAN €Tall PyHHYBaHHS 3a TIOB3yUYOCTi 3a3BUYail BiJOYBaBCs 32 MEXaHI3MOM 3CYBY.
AJKe HagBHICTH KOCOTO 3jIaMy Oilsl BHYTPIIIHBOI TOBEpXHI TPYyOHM CBIMYUTH MPO
JIOMIHYBaHHS 3CYBHHUX IPOIIECIB, SKi € 03HAKOIO 3aBEPIIAJILHOTO €Taly pyWHYBaHHS.

a

Pucynok 2. JliametpanbHuii iepepi3 ruHy TpyOU 3 HACKPI3HOIO TPILMHOIO Y PO3TATHEHI Horo
30Hi (8) Ta T Moportoris ()

Figure 2. Diametric section of bend with through crack in the stretched
zone (a) and its morphology (b)

[IpoanamnizyBanu Takox (akTypy i TOBIIMHY OKCHJIHOI IUTIBKM Ha 30BHIIIHIA MOBEPXHIi
TUHY TpyOW. Y 30HI PO3TATY THHY CIIOCTEpiraid CjIiu 0aratopa3’oBOTO BiJIapyBaHHS
OKCHJTHOT TUTIBKH 3 YTBOPEHHSIM OCTPIBIIIB orojieHoro metany (puc. 3a). lle MoxiuBo nuiie
3a 3HA4HOI Jedopmariii MeTaly BHACIITOK ToB3ydocTi. [lmoma ocTpiBIiB BiAIapyBaHHS
OKCHJIHHX ILTIBOK TIOCTYIIOBO 3MEHIIIYEThCS y HAIPSIMi JI0 HEHTpaabHOI 30HH THHY (pHC. 30).
VY 30H1 CTHCKY IIi OCTpIBIII IPaKTUYHO BiACYyTHI (pHc. 36). OTXKe, TOBIIMHA CTIHKU TpyOu B
PO3TATHEHIN 30HI THHY 3MEHIIYETHCS HE JIMINE BHACIIIOK ITOB3YYOCTI, ajie me ¥ BHACIIJIOK
aKTHBAIlil IPOIIECY OKMCHEHHsI aKTUBHO JedopmoBaHoro merary. KpiM TOro, cCXoIuHKH Ha
mepexojax MiXK BHCTYIIAMH OCTPIBIIB IUTIBKH 3 II€ HE BUIIYIIEHUX OKHUCIIB JI0 TOHIIOl
IUTIBKH OKHCIIIB CTBOPIOIOTH JI0JIATKOBY KOHIICHTPAIIIIO HAMPYXKEHB 1 TAKOXK MOXKYTh CIPUSTH
Jokanizamii nedopmaiiii Ta pyitHyYBaHHIO.
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o

Pucynok 3. dakTypa OKCHIHOI TITiIBKM Ha 30BHILIHIN MTOBEPXHI PO3TATHEHOT (@), mepexigHol
JI0 HelTpanbHOI (0) Ta CTUCHEHOT (B) 30H T'MHY TpyOu

Figure 3. The texture of the oxide film on the external surface of stretched (a), the transition
to neutral (b) and compressed (c¢) zones of pipeline bend

Mexaniuni xapakmepucmuku 3a pozmazy. Hopmarupauii nokyment TY 14-3-460—
2003 peryiaMeHTye MeXaHiuHI BJIACTHBOCTI TEIIOTPUBKUX crajei maporonisB TEC [15].
3okpema, rpaHulsg MiqHOCTI ©p cTami 12X1IM® He mNOBMHHA BHUXOIUTH 3a MeEXIi
441...637 MIla, a rpaHuIls IUIMHHOCTI Gy IIOBUHHA OYTH He HIDKYOIO 3a 274 MIla. BigHocHe
BHJIOBXKEHHSI 0 Ta BiJJHOCHE 3BYXXCHHS \J MOBHHHI OyTH He HWXYUMH 32 19% i 50% mis
3pa3KiB, BUpI3aHUX Yy TaHTeHI[iaJibHOMY HampsMi, Ta 21% 1 55% ni1st 3pa3kiB OCbOBOL
Opi€eHTAIli1 BiIIOBITHO.

Hocnimxenns cram 12X1M® 3 pi3HHX 30H €KCIUTyaTOBAaHOI'O TWHY Ha TaHTEHIIATbHO
OpIEHTOBAHMX 3pa3KaxX BUSBWUIM, IO 3a MPAKTUYHO HE3MIHHOCTI PIBHS Gp MO MEPUMETPY
TPYOH TpaHUIl TUTMHHOCTI MeTally 30HH po3Tary 3pocia o 350 MIla mopisasHO 3 300 MI1a,
3adikcoBaHUMH y 30HI CTHCKY (puc. 4a, 6). OTxe, 32 XapaKTepUCTUKAMU MIIHOCTI CTallb
12X1M® 3a10BOJIbHSIE PETJIAMEHTOBAHUM BUMOTAM.
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Pucynok 4. XapakrepucTuku MiltHOCTI G5 (a), Gp» (6) Ta mnacTuaHoCTi 6 (8), V¥ (2), OTpUMaHi Ha
TaHTeHUATbHUX 3pa3Kax, BUPi3aHUX 3 PO3TATHEHOT (YOPHI CTOBITYMKH), HeUTpalbHOT (Oii)
Ta cTUCHEeHOT (cipi) 30H rnHy. YopHI ropn30HTaJIbHI JTiHIT 00MEXYIOTh periaMeHTOBaHi
PiBHI MEXaHIYHUX XapaKTePUCTHK YM Aiana3oH iX 3MiHU

Figure 4. The characteristics of strength 6yrs (@), oys (), and plasticity 6 (c), y (d) obtained
for tangentially oriented specimens cut from the stretched (black bars), neutral (white) and
compressed (gray) zones of bend. Black horizontal line delimits the regulated level of
mechanical properties or range of their changes
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CTOCOBHO XapaKTepPHCTHK IUIACTHYHOCTI BHSBWIIM 3HAYHE 3HUKEHHS BiJTHOCHOTO
3BY)KEHHS \J METaIy 30HH PO3TATY THHY (110 27% mopiBHSIHO 3 68% Yy 30HI CTHCKY) (pHC. 38).
BimzHaunnm Tako)X HEBIAMOBIAHICTh XapakTepy 3MiHM XapaKTepPUCTHK IJIACTUYHOCTI B 30HI
poO3TATy. AJDKE TIONpPH 3HMIKSHHS BiIHOCHOTO 3BY)KCHHS \J BiJJHOCHE BHJIOBXKEHHS METAITy
30HU PO3TATY O 3poctae 10 27% (nopiBHSHO 3 24,3%, OTpUMaHUM JJIsl METaly i3 CTHCHEHO1
30HU) (puc. 42). IToniOHy TeHACHINIO paHille 3B’ I3yBaIH 3 POSKPUTTSIM BHYTPIIIHIX Ae(EKTIB
y JIerpajioBaHUX TEIUIOCTIHKUX CTASAX Ta IX 3BapHUX 3’ €IHAHHSX, SIKi BUHUKIIU 33 TPUBAJIOTO
BILTUBY EKCIUTyaTaIllfHUX TEeMIIEpaTypHO-CHJIOBHX 1 KOPO3iMHWX YMHHUKIB [16]. fAxmo me
CIIpaBeUTMBO, TO MOKHA CTBEPJPKYBATH, IO B 30HI PO3TATY aHAII30BAHOTO TMHY KiIBbKiCTh
Takux Je(eKTiB € OUIBIIOI, aHDK y 30HI CTHCKY. OTXKe, SKIIO OIIIHIOBAaTH 3a
XapaKTePUCTHKAMHU MIIHOCTI MeTally, BU3HAaYeHUMH Ha TaHTeHIIaTbHUX 3pa3Kax, TO MOXKHA
3pOOMTH BUCHOBOK IPO MPHITMHEHHS EKCIUTyaTallil TWHYy, OCKUIBKH BIJIHOCHE 3BY)KEHHS
MeTaiy 3 pO3TSTHEHOI 30HU TMHY € Yy 2 pa3d HUKYE 3a MiHIMAJILHO JIOITyCTUME.

VY BUNAJKy OCHOBHX 3pa3KiB 3adikcyBad MPaKTHIHO oHaKOBI (~500 MIla) 3HaueHHS
TpaHUIll MIHOCTI Gp A MeTaly 3 Ycix 30H ruHy (puc.S5a). Ilpore Ha BigMiHy BiA
TAQHTCHINIAJILHUX 3pa3KiB HaWHM)KYE 3HAYCHHS TPaHUIll TEKYy4dOCTi Gy, 3adikcoBaHe Yy
PO3TATHEHIN 30HI TMHY, y TOH 4Yac sk HaiBuie 3adikcoBane y HedTpanbHiid (300 Mlla i
375 Mlla BigmoBigHO) (puc. 56). OTxe, SKIIO OIIIHIOBATH 3a XapaKTEPUCTUKAMH MIITHOCTI
MeTaily, BU3HaYeHUMH Ha 3pa3Kax OChOBOI Opi€HTAIlil, TO TaKOXK MOXKHA JIATH OJTHO3ZHAYHOTO
BHCHOBKY, IIIO TiJICTaB ISl ISMOHTAXY Ta MPUITWHEHHSI eKCIUTyaTallii THHy He OYJI0, OCKLIBKH
iX XapaKTepUCTUKH MIITHOCTI HE BHMIIUIH 32 MEXKi PerIaMeHTOBAHOTO Jiara3oHy.
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Pucynok 5. XapaxkrepucTukn MitHOCTI Gg (@), Gy (0) Ta macTuaHOCTI 6 (8), Y (T), OTpUMaHi Ha OCHOBUX
3pa3Kax, BUPi3aHUX 3 pO3TATHEHOT (YOPHI CTOBMYMKHM), HelTpanbHOi (Oi1i) Ta cTrcHeHoT (cipi) 30H ruHy. YopHi
TOPU3OHTAJIbHI JIiHIT 00MEKYIOTh perllaMEHTOBaHI PiBHI MEXaHIYHUX XapaKTEePUCTHK Y1 Jiana3oH iX 3MiHU

Figure 5. The characteristics of strength 6yrs (@), oys (), and plasticity & (c), v (d) obtained for axial specimens
cut from stretched (black bars), neutral (white) and compressed (gray) zones of bend. Black horizontal line
delimits the regulated level of mechanical properties or range of their changes

[Tompu Te, Mo B ycix 30HAX TWHY BiTHOCHE 3BY)KEHHS \J BHINE 3a PETIAMEHTOBAHE
3HAUEHHS, 1€l MOKAa3HUK € HAWHKYUM JJI1 MeTaly 31 cTUCHeHOI 30HH (pHc. 52). BigHocHe
BHJIOBKCHHSI 0 MeTaly 3 YCiX 30H THHY IIEPEBHUINYE pErIaMEHTOBAaHUN piBeHb, aje y
CTHCHEHiH 30H1 € HallBUIUM, a Y HeUTpalbHil — HAWHIKINM.

Ha ocHOBI oTpuMaHMX pe3yJbTaTiB MOXHa CTBEp/UKYBATH, IO MEXaHIYHI
XapaKTEPUCTUKHN METaly THHY, BU3HAUCHI Ha OChOBUX 3pa3Kax, € HEIOCTATHhO UyTIUBUMH IO
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3MIHM TEXHIYHOTO CTaHy MeTally BHACHJOK eKCIUlyaTalii Ta He JaloTh MiACTaB st
BUJIYYCHHS THHY TAPOTOHY 3 eKCILTyaTarii.

OTpumaHi 3a OIHOBICHOTO pO3TATY 3pa3KiB pe3yJbTaTH MPOAHATIZYBAIM TaKOXK 13
BAKOPHCTAaHHSIM B)XHBAHOTO B CHEPreTHIll TOKa3HHWKAa CTaHy JIETPaJioBAaHOTO MeETaly o
(puc. 5), KUl BU3HAYAIOTH K CITIBBITHOIIEHHS IPAHUIb IUNTMHHOCTI Gy, Ta MIITHOCTI Gp. J[ist
omaaHo JieroBanoi crami 12X1M® BiH He TOBWHEH nepeBuimyBath piBeHb 0,7 [17].
[Toka3HWK o BH3HAUWIM M 3pa3KiB TaHTeHHianbHOI (puc. 6a) Ta ockoBoi (puc. 60)
opieHTariii. J[isi TaHTeHIIAIbHO OPIEHTOBAHUX 3pa3KiB HAUTIPIIUM e MOKa3HUK BHSBHBCS
JUISL METAJIy 3 PO3TATHEHOI 30HH, OCKIJIBKH JIOCAT MaKCUMAaJIbHO JIO3BOJICHOTO 3HAauUeHHs. J[iist
OCBHOBHX 3pa3KiB HaiBHUIIEC 3HAYCHHS MMOKA3HUKA 0. BUSIBIJIA Y HEHTpaIbHIM 30HI THHY 1 BOHO
MEPEBHUIIMIIO J03BOJICHE PETJIAMEHTYIOUNM JIOKYMEHTOM 3HaueHHs. Lle cBiAUuTh mpo Te, 110
3TITHO 3 IIMM TIOKa3HUKOM II 30HA TWHY 3a3Haja HaWCHIBHIMMOI aerpanparii. ko
OIIIHIOBATH TEXHIUYHUIM CTaH MeTaly 3a I[€I0 XapaKTEPUCTHKOI0, TO TPOJOBXKYBATH HOTO
eKCILTyaTyBaTd Jajli He MOKHA OyJlo, OCKUIBKH MeTall 3 PO3TSATHEHOI Ta HEeUTpaJbHOI 30H
TMHY HE 3aJI0BOJIbHSIE BUMOTAM PErNIaMEHTYIOUOTO JOKyMeHTa. KpiM Toro, BiJ3HAYHIIH, IO
TaHTCHINAJBHI 3pa3Ky YyTIUBINI JO 3MiHH CTaHy MeTaJly 'MHY BHACJIJOK €KCILTyaTamiiHol
nerpajaiiii, 60 3 BUKOPHUCTaHHSM IIbOTO IMOKA3HWUKA 30HA PO3TATY THUHY, Jie W BiaOyocs
pyHHYBaHHS, BUSIBHJIACS HANTIPIIOLO.

o o
i P PucyHok 6. [Toka3HUK o BU3HaU€HUH 3a pe3yJbTaTaMu
BHIPOO TaHTeHITIATHHUX (@) Ta OCBOBUX (6) 3pa3kKiB,
0,7 07 BUPI3aHNX 3 PO3TATHEHOT (YOPHI CTOBITYMKH), HEWTPAIBLHOT
’ . . . . . . .
(6iti) Ta cTrcHeHoT (cipi) 30H rTuHy. YopHI TOPU30HTAIBHI

JIiHIT 0OMEXYIOTb PerJaMeHTOBaHi piBHI MeXaHIYHUX
MOKa3HHUKIB YU Aiana3oH iX 3MiHU

0.6 0.6 Figure 6. Index a defined by results of tests tangential (a) and
axial (b) specimens cut from stretched (black bars), neutral
s (white) and compressed (gray) zones of bend. Black
horizontal line delimits the regulated level of mechanical
05 0.5 properties or range of their changes
a O

Bunpoou na yoapuy 6’askicmse. 3TiTHO 3 perIaMEHTYIOUMM JOKyMeHTOM [15]
3HaueHHs KCU, BH3HaueHe Ha TaHTEHIIAJLHO OpPIEHTOBAaHMX 3pa3KaX, MOBUHHO OyTH He
HwoxkauM 3a 0,5 MI[;K/MZ, a Ha 3pa3kax ocboBOi opieHTarii — 0,6 MI[;K/MZ. Bumnpobu 3paskis,
BUTOTOBJICHUX 3 PI3HUX 30H THHY, JIaJTH POTHO30BAHMM pe3ynbTaT (puc. 7).

Pucynok 7. Y napna B’sa3kicte KCU, BU3HaueHa Ha
TaHTEHIIATFHIX (a) Ta OChOBUX (0) 3pa3Kax, BUPi3aHUX 3
po3TATHEHOT (YOPHI CTOBIMYMKH), HeWTpanbHOi (0ii) Ta
cTrCHEHOT (cipi) 30H ruHy. YOpHOIO rOPHU30HTAIIBHOIO JTiHIEFO
M03HAYEHO HAWHIKYMIA 3 TormycTUMUX piBeHb KCU nns
MeTaly y BUXiJJHOMY CTaHi

KCU, MJTsk/m”

Figure 7. Impact strength KCU, defined on the tangential
(a) and axial (b) specimens cut from stretched (black bars),
neutral (white) and compressed (gray) zones of bend. Black

horizontal lines show the lowest acceptable levels of KCU for
metal in the virgin state

0,2
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MEXAHIKA TA MATEPIAJIO3HABCTBO

Jlnist 3pa3kiB TaHTeHIIaJbHOI Ta OCbOBOi opieHTalilt 3HaueHHS KCU 3MiHIOIOTHCS
SKICHO TIO/II0HO: HAWHWKYAMHU BOHH € JUISI METaJIy PO3TATHEHOI, a HAWBHIMUMHA — CTUCHEHOI
30H ruHy. llpore 3HauenHs KCU wMetamy po3TSATHEHOI 30HM THHY Ha 3pa3kax |1
TaHTEHITIAJIbHOT, i 0CHOBOI Opi€HTAIlii He 3aJJ0BOJIHIIIA BUMOT PErJIaMeHTYIOUOro IOKYMEHTa
[15, 18]. Kpim Toro, 3nauennss KCU, BU3HAuUeHI Ha TaHTEHIIAIIbHO OPIEHTOBAHUX 3pa3zKax
Maii)ke BJIBIUi HFDKYI, aHDDK BH3HAYCHI Ha OChOBHMX 3pa3kax. laki HU3bKi 3HaueHHS KCU
PO3TATHEHOI 30HM TMHY TpyOW, BU3HA4YeHI Ha 3pa3kax TaHICHIIAJbHOI Opi€HTallli, MOXXHa
3B’SI3aTH 3 HAsSBHICTIO JieeKTiB, a00 OKPUXYCHHX JISTHOK Y MeTalli, OPIEHTOBAHUX y30BXK
oci TpyOu. PyiiHyBaHHS TaHTeHIIaJbHUX 3pPa3KiB IOIMIMPIOETHCS B pafialibHOMY HampsMi
OCBOBOTO Tepepi3y TpyOH BiJl 30BHINIHBOI IOBEPXHI, IO CHIiBIIAJa€ 3 HAPSIMOM ITOIIHPEHHS
TPILIUH MOB3y4ocTi. HIkunM 3a periiaMmeHToBaHe BUSBUIIOCS TaKoX 3HaueHHS KCU metaiy
HEWTpaJgpbHOI 30HM TWHY, BHU3HAYEHI Ha TaHTEHIIIAJIbHO OpIEHTOBAHUX 3pa3KaxX, Xoua
BU3HAYEHI HA OCHOBHX 3pa3Kkax Bce € 3aJ0BOJIBHAIOTH BHMOTH PErjaMeHTYIOuOro
nokyMeHTa. 3HadeHHs KCU Metally CTHCHEHOI 30HW THHY, BH3HA4YCHI Ha 3pa3kax 000X
OpieHTaIli}f 3310BOJILHUIIM BUMOTH PETJIAMEHTY.

OTxe, 3a y/IapHOIO B’S3KICTIO, SIKa XapaKTEPHU3Y€E OIIp KPUXKOMY PYHHYBaHHIO, METall
PO3TATHEHOT 30HU THHY HE 3aJI0BOJIBHUB BUMOTH JI0 TEIUIOCTIMKUX CTalIeH.

BucnoBku. BizyagpHe 00CTeXEHHsI THHY TOKa3ayio, IO TPIIIMH Yy PO3TATHEHIN 30HI
TUHY TpYOHM YTBOPHIIMCS BiJ 30BHIIIHBOT MOBEPXHI TpyOM BHACIIJOK BUCOKOTEMIIEpATypHOI
MTOB3YyYOCTI.

HezanexHno Bix opieHTanii 3pa3kiB (OChOBI UM TaHTeHIIAJbHI) XapaKTEPUCTHKU
MIITHOCTI TPUBAJIO €KCILTyaTOBAHOTO METANy Pi3HUX 30H THMHY BHSBIUIACS HE UyTIUBUMH JIO
3MiHM HOro TEXHIYHOTO CTaHy. XapaKTepPUCTUKU IUIACTUYHOCTI, BH3HAYEHI HA OCHOBUX
3pa3Kax, TeX BUSBUJIMCS HEUYTIIMBUMH JI0 3MiHH TEXHIYHOTO CTaHY METally pi3HHUX 30H THHY
BHAcIioK ekciuryatamii. Tomi K XapakTepUCTHKH IJIACTUYHOCTI, BHU3HAYEHI Ha
TaHTEHI[IAIbHUX 3pa3Kax, MiATBepAWIN JONUIBHICTh TPHUIWHEHHS eKCIUTyaTamii THHY,
OCKIUJIbKMA BIJTHOCHE 3BY)KEHHS METaly 3 PO3TATHEHOI 30HM TUHY € y 2 pa3h HIXKYE 3a
MiHIMaITBEHO JrorrycTiMe (27% 1 55% BiAIOBITHO).

OriHIOBaHHSI CTaHy MeTally 3a CIiBBIJIHOIICHHSM TPaHUIlb TUIMHHOCTI Ta MIIIHOCTI
MeTally 3 BIIMOBIIHAX 30H THHY TEX ITiITBEPIMIIO BUCHOBOK IIPO T€, IO METAT PO3TATHEHOL
300U ruHy naporony TEC He 3a710BOJIbHSIE BAMOTH PErJIaMEHTYIOUOr0 JOKYMEHTA.

CtpiMKe 3HWKCHHS yJapHOI B’SA3KOCTI METaly PO3TATHEHOI 30HW THHY MaporoHy,
OTpHMaHe Ha 3pa3kax o0OX Opi€eHTalidf, 10 piBHS, IO HE 3aJOBOJIHSE BUMOT IO
TEIJIOCTIMKUAX CTalel, MATBEPINIIO, IO XapaKTePUCTUKH OIMOPY KPUXKOMY PYWHYBAHHIO
MalOTh BHCOKY YYTJIMBICTh JO 3MiHM TEXHIYHOTO CTaHy MeTally MaporoHiB, 30Kpema
BUSIBIISIFOTH PI3HUITIO CTaHy METAy Pi3HUX 30H T'HHY.

Conclusions. Visual inspection showed that cracks in the stretched zone of pipeline
bend are formed from the external surface of the pipe as a result of high temperature creep.

Strength characteristics of long time exploited metal from different zones of pipeline
bend are not sensitive to changes of its technical state regardless of the specimen’s orientation
(axial or tangential). Plasticity characteristics defined in the axial specimens also are not
sensitive to changes in the technical state of metal from different zones of operated bend. But
the characteristics of plasticity, defined on the tangential specimens confirmed the feasibility
of decommissioning of bend as reduction of area for metal from stretched zone of band is in 2
times lower than minimum acceptable value (27% and 55% respectively).

Evaluation of the metal state by the ratio of yield strength to tensile strength from
respective pipe zones confirmed that the metal of stretched zone of pipeline bends from TPP
does not satisfy the requirements of regulatory documents.

The rapid reduction in impact toughness of the specimens of both orientations from the
stretched zone of bend to a level, which does not satisfy the requirements for heat-resistant
steels, confirmed that characteristics of brittle fracture resistance are highly sensitive to
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changes in the technical state of the pipeline metal, demonstrate the difference in the state of
metal of different pipeline bend zones in particular.
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