MEXAHIKA 1 MATEPIA/IO3HABCTBO

Ha IOBEpXHI cTani xemocopOuiiiHoi miiBku. B mpucyrnocrti inri6iropa (0,8...2 r/m) omip
KOPO31MHO-BTOMHOMY PYWHYBaHHIO CTajll MiABUILYETHCS B cepeHbOMY B 3 — 4 pasu, mpu
L[bOMY 3MIHIOETBCSl XapaKTep KOPO31HHO-BTOMHOIO pyHHYBaHHs. AHalli3 MakpoppaKTorpam
MOKa3aB, 110 eKCTPAKT AYOOBOI CTPYKKHM BIUIMBAE HA MPOIEC 3apO/KEHHS BTOMHOI TPIIMHU:
y BOJIl 3apOJ/DKEHHS BiJ MOBEPXHI 3pa3ka BiAOyBalocs 3a MDK3EPHHM MEXaHI3MOM, a B
1Hri0oBaHOMY CEpeIOBUIIII — 3a OUIbII €eHEProeEMHUM Kpi3b3epHuM. Ha 3aBepiianbHOMY erTari
pyHHYBaHHS €HEPro€MHICTh IIpollecy B IHri0OBaHIM BOJI TEX BHILA, IPU LBOMY
CIIOCTEPIraloThCsl €JIEMEHTH, XapaKTepHI /I B’S3KOTO pPYyHMHYBaHHS Ha TOBITPI, a came,
KpYIJIl SIMKHU BiJJpUBY.

Conclusions. It was established that the efficiency of corrosion protection of steel in
water by oak chip extract grows with increasing of inhibitor concentration. The extract is a
mixed type action inhibitor which inhibited both electrode reactions by forming film on steel
surface chemisorptions. The corrosion fatigue resistance of steel in the presence of inhibitor
(0.8 — 2 g/]) is increased in average of 3 — 4 times and the mechanism of corrosion fatigue is
changed. The macrofractographic analysis showed that oak chip extract affects crack
initiation: it occurs by the intergranular mechanism from specimen surface in water and by the
more energy transgranular one in the inhibited environment. The energy of corrosion fatigue
under its final step of fracture is higher in inhibited environment than in water and the typical
elements of ductile fracture on air namely, round holes tearing, in particular are observed.
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Pezrome. Memooom  cxinuennux enemenmis (MCE) ompumano oOani npo KOHCMPYKIMUGHY
KOHYEHMPAYilo HAnpydicenb ma KOHYEHMPAyilo HANPYICEHb 3ANeCHO IO 2e0MEempUYHUX NapamMempis
00'emnoeo nosepxnesozo degexmy (OI1]) i micys 1i02o po3smauly8ants Ha NOBEPXHI PIGHONPOXIOHO20 MPIUHUKA
3i cmani 10. Ilposedeno yuxniuni ciopaeniuni eunpobyeanns mpitinuxka 3i wmyuno Hanecenumu OIIN], wo
iMimysanu  KOpO3IUHO-epO3iiHI  NOUKOOMCEeHHs.  ExcnepumenmanvbHo — 6CMAHOBIEHO  8IOMIHHOCMI  npu
CMAMU4HOMYy mMa YUKIYHOMY Oe@OpMYBAHHI Memany 6 XapaKmepHUux 30HAX MPIUHUKA, SKI 3VMOGIEHI
CmpyKmypHoro anizomponieio Oepopmayii memany. @axkmuune HUCIO YUKIIE 00 YMBOPEHHS HACKPIZHOL
mpiyunu 6 30Hi Oeghekmy 3a008IILHO Y32002CYEMbC 3  PE3YNbMAMAMU NPOSHO3Y 3 BUKOPUCHIAHHAM
EKCNePUMEHMANbHUX KPUBUX 6MOMU Memany MpIUHUKa, a makoxc i 3 pe3yibmamamu gpaxmoepadiunux
docnidicenn.

Knrouosi cnoea: mpitinux, 06'cmuuii nosepxmesuil oeexkm, Maioyukio8a 6mMoma, KOHYEHmMpayis
HanpysiceHb.

PetroYukhysmets, Oleksii Gopkalo, Olena Gopkalo

Low-cycle strength of damaged T-joint

Summary. Stress-strain state and low-fatigue strength of full-scale sample of T-joint with artificial
volumetric surface defects under hydraulic inner pressure loading as well as mechanical, cyclic and structural
features of material from its different zones have been investigated.

Using finite element method (FEM) data on structural stress concentration and stress concentration
caused by geometric parameters of the defect and its location on the surface of flush T-joint made from steel 10
were obtained.

The tensile and low-cycle tests of material were carried out. The difference in deformation of metal
from typical areas of T-joint under static and cyclic loading was established. It is caused by variant morphology
of the metal microstructure (structural anisotropy of deformation) in its specific areas that was formed during
manufacturing process of the T-joint. Differences of metal microstructure in characteristic areas of T-joint
resulted in strengthening and significant loss of the plasticity in one of the zones and corresponded reducing
(4..5 times) of the cyclic durability of this area relatively to other investigated areas.

Cyclic hydraulic test of T-joint with the artificial volumetric surface defects that simulated corrosion-
erosion damage was fulfilled. It was revealed that strain in the defect located along the coupling line of main
pipe and branch in the area of structural stress concentration under internal pressure is 2 — 3 times higher than
strain in defect with the same geometric parameters at the surface of straight pipe.

On the base of investigation of the defect fracture area the mechanism of crack propagation was
established. It includes not only formation of facets of brittle and quasibrittle transcrystallite fracture, but
regions of the fatigue grooves as well. Number of the groove steps corresponds to the number of cycles for
formation of through wall crack in the defect.

The failure number of cycles in the area of the defect is satisfactorily consistent with the predicted
results using experimental and calculated fatigue curves on the one hand, and results of fractography on the
other.

It was shown during assessment of the damaged T-joint mechanical properties of metal in its
characteristic areas, structural stress concentration and the concentration of stress caused by the presence of
defect must be taken into account.

Key words: T-joint, volumetric surface defect, low-cycle fatigue, stress concentration.

Beryn. Ilpu Bu3HayeHHI TOBIIMHHU CTIHKM TpifiHMKA TPYOOIIPOBOJY OCHOBHUM
CHWJIOBUM (DAaKTOPOM € BHYTPILIHIA TUCK MPOAYKTY, IO TpaHCHOPTYeThbes [1], mpu Aii sikoro
Hampy)XeHHs B MOTr0 OKpPeMHMX 30HaxX 3HAYHO IEPEBUILYIOTh HANpPYKEHHS y MpsAMid TpyOi
TaKOro 3 JllaMeTpa Ta TOBLIUHI CTIHKU. HanpyXeHHs B 30HaX KOHCTPYKTUBHOT KOHIIEHTpaI1i
Hanpy)XeHb TPITHUKA 3HAYHO MIIBUILIYIOTHCS NPU BUHUKHEHHI Ha Horo nosepxHi OILJ], mo
BHUKJIMKA€ TOTEHIIIMHY 3arpo3y MAaJOIHMKIOBOTO PYHHYBAaHHS, OCKUIBKM TpPYOOTIPOBOIU
3a3HAIOTh LMKJIIYHI HAaBAaHTA)XEHHsI B IMpolieci MepekadyyBaHHS NPOAyKTy [2]. ¥V 3B’s3Ky 3
3a3HA4Y€HUM, B JaHId poOoTi 3polbiieHa crpola po3paxyHKOBO-EKCIIEPUMEHTAIBHOTO
OIL[IHIOBaHHS IMKJIIYHOI MINHOCTI TpiiHMKAa 31 IITYyYHUMH JepeKkTaMu B 30HAX
KOHCTPYKTUBHOI KOHIEHTpalli HampyXeHb IO JIHII CHOJIydeHHS OCHOBHOI Tpyou 3
naTpyOKOM IpU HaBaHTa)KEHH1 OT0 HUKJITYHUM BHYTPILIHIM THCKOM.

Pesyabratn  pocaigxennss HJIAC tpiiinuka MCE. Poszpaxynkamu MCE
BCTQHOBJICHO, [0 MIJBULIEHHS MAaKCUMaJbHUX HAaNpyXeHb Yy O€3II0BHOMY TPIHHUKY
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B1I0yBa€eThCsl NMpHU 30UIBIIECHHI JllaMeTpa MaTpyOKka Ta 3MEHUICHHI SIK TOBIIMHHM OCTAaHHBOTO,
TaK 1 pajiyca CrojydeHHs Tpyou 3 marpyokom. HaiiOuibiie 3pocTanHs HAIPyXeHb BIAMIYEHO
IIPU OJJHOYACHOMY MPOTIOPLIMHOMY 3HM>KEHH1 TOBIIMHY CTIHKU TpYOH Ta narpyOka TpiiHHKa.
B sxocrti mpukianmy B Tabnuii 1 HaBeACHO MaH1 3aJ€KHOCTI KOe(IillieHTa KOHIEHTpAaIlii
Hanpyxenb (KKH) nns pisHux 30H TpiitHHKa Bif 1iaMeTpa narpyoka.

Tabumus 1
3anexnictb KKH Bin niamerpa narpyOka
P

TpiliHUK 3oHa 5 3oHna 2-3

(*R=50 MM B ycIX BUIIa/IKaX) Buytpinns 30BHIIIHSA 30BHIIIHSA

MOBEPXHS MOBEPXHS MIOBEPXHS
426x12-168x12 3,4 1,2 2,0
426x12-299x12 4,3 2,4 2,6
426x12-426x12 5,7 3,1 5,7

*R — padiyc cnonyuenns mpyou 3 nampyokom;,
** 0, — KKH eusnauaemocs sax o;"“/o/", oe ¢/" — inmencuenicmo nanpyosicenv y mpyoi
426x12.

MaxkcumanbHi HanpyxeHHs B nedekti (tabm. 2), po3TalloBaHOMY B 30HAX
KOHCTPYKTUBHOI KOHIIEHTpallil HapyXeHb TpiiHuKa 2— 3 T1a 5 (puc. 1), miABUILYIOTHCS 31
3pOCTaHHSAM JIOBXHHH Ta MMOMHU AePEKTy Ta IpH 3MEHIIeHH] ioro mupuHu. KonuenTparis
HalpyXeHb y nedexTax, po3TalioBaHUX Yy BKAa3aHWX 30HAX PIBHOMPOXITHOTO TpPIHHHUKA B
2,5...3,7 pa3a mepeBHUIllye BIAMOBIMHI 3HAYEHHS IS AE(EKTIB 3 THMHU X T'€OMETPUUYHUMU
napaMeTpamu y BUIAJKY iX po3TallyBaHHs Ha MpsAMIi TpyOl.

Taoanusa 2
3anexHictb HJIC Bin reomerpuunux napamerpis OIIJl npu aii BHYTpIIHBOTO
tucky P =1 MIla

Hedext, MM =
Tpiinuk | Hos- | u- | I'mu- | 3ona % I\/T{)’a (BZUCE) 05[2] 0o/
KUHA | puHa | OMHa =
— — — o 85,5 5,7 —
60 | 40 8 5 [ 2048 13,7 4,2 3,3
50 | 30 8 5 & [ 19,8 12,8 4,6 2,8
50 40 6 = | 151,6 10,1 3,0 3,4
50 | 40 8 R 169,1 11,3 3.8 3.0
~ — — — - 46,3 3.1
X 50 40 8 2 1649 11,0 3.8 2.9
S 50 30 8 = 193,9 13,0 4,6 2,8
N 60 40 8 § 183,8 12,3 4,2 2,9
§ 50 40 6 128,8 8,6 3,0 2.9
< — — — 84,6 5,7 —
40 50 8 = 158,7 10,6 3.8 2,8
50 0 8 5 3 E 167,3 11,2 3.8 2.9
50 30 8 g 172,6 11,6 4,6 2,5
40 30 8 » | 1703 11,4 4,1 2.8
40 50 6 136,8 9,2 2,5 3,7
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* 006aCUHA Dehexmy 6 30HI 5 BUSHAYAEMBCSL 1020 NPOMAICHICMIO 83008iC OY2U CHOTYYEHHS
mpyou 3 nampyoxom, 6 30Hi (2 — 3) — 6006dc oci mpyou,
** o, snauenns KKH e OI/ na npsmiii mpyo6i.

Pucynok 1. 3aranbuuii BUIISI TpiHAKAE 3
30BHIIIHIM IITYYHUM JIe(EKTOM (CTpiIKamMu
MIOKa3aHO HAIPSIMOK BUPI3KHU Ja00OPaTOPHUX 3pa3KiB
B JIOCITIDKYBaHUX 30HaX 1, 2, 3, 4, 5)

Figure 1. General view of the T-joint with outer
artificial defect (the arrows indicate the cutting
directions of the specimens in zones 1, 2 — 3, 4 and 5)

[Tposeneni po3paxynku MCE BIUITMBY pi3HHX CXeM 3aKpillJICHHS KiHIIIB TPIHHHUKA Ha
rioro HIAC mnokazanm, mo >KOPCTKE 3aKpilJICHHS OTHOTO i3 TOPIIB TpyOHW, sike Oyio
peari3oBaHO B JaHOMY €KCIIEPUMEHTi, 00yMOBIIIO€ TinBuIeHHs 10 10% HampyXeHb Uit 30H
5 ta 2 — 3 BiIHOCHO JI0 IHIIUX MOYIMBHX BapiaHTIB 3aKPIIICHHS.

MeTtoanka eKcnepUMeHTAJIBLHUX JOCTiIKeHb. B sSKOCTI HaTypHOTO 00’€KTa IS
SKCIIEPUMEHTATLHUX  JOCHDKEHh OyB  BHUKOPUCTAaHHWHA  PIBHONPOXIHHHA  TPIHHHK
0426x12 mm [3]. Jedexktn Ha AOCTIDKYBAHMX TMOBEPXHSAX TPIMHMKA HAHOCHIIH IIIJISTXOM
SJIIEKTPOXIMIYHOTO TpaBiicHHsA. DakTW4YHI TEOMETpHYHI TapaMeTpy HaHECCHUX Je(eKTiB
HaBe/ICHO B TaOmuIIi 3.

Taoauus 3
Posmipu nedektiB Ta MaKCHMaITbHI AeopMaltiii B HUX
Micie
posTamyBanHs | Jlopxwuna, | [lupuna, | [MHOHHA, | € maxx10" Bimax | g may (MCE)
nedexTy MM MM MM (excrepument) (I\ZI(OIE)'Simax {excmepumer)
3ona | [ToBepxus
BryTtpinHs 43 27 7,10 7,7 8,7 1,13
5
30BHIIITHS 35 55 8,70 4,0 7,1 1,78
2 — 3| 3oBHIIIHS 48 39 7,07 5,8 7,9 1,36

st excriepumenTtansHoro nociimpkenHs HJIC TpiliHHKa BUKOPUCTOBYBABCS METO/T
teHzometpii. TeH3opesucTopu 3 0a3010 BHUMIPIOBaHHSA 3 MM HAaKJICIOBAIM Ha ITOBEPXHIO
IITYYHOTO NeEKTy 3 ypaxyBaHHSIM HANPSIMKY MaKCUMAIIbHUX PO3PaXyHKOBUX HAIPYKECHb.

ExcniepumeHTanbHI TOCHIIKEHHS] MEXaHIYHUX BIACTUBOCTEH MeETaly OKPEMHX 30H
TpIHMKA MMPOBOJWIN BiIIOBIIHUMH BUIIPOOYBaHHIMH J1a00PAaTOPHUX 3pasKiB 3 po3MipaMu
pobouoi wactnan D8x28 mMm. Ciig 3a3HAYUTH, IO B TPOIECI BUTOTOBJICHHS TPIHHUKA,
NIUIIXOM BHTSTYBaHHS NaTpyOKa i3 TpyOW, TOBIIWHA CTIHKH TPYOW y marpyOky (3oHa 1)
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ckiazana 9,4 mm, a B 30H1 4 (npoTuiexHid natpyoky) — 13,7 mm. BunpoOyBanHs Ha po3Tar
Ta MaonukioBy Bromy (MIIB) mpoBomunu Ha enextporimpaBiiuiii mamuHi [{ukiiune
HaBaHTA)XCHHS 3pa3KiB 3M1MCHIOBANM 3rigHO 3 BuMoramu cranpaptie ISO 12106 — 2003 Ta
ASTM E 606 — 80 Ta MOXJIMBOCTSIM BUIPOOYBaIbHOI MAIIMHU 3 IOCTIAHOIO IIBUAKICTIO
nedopmyBanns 0,1%/cex [4, 5] Mo cuMETpUYHOMY TPUKYTHOMY OCHOBOMY (PO3TATY-CTHUCKY)
LUKy 1e(OpMyBaHHS 3 KOHTPOJIEM aMILTITYAu Jedopmalii (3KOpCTKE HaBaHTaKEHHS).

Mertanorpadiddi TOCHIKEHHS MIKPOCTPYKTYPH CTalli XapaKTepHUX 30H TpliHHKA
MpPOBOJWIM Ha ONTUYHOMY iHBeproBaHOMy  Mikpockoni «AXIOVERT-40 MAT».
BumiproBanHst MikpoTBepIOCTi npoBeaeHo Ha MikpoTBepaomipi [IMT-3 3rinno 3 I'OCTom
9450 — 76 npu HaBanTtaxkenHi 0,5 H. ®@paxrorpadiddi JoCHiPKEHHS NOBEPXHI pyHHYBaHHS
PO3KpPUTOi HACKPI3HOI TPIIIMHU MICIAS HATypHUX BUIPOOOBYBaHb TpiiiHMKA MPOBOJIWIM HA
MOJIEPHI30BAHOMY PACTPOBOMY €JIEKTpOHHOMY Mikpockori POM — 100V.

PesyibTaTn excnepuMeHTaJBLHUX JAocTdigxeHb. Ha puc. 2 HaBeneHi aiarpamu
po3TATY, a Ha pUC. 3 — JalarpaMu LUUKIIYHOTO JeOopMyBaHHS 3pa3KiB 3 XapaKTepHUX 30H
TpiiHUKA.
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Pucynok 3. JliarpaMu HUKIIYHOTO 1e)OpMYBaHHS

Pucynok 2. [liarpamu po3Tsiry 3pa3kiB MeTaiy, (mpu Np/2.) na(?opaTopHHx 3pasKiB MeTaiy
BHPI3aHIX {3 XapaKTEPHHX 30H TPiliHMKa XapaKTepHUX 30H TpiifHUKa MPH aMIUTITY i IUKIi9HOL
(1 — 5 30mu TpiliHuKa 1uB. puc. 1) nedopmarii 0,6%
(1 — 5 30Hu TpiiiHKKa, TUB. puc. 1)
Figure 2. Tensile tests diagrams of the specimens Figure 3. Cyclic deformation diagrams (Np/2) of
cut from specific zones of the T-joint (1..5 — T-joint specimens cut from specific zones of the T-joint at
zones, see Figure 1) cyclic strain amplitude 0.6%.

(1..5 — T-joint zones, see Figure 1)

[3 HaBeneHux pgiarpam BUIUIMBA€, L0 TEXHOJOTIYH1 (akTOpu, SKI MOB’s3aHI 3
BUTOTOBJICHHSIM TPIMHUKA 1, K HACIIIOK, OCOOIMBOCTSIMHU MIKPOCTPYKTYpH (III0 TOKAa3aHO
HUXK4€), CYTTEBO BIUIMBAIOTh HA XapakTep JiarpaM Ta aOCOJIIOTHI 3HAUEHHS XapaKTEPUCTHK
OMOpY CTATUYHOMY Ta LUKIIYHOMY Je(OpPMYBaHHIO MeTaly B MOro XapakTEepHHUX 30HaXx.
Jiarpama po3Tary 3paska MeTany 30HU 4 (IUISTHKA MPOTHIICKHA MATPyOKy TpIMHHKA) Mae
O3HAaKU CYTTE€BOTro 3MillHeHHs. Hanpukian, rpaHuis MIIHOCT1 MeTany 30HUA 4 mpuOIM3HO Ha
50% Buma, HDK A8 MeTaly 30HM 2 — 3 B HampsMKy 3, a yMOBHA I'paHULS TEKy4OCTi
BianoBinHO Buima npudiau3Ho Ha 80%. [lpu oMy BIZHOCHE BHIIOBXKEHHS 3pa3ka MeETaly
3ouu 4 Ha 50% wMmeHme, HOK Ui 3pa3kiB Merany 30HU 2 — 3 B HampsMKky 3. CyrTeBe
3MILIHEHHS Ta 3HIKEHHS
B 2 pa3u BUXIJHOI IJIACTUYHOCTI METally 30HU 4 B yMOBax IHUKIIYHOTO HAaBAHTAKECHHS 3
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HNOCTIHHOIO aMILUNTYA0K0 AeOpPMYBaHHSA &£, NPHU3BOAMTH 10 miaBHmieHHA Ha 30 — 50%
aMILTITy ¥ HapyXeHb o, (puc. 4) Ta 3HWKEHHA B 7 — 9 pa3iB HUKIIYHOI JOBrOBIYHOCTI Li€i
30HH BIIHOCHO HIIMX JOCIIKYyBaHUX 30H (puc. 5).

G, MIla €
550

ol AR ,
I € 4 S 0,01
450 \/ ’ & I
Lo S LOUUUUO OO S 3 e s C
2
3507 \_.é\ 1 4 \\
3

1

300 —
250
I 1E-3
200
1000 1000 N, muakr
N, ikt v
Pucynok 4. 3a1exXHiCTb IUKIIIYHOI JIOBFOBIYHOCTI Pucynok 5. 3a1eXHiCTb IUKIIIYHOI JIOBFOBIYHOCTI
3pa3KiB METaJly IOCIIPKEHUX 30H TPiHHMKA Bij 3pa3KiB MeTaJly TpiHHUKa Bifl aMILTITYH IPYXXHO-
aMILTITYIU HATIPyKEHb O, IIACTHYHOI Ieopmallii 3a KT &,
(1 — 5 30Hu TpiiiHuKa nuB. puc. 1) (1 — 5 30HuM TpiiiHuKa nuB. puc. 1)
Figure 4. Dependence of cyclic durability of the Figure 5. Dependence of cyclic durability of the
specimens from specific zones of the T-joint on specimens of T-joint metal on elastic-plastic
stress amplitude o, (1..5 —T-joint zones, see Fig.1) amplitude ¢ (1..5 — T-joint zones, see Fig.1)

KineTnka MakcuManapbHUX Ta MIHIMAIBHUX 3HAYCHb IUKIIYHUX HaNpYyKEeHb Ta
LIUKIIYHOI YMOBHOI I'paHUIl TEKYy4OCT1 NMPU LUKIIMHOMY JeopMyBaHHI 3pa3KiB MeTally B
KOPCTKOMY PpEXUMI HABAaHTAXKEHHS, BHUPI3aHUX 13 30HM 4, XapakTepHa i LUKIIYHO
3HEMILHEHUX CTajlel, a Ui PellTH JOCTI/DKEHUX 30H — JUI HUKIIYHO CTaOUIbHUX CTaJeH.

Mertanorpadiuai JOCHIIKEHHST MIKPOCTPYKTYPH MeTaly TpiHUKAa MNPOBOAMIU Y
xapakTepHux 30Hax — 1, 4 ta 5. Cxema BHUPI3KM 3aroTOBOK JyIsi MIKpouuIiiB 3 Tpyou
TpiiiHUKa (30HU 1 14) Ta TUNOBI AUISHKH MIKPOCTPYKTYPH METally TpiHHKA B ABOX B3aEMHO
MEPIEeHIUKYJIAPHUX CIUEHHAX Mpe/CTaBiIeH]1 Ha puc. 6. J[BOCTOPOHHIMU CTPUIKAMU MOKa3aHO
HanpsIMKU BUIIpoO6oByBaHb Ha MIIB.

MikpocTpyKTypa MeTally TpiiiHHKa B 30H1 | siBisie c00010 (pepUTHO-NEPIITHY CyMIll
31 cepuyHUM NEepiiToM Ta JpiOHOAMCIEPCHUMM KapOizaMu B 000X cideHHsX. Depur
XapaKTEPHU3YETHCS MOTIEIPUIHOI0 MOPQOJIOTIEIO 13 CepeaHiM pa3MipoM 3epHa ~ 12MKM mpu
3araibHId pi3HO3epeHHOCTI 4-25MKkM, sk y mno3foexkHbomy (II) (puc.6 B), Tak 1 B
nornepeyHoMy cideHHi (L) (puc. 6 6). MikpocTpyKTypa MeTally B 30H1 5 aHAJIOT14HA, TOJI K
B 30HI 4 3epHa (Qepury XapaKTepU3yIOTCS TEPEBAXHO HEMPABWIBHOK (POPMOIO B
no3foBxkHboMy ciueHHl (II) (puc. 6 r) Ta BHUPaXKEHOIO CTPYKTYPHOIO aHI30TPOIIEI0
nedopmartii B TIOTIEPEYHOMY ClueHH1
(L) (puc. 6 n).
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Pucynok 6. a — 1. MikpOCTpyKTypa MeTary
TpiliHMKa B 30Hax lTa 4

Figure 6. a — 1. Microstructure of the T-joint
metal in zones 1 and 4

Sk y 30H1 1, Tak 1 B 30H1 4 CHOCTEPIralOTbCsl MIKPOTPIIMIMHM, OPIEH-TOBAHI
napajenbHO 30BHIIIHIN MOBEPXHI TOCIIPKYBaHUX 30H. [lpy nbomy iX KUIBKICTH Ta CepeqHs
JOBXXUHA TIepe-BaKa€ B CIYEHHSX 30HHU 4.

B ciueHHi 30HM 5 MIKpPOTPIILIMHUA OPIEHTOBAHI mix KyroM 15 — 20° 10 30BHIIIHBOT
noBepxHi. IlpoBeneni MeranorpadiyHi JOCHIIKEHHS JIO3BOJIJIA  BCTAaHOBUTH, IO
BIIMIHHOCT1 MEXaHIYHMX BJIACTUBOCTEW MeTaly TpiHMKA B PI3HUX 30HAX, NPU CTATUUHOMY
Ta UUKJITYHOMY HAaBaHTAXEHHSX, 3yMOBJIEHI CTPYKTYPHOIO aHI30TPOIIIEI0 AedopMallii MeTany
30HU 4 (IPOTHIIEKHOT NATPYOKy TpiiHMKA) Ta OUIbII BUCOKUMU 3HAYEHHSIMHU MIKPOTBEPOCTI
B I1if 30H1 BIJHOCHO 30HM | maTtpyOka. MikpoTBepaicTh (peputTy B 30HI | KOJIMBa€eThCA Y
mexax HVy o5~ 100-120 Kre/Mm> npu cepeanboMy 3HaueHH1 HV g5~ 107 KFC/MMZ, a B 30HI
4 —HVjo5~172-198 Kre/MM° pu cepenuboMy 3HadeHH1 HV s~ 176 Kre/MM-.

[{ukniyHe HaBaHTAXXEHHS TEPMETU30BAHOTO HATYpPHOIO  3pa3ka  TpiliHHKA
3M1ACHIOBAJIU MYJIHCYIOYHM BHYTPIIIHIM THCKOM Boau 0,2 — 7,0 MIla 3 wactororo 4-5 1ukiiiB
3a XBWIMHY. Po3repMerusallisi HaTypHOro 3pa3ka BiiOynacs micis HampairoBaHHs 3060
LUKJIIB y Pe3yJabTaTi YTBOPEHHsI HACKPI3HOI TPIUIMHU B 30HI 5 (puc. 7 a — 0), micias 4oro
BUNPOOYBaHHS OyJIM MPUIHHEHI.

Jna  ¢pakrorpadiyHUX IOCHKEHb MOBEPXHI TPILIMHU 13 30HU 5 BHUpPI3yBaIH
¢bparMeHT MeTany 3 TpILMHOK (pUC. 7 B), AKY PO3KPWIM IPU TeMIEpaTypl CKparuieHOTro
azoty. ®pakrtorpadiuHuil aHali3 TOBEpXHI pyHHYBaHHS BHYTpimIHbOro nedekry (s)
[I0Ka3aB, L0 B Ipolieci BUIPOOyBaHb B 30H1 5 3 BHYTPIIIHHOT0 OOKY BHYTPILIHBOI CTOPOHU
TpyOH TpiiiHMKaA 3apojauiacsi OararoocepeikoBa TpillMHA, SKa Yy LEHTPAIbHIA 4YacTUHI
nedeKkTy mpopociia B HACKPI3HY MarictpaibHy (puc. 8 a). EJIeKTpOHHO-MIKPOCKOTIIYHUMU
JNOCHPKEHHSIMA BCTAHOBUJIM MIKPOMEXaHI3MU POCTY MariCTpalbHOi TPILHMHU B Mexkax
BUpI3aHOTO (parMeHTy Temiuviera. Ha MikpopiBHI mopsa 3 (aceTkaMu KpUXKOro Ta,
YaCTKOBO, KBA3IKPUXKOTO TPAHCKPUCTAIITHOIO PYWHYBaHHS MalOTh MIClle AUISHKH BTOMHUX

O0opo3eHok. BcranoBieHno, mo (akTHYHI 3HAYEHHsS KPOKY OOpo3eHOK ckimanawtsh (1,5 —
1,8) x 10™ mm (puc. 8 6).
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Pucynok 7 a — r. YTBOpEHHS HACKPI3HOI TPIIIMHM B 30Hi 5 (3 BHyTpimHIM AepekroM Jls) HaTypHOro 3pa3ka
(B — BHJ 3 BHYTPIIIHBOr0 OOKY TpiifHUMKA BHpi3aHOro (parMeHTy Merany (temiuier) 3 nedexrom s ta
TPILMHOIO B HHOMY; T — NAHOpaMHe 300paKeHHsI MPO(QiIto TPILMHYU Ha TTOBEPXHi JAe(EKTY;

O — TeXHOJIOTIYHU OTBIp [UIsl BUJIYYEHHS TEMILIETa 3 TPIHHHIKA)

Figure 7 a — r. Formation of wall through crack in zone 5 (inner defect /15) of full scale specimen
(B — view of fragment with defect and the crack; O — place of fragment cutting)

SIKIIO MPUAHATH, 10 KPOK OOPO3EHOK CHIBIAAA€E 3 MAKPOIIBUIKICTIO POCTY BTOMHOT
TPIIMHA TPU MPOBEICHUX HATYPHHUX BUIPOOYBaHHSIX [8], TO BCTAHOBJICHOMY KpPOKY
OOpO3CHOK Yy MeXax JJOCHDKYBaHOI TIMOWHW TpIOUHU Bigmosimae 2667...3125 gucio
IIUKJIIB JIO YTBOPEHHS HACKPI3HOI TPIIUHY y 30H1 AeeKTy (30Ha 5) HATYpPHOTO 3pa3Ka.

| 30BHILLHS NOBEPXHS TPYOW B 30HI 5 |

Pucynok 8. Makpodpakrorpama noBepxHi po3KpuTol TPIlHHU (IIYHKTUPHA JIHIsI — MexKa PppoHTY
MaricTpajgbHOl TpillIMHK) (2); TUIIOBA MiKpo(dpaKkTorpamMma pyiHyBaHHS
(cTpinka — HAPSIMOK pyXy TpimmHK) (0)

Figure 8. Formation of wall through crack in zone 5 ( inner defect D5) of full scale specimen ( b — view of
fragment with defect and the crack; O — place of fragment cutting)

Amnaniz pe3yabtartiB. CHiBCTaBJICHHS pPE3y/lIbTaTiB BUMIPIOBAHHS Ta PO3pPaXyHKY
nedopMamii B Jgedexrax IMoKaszajo, IO PO3paxyHKOBI jgedopmariii TmepeBHINYBAIH
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eKCIIepUMEHTaJIbH1 BETMYMHU B AedekTax 30H 2 — 3 Tta 5 (BcepeauHi Ta 30BHi) — B 1,13 1,36
ta 1,78 pa3a, BianoBigHo (AuB. Tabiu. 3). BITMIHHOCTI MDK PO3paxyHKOBHUMH Ta BUMIPSHUMU
BEJIMYMHAMU € HMOBIPHO, HACIIIKOM PI3HOTOBIIMHHOCTI TpiiHMKA, sIKa HE BpaxoByBajacs
pH Mo0yA0B1 FEOMETPUYHOT MOJIEI.

VY Bumaaky pos3TaulyBaHHA JA€QEKTy Ha TOBEPXH1 MpsAMOI TPyOM KOHILIEHTpallis
HaIpYXXeHb Ogr, BA3HAYAETHCS 32 HAMIBEMIIUPIYHOO 3aJIEKHICTIO 7]

221220482 40138232220 )
a, =141+ ¢ c ¢ h o fi4

1-2a-075%) 32
h c

ne b, ¢, d — po3mip HaIBOCEH eincoina, Mo 0XOIUTIE AePEKT 30BHI;
h — TOBIIIMHA CTIHKH.
A — yHK1IS, IKa BpaXOBY€E KPUBU3HY TOBEPXHI,

2
C
22 =S mea- w2,
rh

ne r — paziyc Tpyou;
1 — xoedirient [lyaccona.

KoHuenTpauis HanpyxeHb y AeekTax 3 BIANOBIAHMMM PO3MIpaMU Ha MOBEPXHI
Tpyou J426x12 BuABHIIACS CYTTEBO HI)KUE EKCIIEPUMEHTAIBHUX Oge (B 2,2..2,9 paza), Tak i
po3paxyHKOBUX Ogmvce 3HaueHb KKH y nedexkrax Ha moBepxHi TpiiiHuka. Koediuientu
KOHLIEHTpaLlli HAaPYXeHb Oge, OTPUMaHI €KCIEPUMEHTAJIBHO, B YCIX BMIIaJKaX BUSBUIIUCS
HIOKYUMHU, HBK po3paxoBani MCE.

Tabanus 4
KoHuenTpauis HanpyxeHb y aedexrax
Micue

po3TanryBaHHs . ¥ Oy e _ |Gy | %of2
HC(bCKTy Oor |Oce |ClGMCE a,, Oox | Qox2 Of = O 1'0Ocx  |Of2 = Oor’ Qok2 a.. e

3onal|lloBepxHs
5 | Buyrp. |4,1|11,8 13,4 |29 | 5,7 | 3,4 234 13,9 2,0 | 1,2
5 3oBH. [2,8/6,2| 10,9 | 2,2 | 3,1 8,7 9,5 4] 15
2-3 | 3oBH. |3,4|89| 12,2 2,6 | 5,7 19.4 11,6 22| 1,3

* — giOHOCHO THmMeHcueHOCmI Oeghopmayitl y npamit mpyoi 426x12;
** Qo — KOCDIYIEHM KOHCMPYKIMUBHOI KOHYEHMpPayii Hanpysicensb (0us. maon. 4);
*EX Olgro — KOCDIYIEHM KOHCMPYKMUBHOL KOHYEHMPAayii HanpysiceHs 32i0no 3 [§8].

3nauenHs noBHoro KKH y nedexri TpiitHuka of, BuzHaueHoro sk poo6yroxk KKH y
npsmii - Tpy61 O Ta koHcTpykTMBHOro KKH y Ttpiiinuky (MCE), nepeBulytoTh
excriepuMentanbHi 3HaueHHss KKH y medexrax B 1,4...2,2 pasa. Bomnouac, BenuumHa

noBHoro KKH ay,, Bu3nauenoro 3 pukopuctanasm KoHCTpyKTuBHOTO KKH 04y 3rigHO 3 [8],
Mae OMK4y BIANOBIIHICTE 3 eKkcrepuMmeHTanbHUMHU 3HadeHHsMH KKH (mepeBuinenHs

ckianae 1,2..1,5 paza). Ciix 3a3HauuTH, 110 IPU PO3PAXYHKY Olpy BEIMUMHA KOHCTPYKTUBHOTO
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KKH Bcix mpeacTtaBiaeHUX BUMAKaX MpHiiManacs B 3amac MIHOCTI, mo gopiBHoBama KKH
Ha BHYTPIILIHIA OBEPXHI 30HU 5.

3 BHUKOPUCTaHHSIM OTPUMAHUX EKCHEPUMEHTaJIbHUX JaHUX OYyJI0 BHUKOHAHO
OIIHIOBAaHHS BIUIMBY HAHECEHWX Ne(EKTIB Ha JOBrOBIYHICTH HATYPHOTO 3pa3Ka TpIHHUKA.
Po3paxyHok amMmimiTyau MakcumalibHOi Jedopmanii y JedekTi NpoBOJUBCS Ha OCHOBI
MaKCUMAaJIbHUX €KCHEepUMEHTaIbHuX Aedopmariii (BuzHaueHux teHsomerpiero) ta KKH B
NpYXHIM 006J1aCT1 HABaHTAXXEHHS, @ TAKOXK MEXAHIUHUX XapaKTEPUCTHUK Y BIIMOBIIHUX 30HAX
TpIMHUKA 3 BUKOPHUCTAHHSIM IHTEPIOJSALIMHOIO CHIBBIJHOLIEHHS ISl KOe(pilieHTa Mpy»XKHO-
I1acTUYHUX Aegopmartiii [9].

Hem
C{0' O-n
K@ - n(1-m) i
M) 51
— ) (1+m) [] [G” AGH
OCG 'O'n

1€ o, — BiAHOCHI HOMIHAIbHI HAPYKEHHS B IIUKJII HABAHTAXKCHHSI

- Ao,
Gn — mn ;
Gy

n — MocTiitHa Martepiainy, n = 0,5;
m — Koe(iLieHT 3MIHEHHSI MaTepialy B PYXKHO-IUIACTUYHIN 001acTi.

Ha puc.9 HaBeneni po3paxyHKoBl, 3riiHO 3 piBHsSHHsAM Jlanrepa [10], Ta
eKCIEPUMEHTAaJIbHI KpUB1 BTOMH METally XapaKTepHUX 30H TPIHHUKA, 3 BUKOPUCTAHHIM SKHX
0yJI0 BUKOHAHO OI[IHIOBAHHS BILIUBY J€(EKTIB Ha JOBTOBIYHICTh HATYPHOT'O 3pa3Ka.

L AEEES (0] =
Asgewr } g

M. Wsin

Pucynok 9. 3aexHICTh IIMKJIIYHOT TOBIOBIYHOCTI 3pa3KiB METaIy JOCIHIPKEHUX 30H TPiHHUKA BiJl aMILTITYI
HPYXHO-ITACTUYHOI Aepopmanii 3a UK € , . EkcriepuMeHTabHi (IITpUX IyHKTHPHI JiHii) Ta po3paxyHKOBi

(cymuunbHi JiHiT) KpuBi BTOMU. JIiHISIMH Y BUTJISIII TOYOK TOMIYEHO PiBEHh MaKCHMATBHUX
nedopmariii y nedexri

Figure 9. Dependence of fatigue strength of specimens from specific zones of the T-joint on elastic-plastic strain
amplitude ¢ . Experimental (dash-dot lines) and calculated (continuous lines) fatigue curves. Dotted lines —

maximal strain in defect

ExcriepumenTanbHi KpuBI BTOMHU MOOYIOBaHI 3a pe3ylbTaTaMy BHUIPOOYyBaHb Ha
MIIB naGopatopHux 3pa3kiB. Po3paxyHOK IUKJIIYHOI JOBrOBIYHOCTI NMPOBOJAWIM 3TIAHO 3
piBHsiHHSM [ 10]
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4eNy | o,

Ie €, — aMIuTiTy1a aedopmariii B UK HABAaHTAKEHHS,
¥ — BIAHOCHE 3BY)KEHHSI IIUUKU [IPU pyHHYBaHHI;

e; — nedopmarris TpaHMIll TEKYy4OCTI;

N uueno uuknie 1o pyHHYBaHHS;

01 — MeKa BTOMH Marepiaiy;

0 — TPaHMIIS TEKY4OCTI;

ey —IHTEHCUBHICTH Je(opMaliii BiANOB1IHA TPAHUL[l TEKY4YOCTI;

1 — NOKa3HUK cTeneni, n = 0.5.

@dakTUYHE YHUCIIO IMKIIB 0 YTBOPEHHS HACKPI3HOI TPIMHHU Yy 30HI 5 aedexTy
Tpilinuka — Ny, = 3060 3a10BUIBHO Y3rOJUKYETHCH, K 3 pe3ylbTaTaMu IPOrHo3y Ny, = 4400
LUUKJIIB 13 BUKOPUCTAHHSM EKCIIEPUMEHTAJIbHOI KPUBOI BTOMHU (JIUB. pucC. 9 — HaKomuyeHe
NOWKOUKEHHA d = Np/Ngy, = 0,70), Tak 1 3 pesynbratamu (ppakTorpapiuHux AOCITIIKEHD,
3riIHO 3 SKMMH BCTAHOBIEHOMY KpOKy 6oposenok (1,5 — 1,8)x 107 mm (y Mexax
JOCIIKYBaHOT TIMOWHU HACKPI3HOI TpIMMHU) Bimmosimae 2667...3125 uucio UHKITIB
HABaHTAXCHHSL.

BucnoBku. ExcriepuMeHTaqbHO BCTAaHOBJICHO, 10 jAedopMarrii, sKi BUHUKIUA Y
neQexTi, pOo3TallOBAaHOMY B 30HaX KOHCTPYKTHMBHOI KOHLEHTpaLli HampyXeHb MO JIHIT
CIIOJIy4eHHsI aTpyOKa Ta OCHOBHOI TpyOH, MiJ] A1€10 BHYTPIIIHBOTO TUCKY B 2 — 3 pa3u BHUIII1
3a aHaloriuHi gedopmanii B AedexTax 3 TaKUMU K TEOMETPUUYHMMH IapaMeTpamMHu Ha
MOBEPXHI1 MPSAMOi TPyOu.

BcranoBneHO cyTTeB1 BIAMIHHOCTI OMOPY PI3HUX 30H TpIiHMKAa CTaTUYHOMY Ta
LUUKJIIYHOMY HaBaHTAKEHHIO. 3MILIHEHHS Ta BTpaTa IIpH LIbOMY BUX1HOT IUIACTUYHOCTI OJIH1€T
3 30H TPIMHUKA 3yMOBUJIM 3HIKCHHS 11 IIMKIITYHOT JOBIOBIYHOCTI B 4, 5 pasa BIAHOCHO IHIIKX
JOCIIIKEHUX 30H.

BinMiHHOCTI MeXaHIYHMX BJIACTUBOCTEH MeTally TpiMHHMKa B PI3HHUX 30HAX, NpHU
CTaTUYHOMY Ta I[MKIIYHOMY HABAaHTAKECHHSIX, 3yYMOBJICHI PI3HOI  MOP(]OJIOTi€ero
MIKpOCTPYKTYpH MeTaily, sika copMmyBajliacsi B HpOLEC] TEXHOJOTIYHUX OCOOIMBOCTEN
BUTOTOBJICHHS TPIHHUKA.

Yucno uMkiiB 10 pyHHYBaHHS B 30HI Je(eKTy HATYpHOro 3pa3Ka 3aJOBUILHO
Y3rOJDKYIOTbCSL 3 OLIHKOIO MOrO JIOBrOBIYHOCTI, IO 0a3y€ThCsl HA €KCIIEPUMEHTAbHUX, Y
TOMY 4MCil GI3UYHUX Ta PO3paxyHKOBUX nociaipkeHHsx HJIC.

[Ipu ominroBaHH1 MinHOCTI TpiiHuKa 3 OIIJ[ HeoOxinHO BpaxoByBaTH MeXaHIUHI
BJIACTHBOCTI METAJy B Or0 XapakTepHUX 30HaX, KOHCTPYKTUBHY KOHIIEHTPAI[II0 HANPYXEHb
Ta KOHIEHTPALII0 HAlIPY>KEHb B1Jl CaMOTO A€(EKTY.

Conclusions. It was experimentally established that strain in the defect located along
the coupling line of main pipe and branch of T-joint in the area of structural stress
concentration under internal pressure is 2 - 3 times higher than strain in defect with the same
geometric parameters at the surface of straight pipe.

The difference in deformation of metal from typical areas of T-joint under static and
cyclic loading is the result of strengthening and significant loss of the plasticity of one of the
T-joint area (located opposite to branch) that resulted in reducing (4..5 times) of the cyclic
durability of this area relatively to other investigated areas.
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Main reason of the phenomenon of different deformation of metal from typical areas
of T-joint under static and cyclic loading is variant morphology of the metal microstructure in
its specific areas that was formed during manufacturing process.

The actual failure number of cycles of the full-scale specimen with defect
satisfactorily corresponds the predicted results based on experimental and calculated data of
stress-strain investigations.

During assessment of the damaged T-joint mechanical properties of the metal in its
characteristic area, structural stress concentration and the concentration of stress caused by the
defect presence must be taken into account.
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Dizuxo-mexaniunuu incmumym im. 1. B. Kapnenka HAH Yxpainu

OCOBJIMBOCTI PYITHYBAHHS IOMNEPEJHbO HATIPYKEHOI
APMATYPH 3A HABOJHIOBAHHS Y MOJAEJBLHOMY POBOUOMY
CEPEJOBHILI

Pezrome. [[ocnioxceno ocobausocmi pyuHySaHHs NepiimHOi cmaji Pi3HUX emanie npoyecy XOI0OH020
BOJIOUIHHSL GKIIOYHO 3 GUXIOHUM CMAHOM MA KiHYeBUM KOMEPYIHUM NPOOYKMOM (NONEpeoHbo HANpYIICeHUM
Opomom) Ha nosimpi ma 3a HABOOHIOBAHHSL Y MOOebHOMY pobouomy cepedosuwi pH 12,5, IThacmuunicmes cmani
nIOBULYEMbCSL 31 CMYNEHEM XONOOH020 BONOYIHHS, WO NOSICHIOIOMb NOCTYNOGUM NEPEOPIEHMYBANHAM NePIIMHUX
KOJIOHIU Y HANpSIME 60JIOYIHHA, 4 HA OCMAHHIX emanax 3HUNCYeMbCsl. 3a HAOOHIOBAHHSL OMPUMAHO CIAOLILHO HU3bKI
BHAYEHHs. GIOHOCHO20 38YICEHHS, WO CEIOYUMb NPO GUCOKY YYMUIIUGICIb OO0CHONCY8AHOL CMATL 00 600HE6020
OKPUXYEHHsL, SIKe MAKOIHC NPOSBUIOCS Y MHOJICUHHOMY MIKPOPO3MPICKYBaHHI Ol nosepXxoub pyuHysanHs. Bmpama
NAACMUYHOCIE CIMALE 6HACTIOOK GIIUEY BOOHIO MEHUIA Y 8UNAOKY KOMEPYIUHOZ0 GUCOKOMIYHO20 OPONY NOPIGHSHO 3
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