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EKCHEPUMEHTAJIBHE OIIIHIOBAHHSI MEXAHIYHUX
BJIACTUBOCTEM METAJIY TPYBOIIPOBOJY 31 CTAJI 17T1C-Y
MICJISI TPUBAJIOI EKCIITYATAIIT

Pe3tome. Hasedeno pesynvmamu eKcnepumMeHmanbHo20 GUSHAYEHHS XApPAKMepUcmuK KOpOMKOYACHOT
cmamuyHoi MiyHocmi ma NAACMUYHOCI  Memany mpyoonposody 3 NO3008HCHIM 3A800CLKUM 36APHUM UBOM.
Bcmanosneno, wo xapaxmepucmuku miynocmi ma niacmudHOCmi 0CHO8HO20 Memany mpybonpogody ma Memany
38APHO20 WBA 3ANIEAHCAMb GI0 HANPAMKY NPOKAMY ma Gopmu 1a60pamopHux 3paskie. Busnavenns xapaxmepucmux
Miynocmi  memany — mpyOOnpo8oOy  HEpYUHIGHUM MEmOOOM  [HCMPYMEHMOBAHO20  IHOEHMY8AHHA — 00Ope
V320004CYIOMbCAL 3 OAHUMU MEXAHIYHUX BUNPODOYBAHD.

Knrouoei cnoga: cpanuys miynocmi, ymMo8HA 2paHuys MeKy4ocmi, GIOHOCHe NOOO0BICEHHS, BIOHOCHE
38VIHCEHHSA, THCMPYMEHMOBAHE THOEHMYBANHSL.

O.P. Gopkalol, P. Yuchsmetz’, O. Bernatskyz, O.E. Gopkalol,
0. Katok', R. Dmitriyenko’

EXPERIMENTAL EVALUATION OF MECHANICAL PROPERTIES OF
THE METAL OF PIPELINE OF STEEL 17G1S-U AFTER LONG-TERM
OPERATION

The summary. The results are presented for the experimental determination of the short-term static
strength and ductility of the metal in the longitudinal and transverse directions of the pipe of steel 17G1S-U with a
factory-made longitudinal welded joint after a long operation. Specimen blanks were cut out of a piece of the pipe of
530 x 8 mm in diameter. The mechanical properties of the base metal (BM) and the metal in the specific areas of the
welded joint: weld metal (WM) and the metal of the heat-affected zone (HAZ) were determined in the transverse
direction of the pipe. The mechanical properties of the BM and WM were determined in the longitudinal direction of
the pipe. The strength and plasticity characteristics of the pipe metal were determined by conventional tensile testing
of laboratory specimens and a nondestructive instrumented indentation technique.

For conventional tensile tests, flat specimens (with a treated and untreated test portion), both full-sized
cylindrical specimens and those with a shortened test portion (for weld zones) were used. The strength
characteristics of the BM were determined by a nondestructive instrumented indentation technique, whereas the
strength of the specific areas of the welded joint was determined under static and cyclic loading conditions using a
ball indenter of D = 2.5 mm.

It is found that the mechanical treatment of both surfaces of the flat specimen of the BM increases the
ultimate strength by 4.8%, the offset yield stress by 7.6% and the reduction of area by 16% as compared to the
specimen with an untreated surface. The machining of the external or internal surface of the flat specimen increases
the ultimate strength only by 1.2% as compared to that with an untreated surface. Tensile tests of specimens with a
treated surface (flat and cylindrical specimens) of the BM and WM give a higher ultimate strength (by 6.3-7.6%) as
compared to the similar data obtained for flat specimens having the BM without surface treatment, regardless of the
rolling direction.
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The data obtained in testing of cylindrical specimens cut out in the transverse direction of the pipe and
having a shortened test portion for the BM and WM exhibit higher ultimate strength and offset yield stress (by
5.46% and 2.86% and 8.7% and 9.05%) and lower reduction of area by 11.42% and 14.42% as compared to the
corresponding characteristics obtained for full-sized cylindrical specimens in the longitudinal direction of the pipe.

The determination of the strength characteristics of the pipeline metal by a nondestructive instrumented
indentation technique agrees well with the data of conventional mechanical tests.

Key words: ultimate tensile strength, yield tensile strength, unit elongation, reduction of area, indentation.

Beryn. ExcriepTHe OIIHIOBaHHS TEXHIYHOTO CTaHy JiIOYUX TPyOONPOBOMIB IMiCHs
TPUBAJIOi eKCIUTyaTalii TpPOBOJASATH 3a IEBHUMH METOJIUKAMH, $Ki MICTATh BHU3HAUCHHS
XapaKTEPUCTUK KOPOTKOYACHOI CTATUYHOI MIIHOCTI Ta TUIACTUYHOCTI Matepiany. Ha 3HadeHHs
BKA3aHUX XapaKTepUCTUK BIUIMBAIOTh TEXHOJOIIYHI (BUTOTOBIEHHA TPYyOM ¥ MOHTax
TpyOOINpPOBOY) Ta EKCIUTyaTalliiHi (HasBHICTH 1 TPUBATICTh CTATMYHOTO Ta MYJIbCYIOYOTO
BHYTPIIIHBOIO THUCKY TPAaHCIOPTOBAHOIO TMPOAYKTY, MPOCAJKU IPYHTIB, arpecUBHOIO
CepeoBHINA, TEMIIEpATypH, TMHAMIYHIX HAaBAaHTaKEHb BiJl 00JalHAHHS Ta 1H.) GaKTOPH.

Jlnist MaricTpaibHUX TPYOOIIPOBOIiB BCTAHOBJICHO, 10 y 0araThOX BUMAKaX PyWHYBAaHHS
MeTay TpyO BiOysOCs 1M03a CTPYKTYpHO-T€TEPOTEHHOI 30HOI0 Y HAIPSIMKY TBipHOI TpyOu Ha
BigcTani 0-20 MM Bij JiHIT CIUIaBJICHHS MO3J0BXKHBOTO 3BapHOTO IIBA TPYO, BUKOHAHOTO B
3aBOJICBKUX yMoBax [1].

Y nanii  poOOTI MPOBENEHO EKCIEPUMEHTAJbHE BU3HAUEHHS XapaKTEPUCTHK
KOPOTKOYAaCHOI CTaTMYHOI MIIIHOCTI Ta IUIACTUYHOCTI OCHOBHOIO METaly Ta MeTaly 3
XapaKTepHUX 30H 3BAPHOTO 3’€JHAHHS MaricTpajibHOro TpydompoBoay 3i crami 17'1C-Y micns
TPUBAJIOi eKCIuTyaTalii. XapakTepUCTUKH MILHOCTI Ta IJIACTUYHOCTI MeTally TpyOOIpOBOILY
BU3HAYaJIM BUIPOOYBaHHAM JIAOOPAaTOPHUX 3pa3KiB Ha PO3TAT Ta HEPYWHIBHUM METOJOM
IHCTPYMEHTOBAHOTO 1HACHTYBaHHSI.

JlaGopaTopHi 3pa3ku Ta MeTOAUKH BUNPOOYBaHb. 3aTOTOBKH ISl 3pa3KiB BHPI3yBaIU
SK y TIOTIEPEYHOMY, TaK 1 MO3A0BKHBOMY HampsiMKax ¢parmenta Tpyon 530 x 8 Mm, ska Mae
NOB3/IOBXKHIA 3aBOJCHKHI 3BapHMH IIOB. Y TMOMNEPEYHOMY HANPSMKY TpyOHM BH3HAYAIA
MEXaHIuHI BJIACTUBOCTI OcCHOBHOro Mmetany (OM) Ta Meranmy XapakTepHHX 30H 3BapHOIO
3’eqHaHHs: MeTan 3BapHoro mBa (MII) Ta meranmy 3oHm TepMmiyHoro BBy (3TB). ¥V
IIOB3/I0B)KHbOMY HampsMKy TpyOM Bu3Hadaiau MexaHiuHi BiactuBocti OM ta MIUI. Hepoboui
(3axBaTHI YaCTHHM 3pa3Ka) AUISHKH 3aroTOBOK 3pa3kiB i3 OM Ta 31 3BapHUM 3’€JIHAHHSM,
BUpi3aHi Yy TONEPEYHOMY HANpPSAMKY TpyOW, BUOPAMISUIA Il JAOTPUMAHHS CIiBBICHOCTI
3aXBaTHUX Ta poOOYMX dYacTUH 3pa3ka. Ha puc. 1 HaBeneHO KpeclneHHs 3pas3KiB IS
BUTIIPOOYBaHb HA PO3TAT Ta iX 30BHILIHIM BUTIIS MiCIISI BATOTOBIICHHS.
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Pucynok 1. KpeciieHHs Ta 30BHIIIHIM BUTJISA 3pa3KiB s BUPOOYBaHb Ha PO3TAT: @) 3pa30K 3 00poOKOr0
MOBepXHi po00Y0i yacTUHH; 6) 3pa3ok i3 OM 0e3 00poOKH NOBEpXHI poOOYOT YACTHHH; 6) 3pa30K 31 3BapHUM
3’€THAHHSM (3 ITO3/I0BXKHIM 3aBOACHKUM LIBOM) 0€3 3HSTTS MiJACUIICHHS 111Ba; 2) TOBHOMIPHHUN LIWIIIHAPUIHUN

3pa3’oK; 0) NWIIHAPUIHUHN 3Pa30K i3 BKOPOUCHOI POOOUOI0 YACTHHOIO
Figure 1. Schematic drawing and appearance of specimens for tensile tests: a) specimen with a treated surface of
the test portion, b) specimen with the BM without surface treatment of the test portion, ¢) specimen with a welded
joint (having a longitudinal factory-made weld) without removal of the weld reinforcement, d) full-sized
cylindrical specimen, and e) cylindrical specimen with a shortened test portion

OcHOBHI po3MipH 3pa3KiB i BUNPOOyBaHb HA po3TAT Biamosimamu Bumoram ['OCTy
1497-84 [2] (mna mmockux 3paskiB), cranaapty API SPECIFICATION 5L [3] (mns
HWITIHIPUYHUX 3pa3KiB) Ta MOXKIIMBOCTSAM BUIIPOOYBalbHOI MAaIIMHU Ta TeH30MeTpiB. [lmocki
3pasku 3 OM Ta 3pa3ku 31 3BapHUM 3’€JIHAHHSIM BHUTOTOBIISUIM SIK 3 MEXaHIYHOI OOpPOOKOIO
noBepxHi poboyoi yacTuHu (puc. la), Tak 1 y BUXigHOMYy cTaHi (6e3 06poOku moBepxHi pobodoi
YacTHHHU 3pa3ka, puc. 16, ). Kpim Toro, miocki 3pa3ku BUpi3aHi y MONEPEYHOMY HAMPSAMKY
Tpyou i3 OM BurOoTOBIsUTM 0€3 00pOoOKHM pPOoOOYOi YacTHHH, 3 OOpPOOKOI0 000X MOBEPXOHD
pobouoi yacThHM 1 OOpOOKOIO 30BHIMHBOI a00 BHYTPINIHBOI MOBEPXHI (BIJHOCHO TPYyOH
TpyOonpoBoy). BumpoOyBanHs mmockux 3paskiB i3 OM Ta 31 3BapHUM 3 €IHAHHAM i3
00po0ICHOI0O Ta HEOOPOOJIEHOI0 POOOUYOI0 IMOBEPXHEI0 JIa€ MOXKIIMBICTh OIIHUTH BILTUB
TEXHOJIOTIYHOTO HarapTyBaHHs Ta NEOMETPUYHHMX ITapaMeTpiB KOHIEHTPATOPIB HANPYKEHb 1
3QJIMIIKOBUX HAMpPY)KeHb BiJ HAIUIaBJICHHS HA MEXaHIYHI BIACTUBOCTI marepiamny Tpyou. s
MOpIBHSIHHS BIUTUBY (opmu 3pa3ka Ha MexaHiuHi xapaktepuctuku OM Tpy6bm ta MIII
BUKOPHCTOBYBAJIM TAaKOXK LIUIIIHAPUYHI TOBHOMIpHI 3pa3ku (puc. 12).
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3 METO0 BH3HAYEHHS MEXaHIYHUX XapaKTEPUCTHK METaly XapaKTepHHX 30H 3BapPHOTO
3’e¢nnanHs (3TB ta MIL) BHUKOPUCTOBYBaIM MWIIHAPUYHI 3pa3skd 3 BKOPOYEHOIO POOOYOIO
IUTstHKORO ToBkHHOI0 3,0 MM (puc. 10). CxeMa posTtainryBaHHS po0O040i MIISTHKA BKOPOYEHOTO
muTiHApUYHOTO 3pa3ka B 3TB 3BapHOro 3’e¢HaHHS HaBeAeHA HA pHC. 2.

PoGo4a yacTuna 3paska___

Pucynox 2. @parment 3BapHOTO 3’ €HaHHA. CXeMa po3TanlyBaHHS poO090] YACTHHU BKOPOUEHOTO

OUTiHAPUIHOTO 3pa3ka B 3TB 3BapHOTO 3’€1HAHHS
Figure 2. A piece of the welded joint. The location of the test portion of the shortened cylindrical specimen
in the HAZ of the welded joint

BunpoOyBaHHs Ha pO3TATYBaHHA IPOBOJWIM Ha CTaHAAPTHINH yHiBepcalbHIiH
enekTporigpasniuHidi  MammHi  3201YE-20  BupoOHuUIITBA  ApMaBipCbKOTO  3aBOAY
BUIIpoOOBYBanbHUX MammH (Pocist), ocHamieHiii kouTponepom ¢ipmu BISS (Iamis) Ta
KOMIT'IOTEPOM 13 BIANOBIAHMM HOporpamMHUM 3abe3nedeHHsM. Jledopmarii B IIIOCKHX Ta
WTIHAPUYHUX TIOBHOMIPHHX 3pa3kax BUMIPIOBATH TEH30METPOM 3 023010 BUMIPIOBaHHS 25 MM,
a MWIHIPUYHAX 3pa3KiB 3 BKOPOYCHOIO POOOYOI0 YACTHHOK — TEH30pPE3UCTOpaMHu 3 0a30i0
3,0 MM, HaKJIEEHUMH HA POOOYY JUISHKY.

Xapakrepuctuku MinHocTi OM Ta XapakTepHUX 30H 3BapHOIO 3’€JJHAHHS BHU3HAYaIIU
HEPYHHIBHUM METOJOM I1HCTPYMEHTOBAHOTO I1HJEHTYBaHHs 3rigHo 3 ISO 14577-1 [4] npu
CTaTUYHOMY Ta IIMKJIIYHOMY PEKUMAaX HaBaHTAXKCHHS 1HACHTOPOM Y BUIIAII KYJIbKH D = 2,5 MM
Ha JaboparopHiii ycranoBmi UTM-20HT [5, 6] 3a kimMHatHOi Temmeparypu. J[liarpamu
IHJCHTYBaHHS 3alMCYBAJIM B KOPCTKOMY PEXHMMI HABAaHTXCHHS 31 IIBUIKICTIO MEPEMIilICHHS
ingenTopa 0,05 mMm/xB. XapakTepHy miarpamy infentyBanHsa ctami 1711C-Y B nukiigyHOMYy
pEeXMMi HaBaHTA)KEHHSI HABEJICHO Ha pHC. 3.

VMOBHY TIpaHUIIO TeKydocTi o,, ctani 171'1C-Y BusHauamu 3a BIOCKOHAJIEHOO

MeTOMuKOI0 Xarrara [7]. Y pe3yabTaTi OTPHUMAHO KOpESIiiHY 3alekKHICTh MK TPAHHIICIO
TEKy4OCTi, 10 BU3HAa4YeHa 3 BunpoOyBaHHsa Ha po3tar (OCT 1497-84) ta mapameTrpoMm A, SKHid
XapaKkTepu3ye 3arac MIaCTUIHOCTI MaTepially B piBHSHHI, IO ONKCYE Jiarpamy iHACHTYBAaHHS B
koopauHatax F/d’ — d/D [7]

00’2 - CZO-O,2 * A + bo-0,2 ’
ne ag , 1 bGO ) KoedimieHTH, ki gopiBHIOOTE 0,23 1 0 ms crani 1711 C-Y BiamosigHO.

I'panumo MIHOCTI METOAOM 1HCTPYMEHTOBAaHOTO 1HJCHTYBAaHHS BH3HAyald 3a
MeTo koo Xapuenka — Karka [8].
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Pucynok 3. XapakrepHa mgiarpaMa iHCTpYMEHTOBAaHOTO iHAeHTYBaHHA cTaii 171 1C-Y 3a mukimigHOTrO
HaBaHTa)KCHHS
Figure 3. Typical diagram of the instrumented indentation of steel 17G1S-U under cyclic loading

Pe3ysbTaTn eKCiepuMEHTAJIBHHUX JOCTII2KEeHb TA IX 00rOBOPEeHHS

Pezynomamu oocniosicennss 6naugy mexawiunoi 00OpoOKU noepxHi poboyoi OiNAHKU
3paskie Ha mexaniuni xapakmepucmuxu OM mpyou mpydonpogody. Jliarpamu aepopMyBaHHS
IJIOCKUX 3pa3KiB 3 Pi3HOI MEXaHIYHOK 0O0pOOKOI poOOYHMX IMOBEPXOHb MPUBEIACHO HA puC. 4.
OtpumaHi niarpamMud OyJTu BUKOPHCTaHI JUIsl BU3HAYCHHS MEXaHIYHUX BIIACTUBOCTEH, CepelHi
3HAUCHHS SKUX HaBEJCHO B Ta0. 1.
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Pucynox 4. [liarpamu geopMyBaHHS 3pa3KiB 3 Pi3HOIO MEXaHITHOIO 00POOKOI0 POOOUNX MOBEPXOHb:
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1 — 6e3 00poOKH OBEPXOHB; 2 — 3 0OPOOKOIO 30BHIIIHEOI Ta BHYTPIIIHEOI IOBEPXOHB; 3 — 3 00pOOKOIO
TIUTBKH BHYTPIIIHBOI TOBEPXHi; 4 — 3 00pOOKOIO TUTEKH 30BHIITHKOI TOBEPXHI
Figure 4. Stress-strain diagrams of specimens with different mechanical treatment of working surfaces:
1 — without surface treatment; 2 — with treatment of internal and external surfaces; 3 — with treatment of an internal
surface only; 4 — with treatment of an external surface only

Tabmuus 1. 3anexxHicTs MexaHiuHUX BiacTuBocteit ctani 171'1C-Y Big MexaHiyHOT 00poOKH ITOBEpXHI 3pa3KiB i3
Tpyou ¥530x8 (3pas3ku BUpi3aHi y MOMEPEIHOMY HATIPSMKY TPYOH)

Table 1.Dependence of the mechanical properties of steel 17G1S-U on the mechanical treatment of specimen
surfaces from the pipe of 530x8 mm in diameter (specimens cut in the transverse direction of the pipe)

O6pobka noBepxHi 0,,Mlla | 0,,,MIla | 6_,% |0 % |¥,%
> z PDIBH.

be3 06poOku oBepXOHb 567 331 25,6 19,5 39,2

OO0poO6iieHa 30BHINIHS MTOBEpXHS | 574 336 22,5 15,9 44,1

OO6pobnena BHyTpilIHA moBepxHs | 581 355 21,9 17,5 36,3

3 06poOKOI 000X MOBEPXOHD 594 356 25,9 18,5 45,5

Tyr 0, — rpanuus MIIHOCTi; O, — yMOBHA I'PAHMIIS TEKY4OCTi; 52— BIJTHOCHE BUIOBIKCHHSI;
§pi6H — BITHOCHE PIBHOMIPHE BHJIOBXKEHHS; |/ — BITHOCHE 3BYKECHHSL.

OTtpumaHi pe3yiabTaTH MOKa3aiy, 0 MeXaHiyHa 00poOka 000X MOBEPXOHb 3pa3ka Tpyou
micist TpuBasioi ekcruryaranii Ha 4,8% miABMINYe TpaHHIIO MiIHOCTI Ta 7,6% — yMOBHY
TPaHULII0 TeKy4yocTi 1 Ha 16% miaBHINYe BiJHOCHE 3BYKEHHS MPOTHU 3pa3ka 3 HEOOPOOIEHOIO
noBepxHero. Crif BiJ3HAYUTH, 1110 MeXaHiyHa 00poOKa 30BHIIIHBOT 200 BHYTPIIIHBOT TOBEPXHI1
IIBUNIYE TPAHMITIO MIITHOCTI TUTBKH HA 1,2%, B TOM Yac K TBOCTOPOHHS MeXaHi4Ha 00poOKa —
Ha 4,8% mnporm 3pa3ka 3 HeoOpoOieHO moBepxHew. Jliarpamu nmedopmyBaHHS 3
OJIHOCTOPOHHBOIO MEXaHIYHOI OOpOOKOI0 PO3TAlIOBaHI MiXK JiarpamMaMu 3 OOpOOJICHHMH Ta
HeoOpoOieHnMu 0060Ma MmoBepXHsIMU (puc. 4).

Peszynomamu docniodicennst éniugy popmu 3pazka ma HAnpsamMKy npoKamy Ha MeXaHiyHi
xapaxmepucmuxu OM ma memany 36aproeo 3’ €OHanus. Bimus ¢gopmu 1abopaTopHOTo 3pa3ka
Ta HaNpSAMKY HOTo OCl BiIHOCHO OCi TPyOOIPOBOY Ha MEXaHIUHI XapaKTePUCTHKU MaTepianty
TpyOM IOCHI/DKYBadM Ha IUIOCKMX 3pa3kax i3 OM Ta 3pa3kax 31 3BapHUM 3’ €JHaHHSIM 3
MEXaHIYHOI 0OpOOKOI0 Ta 0e3 0OpOOKM HOTO 30BHINIHLOI Ta BHYTPINIHHOI MOBEPXOHb Ta Ha
MOBHOMIPHUX HMWIIHAPUYHUX 3pa3kax (auB. puc. 1). Y Tabmuii 2 HaBeIEHO CepelHI 3HAYCHHS
MEXaHIYHUX XapaKTePHCTUK 3aJIeKHO BiJ (OpMH 3pa3ka Ta HAMpsSMKY HOTro OCi BIIHOCHO OCi
TPYOOIIPOBOTY.

Tabmuus 2. CepeHi 3HaUSHHST MEXaHIYHUX XapaKTEPUCTHK METAITy B3[IOBXK 1 IIONEpPeK TpyOou

Table 2. Average values of the mechanical properties of the metal along and across the pipe

Tun 3paska 0, , Mlla Oy, ,Mlla 0% |0 . % W.%
’ z pien.
ITonepex Tpyou
Ilnocki 3pa3ku, OM 556 407 25,9 154 43,1
(6e3 006poOKH TTOBEPXHI)
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Ilnocki 3pa3ku, OM 597 420 24,3 16,7 45,7
(3 06pOOKOIO MOBEPXHI)

Huainapuyni 3pasku, OM 595 408 30,0 21,6 53,1
Ilnocki 3pa3ku, 3BapHe 3’ € JHAHHS 569 341 18,0 11,5 394
(6e3 00poOKH TTOBEPXHI LI1BA)

Ilnocki 3pa3ku, 3BapHe 3’€THAHHS 591 421 20,3 13,8 37,4
(3 00poOKOIO TOBEPXHI IIBA)

B3nos:x Tpyon

Ilnocki 3pa3ku, OM 561 411 33,5 19,5 65,1
(6e3 00poOKH TTOBEPXHI)

Ilnocki 3pa3ku, OM 604 432 32,7 19,5 62,1
(3 00poOKOIO TTIOBEPXHI)

Huaingp. 3pa3ku, OM 598 391 31,7 18,8 69,7
Huaingp. 3pa3ku, M 599 402 26,4 16,4 58,4

Crig Big3HA4UMTH, 11O 3pa3kH, BUpi3aHi nonepek Tpyou (S—T), 31 3BapHUM 3’€THAHHSAM O€3
00poOKkM moBepxHi (0e3 3HATTS MiJACUIeHHS Ba) pyiHyBaiucs no OM Ha BifcTaHi IpUOIN3HO
5 MM Big Kparo 3BapHOro mBa (puc. 5). [Ipu mpoMy Mo0IM3y MicCIs pyHHYBaHHS XapaKTEPHO
3Ha4YHe (HOPMYyBaHHS MIKpPOIIOP.

S L

IIpodiae 30MV 3paska

Pucynok 5. UactuHa 3pyHHOBAHOTO 3pa3Ka 3i 3BapHUM 3’ €THAHHAM (0e3 3HATTS MiACUICHHS IIBa) TPyoH
MaricTpajbHOTO TPYOOIPOBOY 3 TIO3A0BXKHIM 3BapHUM LIBOM ITiC/Isl BUIPOOYBaHb HA PO3TAT:

46



MEXAHIKA TA MATEPIAJIO3HABCTBO

a — 3araJbHUN BUMIHAL; 0, 8 — GOpMyBaHHS MiKpomnop moOiImu3y Micus pyiHyBaHHS (TIOJTipOBaHA TIOBEPXHS B
nepetuHi (S—7) 6e3 TpaBIeHHS Ha MIKPOCTPYKTYPY); & — MikpocTpykTypa OM TpyOu modnm3y Micis pyiHHyBaHHSI
B iepetuHi (S—7)

Figure 5. A part of the failed specimen with a welded joint (without removal of the weld reinforcement) of the
main pipe with a longitudinal welded joint after tensile tests:

a -a general view; b, ¢ - formation of micropores in the vicinity of the fracture site (a polished surface at the
intersection (S-7) without microstructure etching), d - microstructure of the pipe BM in the vicinity of the fracture
site at the intersection (S-7)

3pa3ku, Bupizani nonepek Tpyou (S—T), 31 3BapHUM 3’ € JHAHHIM 3 00pOOKOIO MTOBEPXHI (31
3HATTSM MIiACHICHHS IIBA) PYHHYBAJIUCS Maibke TOcepennHi ioro po6odoi yactuau mo MII
(puc. 6). Ilpm mpoMy TOONM3Y MICIS PYHHYBaHHS CIOCTepiraan He3HauHe (OpMyBaHHS
MIKpPOIIOP.

3pasku i3 OM y nomnepedHoMy 1 MO3I0BKHBOMY HAaIpsIMKY TpyOu Ta 3pasku i3 MII y
M03/I0B)KHbOMY HAIIPSIMKY PYHHYBaIHCS IOCEPEINHI pOOOY0i YaCTHHH 3pa3Ka.

AHani3 ekcrnepuMeHTAIbHUX JaHuX (Tabn. 2) mokasye, 110 BUIPOOYBAHHS Ha PO3TST
3pa3kiB 3 00pOOIEHOIO TIOBEpXHEO (TIOCKI Ta MUJIIHAPHYHI 3pa3ku, puc. la, 2) i3 OM ta MILI,
JAI0Th 3aBUIICHY Ha 6,3—7,6% TpaHUII0 MIIHOCTI BITHOCHO aHAJIOTIYHUX JAHUX, OTPUMAHHX
Ha TUIOCKHX 3paskax i3 OM 06e3 o0poOku moBepxHi (puc. 16) He3alneKHO B HAMPIMKY
npokaty. ['panuns wmimHocti OM t1a MII 3a pesynpraramu BUNpPOOyBaHHS 3pasKiB 3
00p00JICHOIO MTOBEPXHEIO MaliyKe HE 3aICKHUTh BiJl (hOpMH 3pa3Ka (LMITIHAPUIHUN YU ITOCKUHN) 1
HAINpSMKY MPOKaTy (B3JI0BXK 4M Momepek Tpyon). MakcumaibHa moxuoka ckiaaae 1,5%.
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IIpodias 3710MV 3pa3ka

20pm

Pucynox 6. YacTuHa 3pyifHOBaHOTO 3pa3Ka 31 3BapHHUM 3’ €IHAHHSM (31 3HATTAM IiICUIICHHS 1IBa) TPYOH
MaricTpajgbHOTO TPYOOIPOBOY 3 TO30BKHIM 3BapHUM LIBOM ITiC/Isl BUNPOOYBaHb HA PO3TAT:
a, 6 — 3araJpHUN BUIIHAL; 8 — GOpMyBaHHS MiKpomnop moOimu3y Micus pyiHyBaHHS (TIOJipOBaHA TIOBEPXHS B
repetuHi (S—7) 6e3 TpaBIeHHS HA MIKPOCTPYKTYPY); 2, 0 — MiKkpocTpykTypa MILI mo6num3y Mics pyiHYBaHHS B
mepetui (S-7)

Figure 6. A part of the failed specimen with a welded joint (with the removal of the weld reinforcement) of the
main pipe with a longitudinal weld after tensile testing:

a, b — a general view; ¢ — formation of micropores near the site of fracture (a polished surface at the intersection (S—
T) without the microstructure etching); d, f/— WM microstructure in the vicinity of the fracture site at the intersection
(S-T).

Boanouyac ymMoBHaA rpaHUIls TEKYy4OCTi 3HAYHO 3aJ€KUTh BiJ (pOpMH 3pa3zka Ta HAMpPSMKY
poKary. Y MO3J0BKHbOMY HaNpsAMKY TpyOU 3HAYEHHs] YMOBHOI IPaHUIIl TEKY4OCTi, OTpUMaHi
npyu BUNPOOYBaHHSAX HWIHAPUYHKUX 3paskiB i3 ML ta OM (puc. 1e2), Ha 2,25-4,9% nHnxu4i
BIJTHOCHO aHAJIOT1YHUX JAaHUX, OTPUMAHUX Ha IUIOCKUX 3pa3kax i3 OM 6e3 o0poOku moBepxHi
(puc. 16). YMOBHa TpaHMIs TEKy4yOCTi, BU3Hau€Ha Ha IUIOCKHX 3paskax i3 OM rta MII 3
00pobenoro noBepxuero (puc. la), Ha 3,1-5,1% Buma 3a gaHi, OTpUMaHi Ha IUIOCKUX 3pa3Kax
13 OM 0e3 00poOku noBepxHi (puc. 16) He3anekHO BiJ HAIPSIMKY IpoKary. ['paHUIl MIITHOCTI
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Ta YMOBHOI TpaHMIl TEKy4OCTi BH3HAU€HI Ha NWIIHIPHUYHHX 3pa3kax (puc. le) i3 OM
TpyOonpoBoy 3aHmkeHi Ha 1% Ta 9,5% y mo3noBxHbOMY HanpsMKy Tpyou Ta Ha 0,25 % Tta
2,65% — y nmonepeyHOMY HaIpsIMKY BIIOBIIHO MPOTH JaHUX, OTPUMAHUX Ha TUIOCKUX 3pa3Kax
(puc. la) 3 06po0IICHOIO MTOBEPXHEIO.

XapaKkTepUCTUKU IJIACTUYHOCTI CYTTEBO 3alekarTh BiJg (GOpMH 3pa3Ka Ta HANpsIMKy
npokary. Y TMO30BXKHbOMY HAmpsMKy TpyOM BITHOCHI BHJAOBXKEHHS O, OTpUMaHi Npu
BUIMIPOOYBAHHIX UUIIHAPUYHUX (puc. 12), Ta IUIOCKUX 3pa3kiB 3 OOpPOOIEHOI0 IMOBEPXHEIO
(puc. 1a) i3 OM Ha 5,5% Tta 2,2% HWK4Yi, BIANOBIAHO, BIJHOCHO NAaHUX OTPUMAHHUX IPU
BUIIPOOYBAHHSIX IUIOCKUX 3pa3kiB i3 OM 0e3 00poOku moBepxHi (puc. 16). BinHocHe 3By>keHHs
W ICTOTHIImIE 3aleXuTh Bij (opmu 3paska. s mwrmiaApudHOTO 3paska 13 OM BiIHOCHE

3BY>KeHHs Ha 7,1 % BHIIe, a s TUIOCKOTO 3pa3ka 3 00poOJIeHO0 MOBEepXHE Ha 4,5% Huxk4e
BIZTHOCHO JIaHUX, OTPUMAHUX MPU BUIPOOYBaHHI IJIOCKUX 3pa3kiB 6e3 00poOku moBepxHi. [s
MII BigHOCHE BHJIOBXKEHHS Ta BIJHOCHE 3BYKEHHS, OTpUMaHi Tpu BUNpoOyBaHHI
OATHAPUYHUX 3pa3kiB Ha 21,2% Ta 10,2% BiAMOBIiAHO MEHII BITHOCHO aHAJIOTIYHUX JaHUX,
OTpUMAaHUX MPH BUMPOOYBaHHI MIIOCKUX 3pa3KiB 6€3 00pOOKH MOBEPXHI.

VY nonepeyHoMy HanpsIMKY TpyOu BiTHOCHE BUJIOBKECHHSI IMJIIHAPUYHHX 3pa3kiB i3 OM Ha
16% Oinpie, a AJIg MIOCKKUX 3pa3KiB 3 00pPOOJICHO MOBEpXHE Ha 6,3% MeHIe BiAMOBIIHUX
3Ha4YeHb, OTPUMAHUX Ha IUIOCKMX 3pa3kax Oe3 o0poOkum moBepxHi. BimHOCHE 3BYXEHHS,
OTpUMaHe Ha IMWIIHAPUYHHUX Ta TUIOCKHX 3pa3kax 3 o0pobiieHoro moBepxHer i3 OM, Ha 23,0%
ta 6,0% OuIbIIl BIIMOBIMHUX JaHWX, OTPUMAHUX Ha TUIOCKHX 3pa3kax 0e3 0OpoOKM MOBEpXHi.
Jlis MII BimHOCHE BHWIOBKCHHSI Ta BiIHOCHE 3BY)KEHHS, OTPHMMaHI Ha IUIOCKHX 3pa3Kax 3
o0po0neHoro moBepxHero, Ha 22,6% Tta 13,25% HIDKYl BIAMOBIAHUX JaHUX, OTPUMaHUX MpU
BUIMPOOYBaHHI TIOCKUX  3pa3KiB 0e3 oOpoOKH MOBEpXHi.  AHI3OTPOIMisS XapaKTEPUCTHK
IUTACTHYHOCTI Y TIO3JI0BKHBOMY Ta TOINEPEYHOMY HAIPSIMKaX TPYOH OLUIbIIE MPOSBISETHCS Ha
TUTOCKHUX 3pa3Kax.

Pe3ynomamu 6usHauenns mexamiuHux xapaxmepucmux OiLISAHOK 36apHO20 3 €OHanua. Y
JaHiii poOoTi NUUIIXOM BUMNPOOYBaHb NHMJIHAPHYHUX 3pa3KiB 13 YKOPOYEHOI pPOOOYOI0
qacTHHOIO (pHC. 10), sAKi BUpi3aHi y MONEPEYHOMY HANpsIMKy Tpyou TpyOompoBomy, Oyiu
OTPHMaHI XapaKTEPUCTHUKU MEXaHIYHHUX BIIACTHBOCTEH OKPEMHX JAUISHOK 3BAPHOTO 3’€HAHHS
ta OM (Tabm. 3).

Tabnums 3. MexaHi4H1 BITaCTHBOCTI XapaKTEPHUX JUITHOK 3BapHOTO 3’ € THAHHS
Table 3. Mechanical properties of specific areas of the welded joint

30Ha 3BapHOrO 3’ €IHAHHS o, , Mlla Oy,,Mlla o, % o % v, %

z pien.’
OM 628 420 29,7 17,1 47,0
3TB 645 417 28,3 14,4 38,2
MIII 651 438 26,5 16,8 50,0

Crhim BiI3HAYWTH, IO OTPHMaHI MpPH BHUIPOOYBAHHSIX BHPI3aHUX Y MOMEPEUYHOMY
HaNpsMKY TPYOH IIJIIHAPUYHUX 3pa3Kax i3 YKOPOUCHOK POOOYOI0 YACTHHOIO 3aBHUILYIOTH Ha
5,46% Ta 2,86% TpaHHIIO MIIHOCTI W YMOBHY TpaHHUIl0 TeKydocTi OM Ta 3aHMXKYIOTh Ha
11,42% BigHOCHE 3BY)KEHHS MPOTHU BIAMOBIIHUX XapaKTEPUCTHUK, OTPUMAHUX HA MOBHOMIPHUX
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WTHApHYHUX 3paskax. Jmsa MII pani, oTpumani mnpu BUNPOOYBaHHI BHpPI3aHUX Y
MOMEPEYHOMY HAMPSIMKY TPYOM MHIIHAPUYHUX 3pa3KiB 13 yKOPOUEHOI poOOYOI0 YAaCTHUHOIO,
naroTh 3aBulleHy Ha 8,7% Ta 9,05% rpaHuUIl0 MIIHOCTI i YMOBHY TpPaHMIIO TEKYy4OCTi Ta
3aHmwkeHe Ha 14,42% BigHOCHE 3BY)KEHHS MPOTH BIAMOBIIHUX [aHUX, OTPUMAHHUX IMpPU
BUIIPOOYBaHHI TTOBHOMIPHUX HWJIIHIPUYHHUX 3pa3KiB BUPI3aHUX Y MOB3/JI0BXHBOMY HAIPSIMKY
TpyOH.

Pe3ynomamu eusnauenns MexamiuHux Xapakxmepucmukx — OLIAHOK 38APHO20 3 €OHAMHA
MemoooM IHCmpyMeHmosano2o indenmysanns. Ha puc. 7 mpencTaBiIeHo TPaHUIIO MIITHOCTI Ta
YMOBHY TPaHMIIO TEKY4YOCTi JJISl XapaKTEPHUX MUISHOK 3BapHOTO 3’€THAHHS BHU3HAYCHI
METOJIOM 1HCTPYMEHTOBAHOTO 1HJIEHTYBAHHS MO TMOMEPEUYHOMY mepepi3y (4) Ta mo 30BHIMIHIN
(5) o6pobneniit moBepxHi TpyOu TpyOompoBony. Ha rpadiku HaHeceHi TakoX MeXi pO3KHIY
TpaHUILl MIITHOCTI Ta YMOBHOI rpaHulll Tekydocti s ctam 171'1C-Y srigao 3 TY 14-3-1270-
2001 (o,=510,0-630,0MIla; o,,=360,0-460,0MIla), a Takox jgaHi, OTpUMaHi Ha

wiockux (1, 6) 1 MUIIHAPUYHUX TOBHOMIPHHX (2, 7) Ta 3 YKOpOUEHOI poO0o4oi0 YacTuHO (3)
3pa3kax, BUPI3aHHUX MOMNepeK 1 B3AoBK TpyOu. CiiJl BIA3HAUYUTH, IO XapaKTEPUCTUKUA MIITHOCTI
Mmarepiany TpyOoH, OTpUMaHi METOJIOM IHCTPYMEHTOBAHOTO iHACHTYBAaHHS B3JIOBXK MOIIEPEYHOTO
nepepizy, Kpamie y3TrO/KYIOThCS 3 JaHUMH MEXaHIYHHX BUIPOOYBaHb TUIOCKUX 3pasKiB 3
00pOOJICHOI0 TTOBEPXHEIO Y MONEPEYHOMY HAmpsIMKy TpyOu. MakcuMaibHa pi3HHLS TPaHMIl
MIIHOCTI, BU3HAYEHOI METOJOM IHCTPYMCHTOBAHOTO IHJICHTYBaHHS Ta MEXaHIYHUMHU
BUIIPOOYBaHHAMHU Ha po3TAr He nepesuiye 4,8%, a yMOBHOI rpaHuLi Teky4docTi — 6%. O6uasi
XapaKTepUCTUKW MIIHOCTI BHM3HAY€HI METOJOM I1HCTPYMEHTOBAHOTO 1HJEHTYBaHHS IO
30BHIIIHINA 00pOO0JeHii MOBEepXHI TPYOH BUIIl BiJHOCHO aHANOTIYHUX JAHUX, OTPUMAHUX MPHU
BUIIPOOYBAHHSX HA PO3TIT.
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Pucynok 7. Posmoin rpanuiti MiHOCTi ( 07, , TEMHi TOYKH) Ta yMOBHOI IPaHHMIli TEKYHIOCTi ( 07, 5 , CBITII

TOYKH) Y3JI0BXK 3pa3Ka 31 3BapHUM 3’€THAHHIM BU3HAYCHI: METOJOM IHCTPYMEHTOBAHOTO iHACHTYBAHHS 110
HorepevyHoMy Tepepisy Tpyou (4) Ta no 30BHIIIHINA OBepXHi (5); MEXaHIYHUMHU BUITPOOYBaHHIMH MJIOCKHX (1) Ta
WJIHAPUYHUX TOBHOMIpPHUX (2) Ta BKOpOYeHUX (3) 3pa3kiB Honepek TpyOoH; MeXaHIYHUMH BUIIPOOYBaHHSIMH
wiockux (6) Ta NUIIHAPUYHUX MOBHOMIpHUX (7) 3pa3KiB y310BXK TpyOu. Ha CBITIIMHI AUISTHKK 3BapHOTO 3’ €IHAHHS
(momepedHOTO TIEpEpi3y TPyOH) BUIHO BIZOMUTKH iHACHTOpA IHCTPYMEHTOBAHOTO iHACHTYBAaHHS

Figure 7. The ultimate strength, o, , (solid points) and the offset yield stress, 0 , , (open points) distribution
along the specimen with a welded joint are determined by: the instrumented indentation technique in the transverse
cross-section of the pipe (4) and on the external surface (5); the mechanical testing of flat (1), cylindrical full-sized

(2) and shortened (3) specimens across the pipe; the mechanical testing of flat (6) and cylindrical full-sized (7)
specimens along the pipe. The indenter imprints obtained using the instrumented indentation technique are seen in
the image of the welded joint area (cross-section of the pipe)

BucHoBku. [Ipy BUKOpHCTaHHI JIITEPaTypHUX JaHUX MEXAaHIYHHX BIACTUBOCTEH MeETalry
KOHCTPYKLIi y BHXiZHOMY cTaHi (0e3 eKCIUTyaTaliiHUX TOHIKO/DKEHB), SKI OTpUMaHi B
OCHOBHOMY Ha IWIHAPUYHHUX a00 TUIOCKHX 3pa3kax 3 0OpOOJICHOI MOBEPXHE0, HEOOX1JTHO
BpaxOByBaTH, IO IIi JaHi MOXYThb MaTH 3aBHUINEHI a00 3aHMKEHI 3HAYCHHS BiJHOCHO
AQHAJIOTIYHUX XApaKTepUCTHUK MeTally KOHCTPYKILIii TMicisi TpUBajoi eKcIiulyartamii (3
eKCIUTyaTalliiHUMHU TIOIIKOKEHHAMU) 0e3 MeXaHiuyHOi 0OpoOKM MOBEpXHi 3pa3ka. 3HaueHHS
MEXaHIYHUX BJIIACTUBOCTEH MeTalxy TPyOOIpPOBOIY 3aJIe)KHUTh Bill (pOpMHU 3pa3ka Ta HAIPSIMKY
POKaTy.

AHI30TpOIIIA XapaKTEPUCTHK TUIACTHYHOCT] y MO30BKHBOMY Ta MIONEPEYHOMY HANpsMKax
TpyOu O1ITbIIIE IPOSBISIETHCS HA TUIOCKHX 3pa3Kax.

3pa3ku 31 3BapHUM 3’€HAaHHSAM 03 3HATTS MIACWICHHS [IBa pyHHYIOTbCa 1o OM 3
YTBOPEHHSIM BEJIHMKOi KUTBKOCTI TIOP, @ 3pa3KH 31 3HATTSAM IiJCHICHHS 3BapHOTO 1mBa — mo MIII
13 HE3HAYHUM YTBOPCHHSIM TIOP.

XapakTepUCTUKH MIIIHOCTI Marepiainy TpyOH, OTpUMaHi HEPYHHIBHUM METOIOM
IHCTPYMEHTOBAHOTO 1HIECHTYBaHHS, JI00OpE y3ro/UKYIOTHCS 3 TJAaHUMH MEXaHIYHUX BHIIPOOYBaHb
IUIOCKUX 3pa3KiB 3 00pPOOJICHOI MOBEPXHEI Y MOMEPEYHOMY HAINPSIMKY TpyOu. MakcuMaibHa
PI3HHIIS 3HAYCHb TPAHUI MIIHOCTi, BU3HAYCHOI METOJOM IHJCHTYBaHHS Ta MEXaHIYHHUMH
BUIIPOOYBaHHSAMHU Ha PO3TAT, cKianae 4,8%, a yMOBHOI IrpaHHIIl TeKy4ocTi — 6%.

3arajioM EeKCHEepUMEHTaJIbHO OTPUMaHi XapaKTEPUCTHKH MEXaHIYHUX BIIACTHBOCTEH
MeTay TPyOONpPOBOIY IiCisl TPUBAIOI EKCIUTyaTallii 3HaXOJAThCAd B MEXKaX PO3KUAY 3HAUYEHBb
IpaHuUIli MITHOCTI Ta yMOBHOI rpanuili Teky4ocTti ctani 171'1C-Y 3rigao 3 TY 14-3-1270-2001.

Conclusions. When using literature data on the mechanical properties of the structural
metal in the initial state (without in-service damages) obtained mainly for cylindrical or flat
specimens with surface treatment, it is necessary to take into account that these data can have
overestimated or underestimated values as compared to the same characteristics of the structural
metal after a long-term operation (having in-service damages) without surface treatment of the
specimen. The values of the mechanical properties of the pipeline metal are dependent on the
specimen shape and direction of rolling.

The anisotropy of the plasticity characteristics in the longitudinal and transverse directions
of the pipe becomes more pronounced in flat specimens.
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The specimens with welded joints (without removal of the weld reinforcement) fail along
the BM, forming a large number of pores, whereas the specimens with removal of the weld
reinforcement fail along the WM with a slight formation of pores.

The strength characteristics of the pipe material obtained by nondestructive instrumented
indentation are in good agreement with the data on the mechanical testing of flat specimens
with surface treatment in the transverse direction of the pipe. The maximum difference in the
values of the ultimate strength, determined by the indentation and mechanical tensile tests, is
4.8%, and that in the offset yield stress is 6%.

In general, the experimentally obtained characteristics of the mechanical properties of the
pipeline metal after long-term operation are within the scatter of values of the ultimate strength
and offset yield stress for steel 17G1S-U in accordance with Specifications 14-3-1270-2001.

Pobomy euxonano 3a cnpusuHs yitboeoi KOMNIAEKCHOI npozpamu Haykoeux odocniodcenv HAH Vkpainu
"[Ipobnemu pecypcy i 6e3nexu excnayamayii koncmpyxyit, cnopyo ma mawun” ("PECYPC"), npoexmu P6.7.1 ma
P6.7.2.
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