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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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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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MEXAHIKA 1 MATEPIA/IO3HABCTBO

BUXIOHUM 2apsuekamanum npymrkom. Bucoky wymmueicms 00cniodcyeanux KOHCMpYKyiiHux cmanei 00 600HE8020
OKPUXYEHHL C/II0 8PAXO08Y8AMU NPU 3ACMOCY8AHHI eNIEKMPOXIMIYHO20 3AXUCTTY 3AI300eMOHHUX SUPODIS.

Knwowuosi cnosa: nepnimna cmaiv, X0A00He BONO0YIHHA, B00HEGE OKPUXUCHHS, XAPAKMEPUCHIUKU
NAACIMUYHOCTNI, 31AMU, PO3MPICKYBAHHAL.

Myroslava Hredil

FRACTURE PECULARITIES OF PRESTRESSED STEEL
REINFORCEMENT UNDER HYDROGENATION IN THE MODEL
WORKING MEDIUM

Summary. Pecularities of fracture behaviour of progressively drawn pearlitic steels from the initial
hot rolled bar (not cold drawn at all) to the final commercial product (prestressing steel wire) were investigated
in air and under hydrogen charging in the Ca(OH), + NaCl solution with pH 12.5 which modelled a working
medium of a steel reinforcement.

The slightly drawn steels showed isotropic fracture behaviour and a smooth fracture surface at the
macroscopic scale. As the cold drawing degree increases, steels fractography became more irregular with numerous
elevations and valleys. The percentage of reduction in area y calculated afier slow stran rate tests in air increases with
the cold drawing degree. However, heavily drawn steels exhibit ¢ decrease with cold drawing. This behaviour can be
explained in function of the accumulated plastic strain & and the colonies orientation inside the steels. In the hot rolled
bar (not cold drawn at all) the orientation of pearlitic colonies (ferritic and cementite lamellas too) is random. As the cold
drawn degree advances the pearlitic colonies are oriented progressively in the cold drawing direction (and \y increase
progressively too) until the steel reaches a certain value in its accumulated plastic strain. When further lamellas
reorientation is not possible (almost all colonies have already been oriented), reduction in area begins to decrease, even
with the increment of plastic strain. All the steels tested in air presented a symmetrical fracture surface in a macroscale
(cup and cone fracture).

On the contrary to the test in air, stable low values of reduction in area were obtained under
hydrogenation conditions, revealing high sensitivity of the tested steel to hydrogen embrittlement which also
manifested in plural microcracking near the fracture surfaces. However plasticity loss for the tested steel due to
hydrogen was less in the case of the commercial high strength wire comparing to the as-received hot rolled bar.
Surface cracks appeared because of facilitation of share processes in the surface layers by hydrogenating
environment. Fracture in these cases always is initiated near the lateral surface which proves a crucial role of
surface defects in the case of steel wires hydrogenation. High susceptibility of the tested structural steel to
hydrogen embrittlement should be taken into account using electrochemical protection of reinforced concrete
structures.

Key words: pearlitic steel, cold drawing, hydrogen embrittlement, plasticity parameters, fracture surface,
cracking.

IlocranoBka mnpoOaemu. [lomepenHbo HampyXeHI NPYTKH 3 MEPIITHOI cTail
LIMPOKO 3aCTOCOBYIOTH JIJISl ApMYBaHHS 3aJ11300€TOHHUX KOHCTPYKLIH PI3HOTO NMpU3HAYEHHS,
HaIpUKIaJ, KapkaciB MocTiB. [lepeBaramu Takoro marepiajy € HOro BUCOKa MIIHICTh MPHU
3HauyHIM 1actuyHocTi. Taky KOMOIHAIII0 BJIACTUBOCTEH MEPJITHUX CTajedl JoCsrarTh
nuigXoM  xosiogHoro BosowiHHA (XB). Vwaachmimok XB  mokpairyroTbecs  MeXaHIYHI
XapaKTEPUCTUKU CTaJll — TBEPAICTh, I'PAHULS IUIMHHOCTI ¥ I'PaHUL MIITHOCTI 3pOCTa0Th.

Apmarypa B O€TOHI 3HAXOJIUTHCA B IACMBHOMY CTaHl, LI0 3YMOBJIEHO CHJIBHO
JYXKHOIO pEaKIli€el0 MOpoBOI PIAMHM Ha MexX1 apmarypa — OeroH. OnHaK yHpoaOBX
excrutyatanii pH cepenoBuilla 3HMKYETbCS depe3 KapOOHI3aliio OETOHY Ta MPOHUKHEHHS
10HIB xJI0pY. BimomMo, 1110 BUCOKOMIITHI CTaJIl YyTJIMBI O BIUTMBY CEPEAOBUIIA, @ 0COOIUBO 10
BOJTHEBOTO OKPHXUYEHHS, II0 MOXXE€ BHUHUKAaTH BHAC/IIJOK HABOJHIOBAHHS CTall MiJ II€I0
KAaTOJAHOIO 3aXUCTy 3ajli300€TOHHUX KOHCTPYKLIH. 30KpeMa, OCHOBHOI IPUYMHOIO IX
MOILKOJKEHHSI BBaXKAOTh KOPO3iiiHE PO3TPICKYBAaHHS 3a OJIHOYACHOTO BIUIMBY arpeCUBHOIO
Cepe/IOBUINA Ta CTATUYHUX PO3TATYBAJIbHUX HarpyxeHb [1]. 3a Takux yMmOB, 3Ba)Karouu Ha
TPUBAIMM TEPMIH €KcCIUTyaTallii 3a;11300eTOHHUX 00’€KTIB, IMOBIpHA TaKOK €KcCIUTyaTaliiiHa
Jerpajalis CTAIbHUX apMyBaJIbHUX MPYTKIB, SIKa XapaKTepHa AJs IHIIUX KOHCTPYKIIMHHUX
cranei [2 — 6].
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Mera poGorM — mnpoaHaI3yBaTH BIIMIHHOCTI B MEXaHIYHIN MOBEIIHLI Ta
3aKOHOMIPHOCTI pyHHYBaHHS [IONEPEIHBO HANPYKEHUX IPYTKIB MEPIIITHOT CTajl Ha MOBITP1 I
Y MOJIETTLHOMY pO0O0OYOMY CEpPEIOBHIIL.

Marepiaau Ta MeTOaAM J0CTIKeHb. BUKopHcTamy UIHAPUYHI 3pa3Ky 31 CTall MICIs
PI3HUX €TariB TeXHOJIOTIYHOro npotecy XB, a Takox 3pa3Ku BUXIJHOTO raps4eKaTaHoOTo MpyTKa
i TOTOBOTO KOMEPIIIHHOTO NPOAYKTy. BrUBUamM eBTEKTOINHY MEPIITHY CTajlb, sIKa MPOMIILIA CiIM
eraniB XB. YHacnigok 0OpoOKH NepiiiTHI KOJOHIT HOCTYIIOBO NEPEOPIEHTOBYIOTHCS Y HANPSIMKY
oci IPoTy (HANPAMKY BOJIOYiHHS). IX Opi€HTAIlisl CTOCOBHO OCi CTEP)KHS 3aleKHUTh Bifl CTYTIEHS
BosiouiHHs [7]. BomHowac BigOyBaeThCsl MOTOHIIEHHS CaMUX KOJIOHIM, @ TaKOXK 3MEHIITYEThCS
BIICTaHb MIXK IUTACTUHKAMH, 1 BOHH OPIEHTYIOTHCS B HANpsIMKY BosIouiHHS [8]. XimMiuHui cKiaj
nocimKyBaHoi cram Takuii, mac. %: 0,88 C, 0,69 Mn, 0,22 Si, 0,010 P, 0,024 S, 0,239 Cr,
0,076 Ni, 0,010 Mo, 0,129 Cu, 0,118 V, pemrta Fe. [Inactuuna nedopmariisi, Hakormu4eHa Ha
KOKHOMY etari mporecy XB Ta oGuncnena 3a dopmynoro € = 2In(Dy/D;), ne Dy 1a D —
MOYaTKOBUI Ta KIHIEBUM iaMeTp MpyTKa BIANOBIIHO, a TAKOX JlaMeTp NPYTKIB HaBe/EH1 B
Tabmn. 1, ne Homepamu Mo3HaveHo eranu XB.

Taoanus 1.
JliameTp cTajbHUX NMPYTKIB Ta HAKOMMYEHA IJIACTUYHA AepopMartis
Crans/eran XB 0 1 2 3 4 5 6 7
D, Mm 11,03 9,90 8,95 8,21 7,49 6,80 6,26 5,04
g 0,00 | 0,22 | 0,42 | 0,59 | 0,78 | 0,97 | 1,13 | 1,57

UyrnuBicTh AOCALIKYBAHOI'O Marepialy JO BOJHEBOTO OKPHUXUYEHHS BH3HAuYald
METOIOM TMOBUTHHOTO PO3TATY 31 mBHAKICTIO 107 ¢ IITHAPHYHIX 3pasKiB JOBKUHOI 30 ¢M Ta
JiaMeTpoM, IO JOPIBHIOE [laMeTpy BIONOBIAHOTO mpyTka. I[louaTkoBa BimcTaHb MK
3aTCcKadaMu 22 cM. 3pa3kd He TOJIPyBaIH, a JIMIIE 3HSKUPIOBAIM allETOHOM 1 MPOMHUBAIH
JUCTUIBOBAHOIO BOJIOIO Uil HAOIMKEHHS YMOB €KCIEPUMEHTY [0 eKCIUIyaTalliiHuX.
EnexTpoxiMiuHy KOMIPKY KpIMWIM HaBKOJIO 3pa3ka. Kopo3uBHE cepenoBullle — HACHYCHUU
po3unn Ca(OH), 3 gomaBannsm 0,1 r/m NaCl (pH 12,5), mo mojaentoBaB MOpoBYy piIMHY B
6eroni. Po6o4rM enexkTposoM CIyryBaB JIOCIUKYBaHUN MPYTOK, €IEKTPOJAOM MOPIBHSHHS —
Hacuuennit xanomenbHuid (HgHgoCly). Sk nonoMibkHMI €l1eKTpoJ BUKOPUCTAHO IJIATHHOBY
cripaib, 10 3a0e3MedyBajo PIBHOMIPHUM PO3MOALT CTPYMY IO JOBXKHHI 3paska. Cramuid
KatogHuii moTeHmian — 1,2 B, oOpanuii Ha OCHOBI momepemHix gociaympkeHb [9, 10],
MIATPUMYBAIM MOTeHIiocTaToM. JlociaikyBainy MNpUHAWMHI TPU 3pa3Kd KOXHOTO BHIY,
pe3yabTaTl yCepeTHIOBAIH.

Pesyabtarn, ix o0roBopennsi. [loOynoBani kpuBi po3Tsry craii Bcix ertamiB XB
(puc. 1) BimoOpaxaroTh MOBEAIHKY CTaJll HAa CTaJlli pIBHOMIPHOTO BUIOBXKEHHS (10 YTBOPEHHS
IIMIKK) Ha TOBITPI Ta JO MOMEHTY pyHHYBaHHS 3a HAaBOJHIOBaHHA. BHacminok o0poOku
MPYTKIB iX IUIACTUYHICTH Ha MOBITPI 32 NOKa3HUKOM € OJHO3HAUYHO 3HWXKYEThCS. BUHATKOM €
KOMEPIIMHUN ApIT, AKkuil miciasi XB 3a TeXHOJOTIEr0 MPOXOAUTHh TEBHY TEPMOOOPOOKY st
3HATTS 3JIMIIKOBUX HAIIPY’KEHb.

I3 oTpuMaHuX pe3ynabTaTiB MOXHA CTBEP/KYBATH, 1110 BOJAECHb, YTBOPEHUM MiJ Yac
KaTOJHOI ToJisipu3allii cTajii y JYy)KHOMY CEPEIOBHIII, CYTTEBO BIUIMBAE HAa MEXaHIYHY
MOBEIIHKY MaTepiajy, MepIIoYeproBO Ha IJIACTHYHICTh. [Ipw 1bOMY TpaHHIS TEKYy4OCTi
3aJIUIIAETHCS MPAKTUYHO HE3MIHHOIO, a TPAHMIS MIIHOCTI 3HMKYeTbcsl He3HauHo. Ciifx
3a3HAYMTH, 10 BUOpaHUW pIBEHb KaTOAHOI MOJspu3alii € OJU3bKUM JI0 MIHIMaJIbHOTO
3HAYCHHS, 32 SIKOTO MPOSIBISETHCS BILUIMB BOJHIO HA TOCTIIHKYBaHUM MaTepian [9].
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Pucynoxk 1. KpuBi po3Tsry eBTeKToiiHOI nepiaiTHOI ctani Ha noBiTpi [11] (a) Ta 32 HaBOJHIOBAaHHS B
ny)xkHOMY cepenonuini 3 pH 12,5 (b). Homepu Ha puCYHKY BiAMOBiTat0Th eTanaM XB

Figure 1. Stress-strain curves of the eutectoid pearlitic steel in air [11] (a) and in the alkali environment with
pH 12.5 under hydrogenation (b)

BigHocHe 3By)XeHHsI Ha HOBITp1 3arajioM 3poctae 3i crtyneHeM XB (puc. 2, kpusa /), 1
JMIIE HAa OCTaHHIX €Tamax JEeMI0 3HWKYETbCs. TaKy MOBEIIHKY CTajll IMOSICHIOIOTH CYMICHUM
BIUIMBOM HaKOITMUYEHUX IJIACTUYHUX JIeopMalliii Ta HepeopieHTYBaHHIM HEPIITHUX KOJIoH1H [11].

[lin yac XxoJ0AHOrO BOJOYIHHS Bi1IOYBa€ThbCs JBa MNPUHIMIIOBUX MPOLECH —
HAKOIMMWYEHHs IUIaCTUYHOI aedopmalii (Hakjien) Ta MEepeopIEHTYBAHHS MIKPOCTPYKTYPHHUX
CKJIa/I0BUX. I3 KO)KHUM TEXHOJIOTTYHUM €TarioM IEpJIITHI KOJIOHII TOCTYIOBO OPIEHTYIOTHCS Y
HamnpsMi, napajelbHOMY JI0 MO3JI0BXHBOI OCl1 IPYyTKa AOTH, MOKH MPAKTUYHO YCl BOHHM HE
OyayTh po3MillieH] B HampsiMi BosiouiHHs [7]. [Ipu 1iboMy 3pocTae 1 BITHOCHE 3BYKEHHS /.
[Ticnst erany 5, O4EBUAHO, JOCSITHYTO MAaKCHUMAaJbHOI IEpeOpieHTAIli MEPIITHUX KOJOHIH,
TOMY TIoJaJibIlia 00poOKa CTami MPU3BOIUTH JI0 AESKOTO 3HIKCHHS MJIACTUYHOCTI HABITh MPHU
3pOCTaHHI BEIMYMHU HaKOMMUYEHOI IuiacTuyHoi aedopmanii. Ha nmporuBary BumpoGam Ha
HOBITpi, B CEPENOBHUINI CIIOCTEpiranu cTabiIbHO HM3bKE 3Ha4YeHHs ' (puc. 2, Kpusa 2), 10
MIATBEP/UKYE 3HAUHY UYTJIMBICTh MaTepially 10 BOJHEBOIO OKPUXYEHHs, BUsBIIeHY B [10].
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Pucynok 2. Brpara nmiacTHYHOCTI TOCHTIPKYBaHOI CTalli BHACTIOK HaBOJHIOBaHHS B cepenosuil Ca(OH), 3
pH 12,5 (xpuBa 2) mopiBHsSHO 3 BUIIpoOaMy Ha NOBITpi (kpuBa /)

Figure 2. Plasticity loss of the tested steel due to hydrogen charging in Ca(OH), solution with pH 12.5 (curve 2)
comparing to the test in air (curve /)

I3 anamizy 3mamiB (puc. 3) BUIUIMBA€E, IO TPIIIMHA HA TOBITPI 3apOJDKYBAIUCS B
IIEHTPI Iepepizy 3pa3KiB 1 pociu 10 OOKOBOT MOBEPXHI, POPMYIOUH 3JI1aM THITY Yallka—KOHYC.
Y cepenoBwWIi TpIlIMHA 3apojpPKyBajiacs Bil OOKOBOI IMOBEpPXHI 3pa3KiB, 30KpeMa Bil
MTOBEPXHEBUX UM MIAMOBEPXHEBUX JIS(DEKTIB.
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Pucynok 3. Makposnamu 3pa3kiB nepiitHoi craini EO (a, b), E4 (¢, d) Ta E7 (e, f) nicns Bunpo06 Ha moBiTpi
(a, ¢, €) Ta 3a HaBonHIOBaHHS (b, d, f)

Figure 3. Fracture maps of the tested steel EO (a, b), E4 (c, d) Ta E7 (e, f) after tensile tests in air (a, ¢, €) and
under hydrogen charging (b, d, f)

[Ticnst yTBOpEeHHS MOBEPXHEBOI TPIIMHHM PYHHYBAHHS JIOKATi3yBajiocs B NEBHOMY
nepepisi 3paska, a MoJaIbIIHA PO3TIT HEICTOTHO BILIMBAB Ha 3MiHY Horo reomerpii. Tomy B
CepEIOBHII OTPUMANN HU3bKi 3HAYCHHS BITHOCHOTO 3BY)KEHHS ', sKe B IbOMY BHITAIKY, IO
CYTi, XapaKTepu3ye OIIPHICTh CTAT 3apOPKSHHIO BOJHEBOI TpiuHU. [lesike 3pocTaHHS ' 3
MIBUAIICHHSAM Mipu XB MOXHa TOSCHUTH KpalluM CTaHOM OOKOBOI MOBEPXHI OOpOOJICHUX
MPYTKIB 1 MEHIIIOIO KUTBKICTIO MOYKJIMBUX OCEPE/IKIB TPIIIMHOYTBOPEHHSI.

I3 mpakTHYHOI TOYKH 30py MyXKE€ BaXKIWBO BII3HAYUTH, IO BTpaTa IUIACTHYHOCTI
JOCIIDKYBAHOT CTai Iij BIUIMBOM HABOXHIOBAHHs (PI3HHUIM MDK \y Ta ') € MEHIIOK B
KOMEPIIHHOMY BHCOKOMIITHOMY APOTi MOPIBHSHO 3 BUXITHOKO rapsS9IeKaTaHO0 CTAJLIIO.

He3anexHo Bij YMOB €KCIIEPHMEHTY, CTalb IIOYaTKOBHX eTamiB XB jaeMoHCTpye 3a
PO3TATY 130TPOITHY IMOBEIIHKY 1 BITHOCHO PIBHHI 371aM y MakpomaciiTadi. 3 MoAabIIor0
00poOKot0 (3pocTanHHsM cTyneHss XB) penped Makpo3inamy crae HEpIBHOMIPHIIIAM 3
BEJIUKOIO KUTBKICTIO TPEeOCHIB 1 00PO3CHOK.

Brius HaBogHioBanHs B po3unHi Ca(OH), Ha crajeBi MPyTKHA MPOSIBUBCS TaKOXK
MHOKHHHHM TIOBEPXHEBHM MIKPO3TPICKYBaHHSIM, HE BIIACTUBUM TaKUM CTAJISIM Y 3arajbHO
npuiHATOMY JiIs HaBoHIOBaHHS po3unHi NH4CNS [12]. Cnocrepiranu Tpu Mopdooriuai

87



BICHHK TEPHOIIUIbCbKOI'O HAIIIOHA/IBHOI' O TEXHIYHOI'O YHIBEPCHTETY. Ne4 (80) 2015

TANIA TPIIMH Ha OOKOBIM TOBEpPXHI 3pa3KiB MoOMU3y 3imamiB. HopmaibHO opieHTOBaHi
CTOCOBHO pO3TATYBAIBHUX HANPYXCHb TPIUHA TEPETHHATN IUITHKA 3 MIHIMAIbHOIO
KUTBKICTIO MDK(pa3HUX MeX, fKi, 3a3BWYai, Halypas3auBini 1o aii cepenoBuil (puc. 4 a).
bmymxde 10 TOBEpXHI 37MaMy 3’SBISUIUCS TPINMIMHU, OPIEHTOBaHI B Hampsmi il
TAaHTEHIIABHAX HANPYKEHb, 5Ki TEPEeTHHANN TeKCTypy crami (puc. 4 b). Ix BUHMKHEHHS
OB’ SI3aHO 3 TOJICTIICHHSM ITiJ] II€0 HAaBOJHIOBAJIHLHOIO CEPEIOBHIIA 3CYBIB Y MIOBEPXHEBHUX
mapax MeTally, IHTEHCHBHO HakJIernaHoro mia 4ac XB. YHacHigoK JOKaJIbHHX 3CYBIB Yy
B3a€MHO TMEPICHIUKYIAPHUX HampsMax Ta IX 3JHUTTS MDK COOOI YacTo BUHHKAIH
3ur3aronoioHi Tpimuau (puc. 4 ¢). [IpunycTimm, mo 3a NoJIOHIM MEXaHi3MOM 3apOTHITHCS
1 MakpOTpIIIMHA B 3pa3Kax, IO CHPHUSIIO PO3BAHTAKCHHIO MIKPOOO’€MIB 3pa3KiB MOOJIN3Y
31aMy 1 TPaKTUYHO TIPUIMHSIO PICT MIKPOTPIMH B HOro OKOJI 3a TOJAJIBIIOTrO
HABaHTAXKCHHS 3pa3Ka 0 pyHHYBaHHS.

Pucynok 4. Tunu noBepXHEBUX TPILIMH Ha 3pa3Kax
TIepITITHOT CTaJIl Micisl BUPOO Ha PO3TAT 3a
HaBOJHIOBaHHS B JIy>)KHOMY cepenosuiii 3 pH 12,5

Figure 4. Types of surface cracks detected on the
specimens after the tensile tests in the alkali solution
with pH 12.5 under hydrogen charging

BucnoBku. HaBOoJHEHHS NMPaKkTHYHO HE BIUIMBAE€ HA XapaKTEPUCTHKH MII[HOCTI
CTaJTi, OJTHAK CYTTEBO TOTIPIIYE MJIACTUYHICTH CTali 3a MOKa3HUKAMH BITHOCHE 3BY>KCHHS
Ta pIBHOMIpPHE BHJIOBXKEHHs. PyiiHyBaHHS TPYTKIB Ha TMOBITPI MOYHUHAETHCA BiXl ICHTPY
nepepi3y 3paska, a 3a KaToHOT MOJIIPU3aIlil — iHiIiHoBaHe OIS MOBEPXHI, IO CBIAYUTH PO
BU3HAYAJbHY POJIb MOBEPXHEBUX JC(EKTIB Y BHUIAIKy HABOJHIOBAHHS CTAJIbHUX MPYTKIB.
TpimuHEE B TONEPEIHBO HAKJICITAHOMY MaTepiayii 3a KaToJHOI moJsipu3alii MOXYTh
BUHHMKATH BHACIIZOK IOJICTIICHHS 3CYBIB y MOBEPXHEBHX IIapax METaly Il BIUIMBOM
HaBOJHIOBaHHS. CXWJIBHICTH CTall J0 BOJHEBOI'O OKPUXYCHHS CIIiJ] BpPaxoByBaTH 3a
KaTOJTHOT'O Ta MPOTEKTOPHOTO 3aXUCTY 3113006 TOHHUX KOHCTPYKIIIM.

Conclusions. Hydrogenation has no effect on strength characteristics of the tested
steel but worsens essentially its plastisity, reduction in area and uniform elongation in
particular. Wires fracture in air is initiated in the central part of the specimens while under
hydrogenation it originates close to the lateral surface, which proves a crucial role of surface
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defects in the case of steel wires hydrogenation. Cracks in the prestressing material could
appear under cathodic charging due to facilitation of share processes in the surface layers by
hydrogen. Steel susceptibility to hydrogen embrittlement should be taken into account using
electrochemical protection of reinforced concrete structures.
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JleonTiit ba0iii, kKaHA. TeXH. HAYK
Dizuxo-mexaniunuu incmumym im. I.B. Kapnenka HAH Yxpainu

TPUBAJIA MILHICTh 3BAPHUX IIBIB TEIJIOCTIAKUX CTAJIENA
Y T'A30M0JIBHOMY BOJIHI

Peztome. Oyinerno mpueany MiyHicmv pPisHUX 30H 36APHO20 3 €OHAHHS 30 CIMAMUYHO20 MA NOGMOPHO-
cmamuyHnoeo nasanmadicenus cmani 15X2M®PA i xapakmepucmuku nog3yvocmi nicis eunpod Ha nosimpi ma 6
cepedosuwyi 2a30n00i0H020 BOOHIO MEMAILY PI3HUX 30H 36APHUX 3'€OHAHb HCAPOMIYHUX KOHCMPYKYIUHUX cmaetl
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