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PIBUKO-XIMIYHI TA MEXAHIYHI ACIIEKTH MOHOJIITHOI'O
BYIIBHUITBA 3AJ/II3OBETOHHHUX CIIOPY ]

ExcniepuMeHTanbHi 10CHiHDKEHHS! KOPO3IMHOT0 CTaHy CTAJIEBUX EIEMEHTIB 3a1i300€TOHHUX KOHCTPYKIIIH
B OeTOoHaX Ha MOPTIAHJICHKUX 1 MUIAKOMOPTIAHACHKUX LeMeHTiB. [leski Bumaaku aganTauii 3amizodeTo-

HY.

DKCIEepPUMEHTANBHBIC UCCICTOBAHUS KOPPO3UOHHOT'O COCTOSHUS CTABHBIX SJIEMEHTOB JKEIe300C€TOHHBIX
KOHCTPYKIIMI B OETOHAX HA MOPTIAHJICKUX W NMUIAKOMOPTIAHACKUAX IEMEHTOB. HekoTophie ciayuan ajarn-
TaIlWU XKene300eToHa.

There are corrosion state of the reinforced steel in the portlandcement and portlandblast-slag cement.
Same exampl adaptetion of the reinfoced concret.

Hezaxwuiene 3a1i30 Ta cTajib MiAJATAIOTh M1 KOPO31MHOTO BIUIMBY Y OLIBIIO-
CTl cepeloBull, Ta Tpebda cKa3zaTH, 10 CTYNiIHb KOPO3IMHOrO0 pyWHYBaHHS 3aje-
XKUTh B psiAy (akTopiB, HAUOUIbII BaXKJIMBUMHU 3 KOTPUX € CKJIaJ METaly, CTaH
HOro moBepxHi, BJIACTUBOCTI arpeCMBHOrO CEPEJOBHINA Ta JIOKaJIbHI YMOBH €KC-
TTyaTarii.

SIKII0 pO3rIsiaTH 3aICKHICTh SKOCT1 METaJeBHUX CILJIaBIB BiJ iX CKJay, TOJI
3aJl13H1 CIJIaBM MO>KHA PO3JUIMTH HA TPU BEIMKUX IPYIU: 3BUYAHI YaBYHHU, BapoO-
YHE 3a1130, cTaM 0€3 JoJaBaHHA Jieryounx no0aBok. Ili marepianu jerko mijaaa-
I0ThCsl KOpo3ii. Hu3bkoisierosani crani, 3 100aBKaMu Mijil, XpOMY Ta HIKEJIO, BMIC-
ToM 2 — 3 % Jserytounx m100aBOK TaKOX JIETKO IMUISATAI0Th KOPO3ii, ajae mpu 3BH-

YallHUX YMOBAaX JIOCUTb JIOBIO €KCILTyaTyIOThCsl. Taki HU3bKOJIETOBAH1 CTalll Ha3u-
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BaIOThCS cTapitouMMu. HepikaBitoul cTail 3 BUCOKHM CKJIAJO0M JIETYIOUHX KOMIIO-
HEeHTiB, Hanpukiaa — 18 % xpomy, 8 % nikento Ta 3 % MonibaeHy — IIi cTaji B at-
Moc(hepHHX YMOBaxX € MPAKTUYHO HEPHKABIFOUMMU. 3BUYANHI CTall MPEACTaBISIOTh
co0010 CIJIaBM 3alli3a 3 BYIJIEIEM Ta HEBEIMKUMHU JOOABKaMU 1HIIUX €JIEMEHTIB,
TaKuX SIK MapraHelb Ta KPEeMHiH, 10 BBOJATHCS ISl MOKPAIIEHHS MEXaHIYHHUX
BJIACTUBOCTEM;a Takoxk (ocdopy, M0 3MEHIIYE KPUXKICTh CTAJIEBOrO CIUJIABY Ta
3yNUHSE BOAHE OXpyNadyBaHHs Ta TEPMIUHY KOPO3IIO.

CrasieBi cIIaBU 3aji3a BUILIABISIIOTH 3 CYMIIll YaByHa Ta JIOMY CTaJeBOTO 3a-
Ji3a, OpHU IIbOMY YacTHHA BYTJEI0, CIpKU Ta (ochopy OKHUCIIOETHCS Ta BiJIBO-
JUTHCS 3 JOMEHHUM Ta30M.

KinneBy mpoaykiiito OTpUMYIOTh TICTSl TapsSyoro MpoKaTy, IpoTIryBaHHs a0o
KOBKHU. Y mpoiieci 0OpoOKU MOBEPXHS CTajll OKUCTIOETHCS KUCHEM MOBITPS Ta Ha
HI YTBOPIOETHCS OKCUJIHA MIIIBKA, II0 MOXE CYTTEBO BIUIMBATH HA KOPO31I0 CTAJI.
VY 3a11300€TOHHUX KOHCTPYKIIISX 1[I OKCHUJIM, a00 BTOPUHHA OKaJWHA, SBIISIOTHCS
BHYTPINIHIM pe3epBoM amantaiii [1 — 7] y cuctemi "6eToH-3ami30" mipu KOpo3iid-
HUX Mpoliecax Ta MOKPANIyIOTh 34UETUICHHS apMaTypH 3 3aXUCHUM IapoM OETOHY,
[0 TaKOX SIBJSIETHCA MPUKIAIOM ajantailii. BTopuHHa okanuMHa CKIAJa€ThCA 3
TPHOX IIAPIB OKUCIIB 3a]i3a 3 3pOCTAIOUOI0 OTYIMIHHIO OKUCIEeHHs. Cula OKUCIICH-
HS 3pOCTa€ y HAMpPsIMKY BiJ HMKHBO1 JO BEPXHbOI MOBEPXHI IIIBKUA. BHYTpimH1A
Iap CKIAJaeThes 3 3akuci 3amiza aBoxBaieHTHoro (FeO); cepenniit 3 MarHeTury
(FeO-Fe,03), abo cymimri okuci 3amiza apoxBanieHTHOro (FEO) Ta TphOXBAJICHTHO-
ro (Fe,O3); Ta BepxHil mIap CKIAJA€ThCA 3 OKHCIIB 3ajli3a TPhOXBAJICHTHOTO
(Fe203) [1 — 7]. TunoBa BTOpHHHA OKaJIMHA Ma€ TOBIIMHY 50 MKM Ta MICTUTh IIPH-
omusno 70 % 3akwuci 3amiza (FeO), 20 % marueruty (FeO-Fe,O3) ta 10 % oxwuci
3amiza TpboxBasieHTHOTO (Fe;03) [9]. HasiBHICTH Takoi MOBEPXHEBOI IUTIBKH Y JTIy-
YKHOMY CEpeJIOBUIII OETOHY MOKE 3aTPUMYyBaTU KOPO3iiH1 MpollecH TpUBAIUi Yac,
00 YIIPOYHIOETHCA MIApOM OETOHY, MIJIATrae KoJabMaTallli KOMIIOHEHTaMH ITOPOBO-
ro po3urMHy OETOHY Ta IHTErpailii B XIMiUHy CHUCTEMY «OETOH-CTajeBa apMaTrypa»
3anizo0etony. CTaneOeTOHHI KOHCTPYKIIi, 1[0 €KCIUTYaTyIOThCsl Y MOPCHKUM BOJII,
MarOTh MPOIIECH B3aEMOJIII HE TUIBKH 3 XIMIYHO-arpECUBHUMHU PO3YMHAMH, a I U
MEXaHIUHYy 3arpy3Ky BOJHHMH MOTOKaMH, TAKUMH SIK XBWJIl, MOPCBKI Te4ili, MpHU-
IJIMBY Ta BiAuBH. L{e Bce 3yMOBIIIOE SBUIIE CTOMJICHHS. 3'SIBJSETHCS CyMa SBUIIA
CTOMJICHHSI Ta (P13UYHOT 1 XIMIYHOT KOPO31i, MepiOIUYHOTO 3BOJIOKYBAHHS Ta BU-
CYyIIlyBaHHS, Cylb(aTHOrO Ta XJIOPUAHOTO PYyHMHYBaHHA. 3a JIOMOMOIOI0 €KCIEpH-
MEHTY BCTAHOBJICHO PO3MIP €JIEKTPOXIMIYHOTO MOTEHIliaNny, JOPIBHIOE aKTUBHOMY
CTaHy CTajl, IpU SKOMY Mae€ Miclie kopo3id. @opMyBaHHS Ta BIAKIAACHHS Yy Tpi-
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nMHaxX OETOHY, L0 €KCIUTYaTyeThCSl Y MOPCBHKIM BOAL, COJieH KaJbLII0 Ta MarHiro
pOOUTH OLIBII MIUIBHY CTPYKTYPY, 110 J0OPE BILUIMBAE HA JOBrOBIYHICTH 3ali300e-
TOHHUX KOHCTpYKIii. KapOoHizalisi Bukiukae 3HuKeHHs pH OeToHy 1 mpucko-
pPEHHS KOpo3ii apMaTypH, 0COOJIMBO B YMOBaxX MPUCYTHOCTI MOPCHKO1 BOJM Ta KHU-
cHio. [ mnbuna kapOoHizaIlli BU3HAYAETHCS 3aJIEKHICTIO!

Dc = AV, (1)
ne t — gac kapOoHizalii; A — Koe]iieHT MBUAKOCTI KapOOHi3aIlii.

MoHiTopuHT rIuOuHU KapOoHi3allii 3a11300€TOHHUX CIOPY 3 CTPOKOM €KC-
mryatamnii 10 — 60 pokiB mokazaB, IO ISl 30BHINTHIX YYaCHUKIB KOEQIII€HT
MIBUAKOCTI KOpo3ii ckiaB 5 — 10 mm Ha pik. ToHkMI 3axucHuil map 6€ToHy Ta HU-
3bKa SIKICTh 3aXMCHOTO CJIOI0 OETOHY MOK€ BUKJIMKATH KOPO31I0 apMaTypu Ta pyi-
HyBaHHs OeToHy. lleit mpoiiec Moxke 1HTeHCU(IKYBATUCH MiJ J1€F0 MOPCHKOT COII,
110 MPOHUKAE 3 OTOUYKOUOTO CEpeAOBHUINA. Y 3B'I3Ky 3 IIUM CTaHIApPT SMOHCBHKOI
Acoriarii ByniBauITBa 00MEX)KY€E BMICT MOPCHKOT codii y 6etoHi — o 0,04 %, xonu
apMmarypa He Mae creniaabHoro 3axucty 1 10 0,1 % nns apmaTypu 3 cremiaibHIM
3axucToM (9).

JIJiss BUTOTOBIIEHHST pOOOYUX E€IEKTPOIiB B3sutH 3pazku crani Ct 3, sk mpu-
KJIaJl apMaTypHOI CTalll, 110 €KCILTyaTyeThCs B 3BUYAMHUX YMOBaX, HampuUKIa Y
HEHAMPYKEHUX OTPAXJAI0UMX MaHENIIX Ta KOHCTPYKIAX mokpisdi. [lnoma podo-
401 MOBEPXHI ckiana 1 oM’ Ilepen TecToM MOBEPXHS pPOOOYOrO E€IEKTPOIY UHC-
TUTHCS HAXJAYHUM MamipoM, 00€3KUPIOETHCS €TUIOBUM CHUPTOM Ta MPOMUBA-
€THCSl TUCTUIHLOBAHOIO BOJI0K0. [loTEHIII0AMHAMIYHE MOJIETIOBAHHS POOMIIH 3a J10-
nomororo rotenIfiocrata PI 50 3 mporpamatopom PR-8. llIBuakicTe tuHAMIKH TMO-
TeHIllany ckiagae 5 MB/c, 3MiHa cTpyMy (IKCYEThCS ABOXKOOPJIUHATHUM PETUCT-
pytouum npunagom PDA-1. Buznauenuii CTpyMm npu 1IbOMY Ma€ 4acTKOBE B1JHO-
IIEHHS JI0 TEOMETPHUYHIN MOBEPXHI JOCIIIKYEMOI0 3pa3ka. ¥Yci 3aMipu poOJIsSIThCs
y CKJIISTHOMY eNeKTpoxiMidyHoMy enemeHTi ISE-2. JlomoMikHuUl enekTpoa 3poodie-
HUWA 3 TUTaHy. EnexTposoM 3piBHIOBaHHS CIYKUTh HAaCHUYEHUH XJIOPOCPIOHUMN
CJIICKTPOJI, MOTEHIIia KoTporo gopiBHioe 0,2 B. Yci 3HaueHHsS MOTEHIlIATIB paxy-
IOTHCS 110 BOJHEBOMY (CTaHIApTHOMY) elleKTpoay. BusHaueHus piBHs pH 3mitic-
HIOEThCA 3a qomoMoror pH-merpy pH-150. Pe3ynsTaTom ekcriepuMeHTy € MOoJIeTh
MOPOBOTO TBEPAOTO PO3UMHY OETOHY 3 TAPHUMHM 3aXUCHUMHU SIKOCTSIMU Ta BUCOKOIO
ayxHicTio (puc. 1).
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Puc. 1. AnonHi noTeHUianoAMHAMIuH1 KpuBi i ctaii CT. 3 mpu MBUAKOCTI pO3BEPTKU
noreHuiany 5 MB/c B pozunni NaOH nipu konuentpartii NaCl:
1-09%, 2-0,025 % (0,0043 mous/nm’), 3 — 0,075 % (0,013 mons/nm’),
4-0,1 % (0,017 momb/am°), 5 — 0,3 % (0,051 moms/mm®), 6 — 0,7 % (0,112 moms/mm°),
7-1% (0,17 MOJIB/,Z[M3), 8-3% (0,512 MO.III:./I[M3).

[Tpu nomaBanHi 2 % nmoGaBku Cynb(aTy HATPIIO IO BUCOKOIYKHOTO ITOPOBO-
ro PO3UYMHY TaKOX 3MOJICJIbOBAaHE BUMAJOK MPOHUKHEHHS CyJlb(GaTHUX BOJA Kpi3b
3aXMCHUY 1ap OETOHY, Ta OTPUMAaH1 JaHl €JIEKTPOXIMIYHUX MPOLECIB y MpuapMma-
TypHOMY LIapi OETOHY, 110 MOKa3ajo IHrI0Yyrovy Jit0 cylb(aTHUX 10HIB Ha CTaJe-
BY apMarypy 3ai300€TOHY, 1 11€ € EKCIIEPUMEHTAIBHO MPOLTIOCTPOBAHUM IPHUKIIA-
70M ajanTaiii 6eToHy (audys3iiiHa CIPOMOXKHICTB), aJanTaiHHAX MEXaHI3MiB 3a-
T1300€TOHY 1 poOOTY cUCTeMH OETOH-IPOAYKTU NUPY3ii Ta POZUMHEHHS CTAJIEBOI
apmatypu [3, 4], Ak eneKTpOXiMIYHOI SYCHKH, poOOTa K0T HampaBjcHa HA MacH-
BAIIlIO 3aj1i3a 1 3MEHIIEHHS MBUIKOCTI KOPO31i Ta aJanTaiiifHOCTI apMaTypHOi He-
HAPYKCHOT CTaJIl y eJIeMEHTax 3aIi300€TOHHUX KOHCTPYKIiH (puc. 2).

Takoxx OyB pO3TIAHYTUH €KCIIEPUMEHTAIBHO CIPOIICHUN BHUIIAI0K, KOJHU 3a-
XUCHUH 11ap OETOHY MOBHICTIO KapOOHI3yBaBCs 1 BTPATUB CBOI 3aXKMCHI BJIACTUBO-
CTi, IKi 3a0€31eUYIOTHCSI BUCOKOIO JTY>KHICTIO IIOPOBOTO po34rHy OeToHy [3, 4].

Jlist Toro, o6 Kparie UTIOCTpyBaTH MOJAEIbOBAHUM Clydail MOMaaHHs XJIO-
pUIIB B MpUapMaTypHUll map OETOHY, SK 1€ XapaKTEepPHO Uil MOPCHKUX CHOPY;
Ha JIOPOKHIX MOKPUTTSX MPU 3aCTOCYBaHHI aHTUIBLOJOHUTOPIB; aTMOC(hEepHi arpe-
CHUBHI JIOIII1 3 PO3UMHEHUMU MPOIYKTaMu aTMOC(HEpPHOro 3a0pyaHEHHS JUIsl MOKPi-
BEJIb 3 3aJ11300€TOHY — aHO/IH1 MOTEHI[IOMETPUYH1 KPUBI IIPH iX aHaN131 MOKA3yIOTh,
[0 Ha MOBEPXHI1 apMaTypHu YTBOPIOETHCS MOTEHIIAN, KOJW BOHA 3HAXOAUTHCA Y
OETOHI.

[Ipu 3acToCcyBaHH1 KJIACUYHOTO YSBJICHHS TEMHUYHOI €JIEKTPOXiMii y 3a0e3-
MEYEHH1 aJIalTUBHOCTI O€TOHY, MOKHA 3pOOUTH BUCHOBOK, 1110 MEXaH13M T'HYYKOTO
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3CYBY MOTEHIlIANly TaKOXk Tpeba po3risiaT K MPUCTOCOBYBaHHS abo ajarTallilo,
pu poOOTI 37113006 TOHHOT CUCTEMHU.
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Puc. 2. AnonHi noTeHuianoAMHaMIuH1 KpuBi 1uig ctani CT. 3 Ipu MBUIKOCTI

QO, P

po3Beptku noteniiany 5 MmB/c B po3unni NaOH ¢ no6askamu NaCl (1 —4) ta
2 % NaySO, (1'— 4'), xonnenrpanis NaCl:
1,1'- 0,1 % (0,017 mons/mm’), 2, 2' = 0,3 % (0,051 mons/mm’), 3, 3'= 0,7 % (0,112 mons/mm’),
4, 4' - 1% (0,17 mous/am)

@DakTUYHO y BUMAJAKY KOJU aHAJII3yIOThCSl aHOJIHI1 MOTEHI[I0IMHAMIUHI KPUBI1
JUTSL CTaJll y PO3UYMHI XJIOPUAY HATPIIO Y MAJOTY>KHOMY PO3UYMHI MOYXHA CTBEPIKY-
BaTH, 110 3CYB MOTEHUIAJIB € TAKUI CaMMii, K 1 AJI1 HE3aXUUIEHOT 3aJI13HOT apMa-
TYpPHOI CTaJIl.
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