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AHHOTauusa

BeepneHnue. Tecok MHornx MectopoxaeHuit, ocobeHHo JanbHero BocToka Hallel cTpaHbl, cofep>XuT bonb-
LI0€ KOMMYeCTBO XJI0PUA0B, YTO He MO3BOJNIFET UCMOb30BaTh ero B cocTaBe xene3obeTtoHa. CBA3aHo 370 €
TEM, YTO XJI0PMA-NOHbI BNAOTCSH Hanbonee arpeccnBHbIM KOPPO3MOHHBIM areHTOM MO OTHOLLEHUIO K CTallb-
Hol apmaType. B nabopatopuu Koppo3vu U [ONroBe4YHOCTU DETOHHbIX U >KeNne300eTOHHbIX KOHCTPYKLMA
HUWMXB mm. A.A. TBo3neBa bbinn npoBefeHbl UCCef0BaHMS npolecca KOPpo3UnM CTallbHOW apMaTypbl B
BeToHe 1 LLeMEHTHO-NecYaHo CMecu, B COCTaB KOTOPbIX BXOAWIT MECOK C BbICOKMM COLEPXKaHWEM X0pPUL0B.

Llesib. OnpefenerHne BO3MOXHOCTU UCMOJb30BaHNS nNecka MecTopoxxaeHuin KamuaTtckoro kpas B coctaBe be-
TOHOB C TOYKW 3PEHMS KOPPO3MOHHOM arpeccuu K cTainbHoi apMmartype.

Matepuansi u meTogbl. ViccnenosaHus NpoBOAMSIUCE Ha MOAENLHOM LieMeHTHO-NecyaHoi cMecy (LNC) n betoHe
C rafKo CTepXKHEeBOM apMaTypoi amametpoM 6 MM. Mecok copepxxan 0,08 % Macc (B nepecyeTe Ha MoH xsiopa)
BogopacTBopuMbix xnopuaos v 0,55 % macc (B nepecyeTe Ha MoH xsiopa) oblee KoNMYECTBO XJI0PUAOB B MECKe.
[Ins uccnefoBaHuin bbl1 NPUMEHEH 31eKTPOXMMUNYECKUIA METOZ, YCKOPEHHOT0 OnpefesieHnst KOpPO3MOHHOTO fel-
CTBUWSI Cpefbl Ha CTasibHy0 apMaTypy. MeToa oCHOBaH Ha MoslydeHWn 3aBMCUMOCTU MIOTHOCTU 3N1EKTPUYECKOTo
TOKa OT 3/1eKTPUYECKOr0 MoTeHLMana CTasbHOM apMaTypbl — NOTEHLMOANHAMUYECKNIA METOL.

Pe3ynbtatsl. ViccnepoBaHHbIN Mecok C BbICOKUM COAEPXKAHWMEM HEPaCTBOPUMbIX B BOAE XJIOPUAOB HE Bbi3bl-
BaeT KOPPO3MM CTasbHOM apMaTypbl MpW HaxoxaeHWn obpa3Los B HearpeccueHoi (HelTpanbHon) cpege.
B MCX0LHOM COCTOSIHUM W BbILEPXKKE B PEXMME «yBIaXXHEHWE — BbICYLUMBAHWE» B TeyeHue 3, 6 MecsLeB
H¥ B 0bpa3uax LeMeHTHO-MecYaHon cMecH, HM B obpasuax b6eToHa NIOTHOCTL TOKa NpuW NoTeHuKane niatwc
300 MB, He npesbicuna 10 MkA/cM?, a Takoke noTeHuman yepes (60+5) c nocsie oTKIIOYEHUSA TOKA HE CHU3MIICS
HuXe + SMB.

Bbiogbi. [ecok ¢ NMoBbILEHHbIM COLEPXKaHWEM HEPacTBOPMMbIX B BOLE XJIOPMAOB MOXHO PEeKOMEHA0BaTb
LNsi UCMONIb30BaHMS B )XeNe306eTOHHbIX KOHCTPYKLMSAX, rapaHTUPOBAHHO He KOHTAKTUPYIOLLMX C arpeccuB-
HOW Cpefol Aaxke B MpoLecce aKcrnyaTaumu.
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Abstract

Introduction. The sand of many deposits, especially in the far east of our country, contains a large amount
of chlorides, which makes it unsuitable for use in reinforced concrete. This is because chloride ions are
the most aggressive corrosive agent for steelreinforcement. The Laboratory of Corrosion and Durability
of Concrete and Reinforced Concrete Structures at the A.A. Gvozdev Research Institute of Concrete and
Reinforced Concrete Structures conducted research on the corrosion of steel reinforcement in concrete
and cement-sand mixtures that contained sand with a high chloride content.

Aim. To determine the possibility of using sand from the Kamchatka Territory deposits in concrete mixtures
in terms of corrosion aggression to steel reinforcement.

Materials and methods. The studies were conducted on a model cement-sand mixture (CPM) and concrete
with smooth rod reinforcement of 6 mm in diameter. The sand contained 0.08 % by mass (based on chlorine
ion) of water-soluble chlorides and 0.55 % by mass (based on chlorine ion) of total chlorides in the sand. An
electrochemical method was used to accelerate the determination of the corrosion effect of the environment
on steel reinforcement. The method is based on obtaining the dependence of the electric current density on
the electric potential of the steel reinforcement, which is known as the potential-dynamic method.

Results show that sand with a high content of water-insoluble chlorides does not cause corrosion of steel
reinforcement when the samples are in a non-aggressive (neutral] environment. In the initial state and
exposure in the humidification - drying mode for 3, 6 months, neither in the cement-sand mixture samples
nor in the concrete samples, the current density at a potential of plus 300 mV did not exceed 10 pA/ cm?, as
well as the potential after (60 £ 5) s after the current was turned off did not drop below + 5mV.

Conclusions. Sand with a high content of water-insoluble chlorides can be recommended for use in reinforced
concrete structures that are guaranteed to be free from aggressive environments even during operation.
Keywords: corrosion, sand, cement-sand mixture, chlorides, reinforced concrete, steel reinforcement,
potentiodynamic method, composite reinforcement
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BBepeHue

Ilecok pazmmuaeTcs 1Mo MeCcTy HOOBIYM: PEeUHOM, MOPCKOH, KaphepHBIH. Ecim kapwep-
HBIM M PEYHOMU MECKH, KaK MPaBUIO0, COAEPIKAT MaJIO XJIOPHUIOB, TO MOPCKOM MECOK UMEET
BBICOKO€ MJIM OYCHB BBICOKOE comeprkanue xjaopunoB. ITo T'OCT 8736-2014 «Ilecok mis
CTPOUTENBHBIX padboT» [1] comeprkaHue BOIOPACTBOPUMEBIX XJIOPHIOB HE JTOJKHO OBITH 60-
nee 0,15 % macc.

B poccwuiickux u 3apyOeXHBIX CTaHIapTax COAEp)KaHWE XJOPHIOB B OETOHE W JKee30-
Oerone orpaHuueHo. Tak, HOpMaMH JIOITyCKAaeTCs Colep)KaHhe XJIOPHIOB B OeToHE HE Oojee
1,0 % macc. o OTHOIIEHWIO K Macce IeMeHTa, B Poccmiickoit denepaiuu B COOTBETCTBHH C
CII 28.13330.2017 [2], B CILIA ¢ ACI 318-14 [3], B EBpome ¢ EN 206-1-2013 [4]. B xemne3o-
OetoHe ¢ HeHarpsiraeMoil apmarypoit He 6omee 0,4 % Macc. TI0 OTHOIIIEHHIO K Macce IIeMeHTa
B P® u EBpomne; He 6omee 0,15 % macc. — B CIIA. CBs3aHO 3TO ¢ TE€M, YTO XJIOPHI-HOHBI
SBIISTIOTCST HanOoJiee arpeCcCUBHBIM KOPPO3UOHHBIM areHTOM I10 OTHOIIEHHIO K CTaIbHOW apMa-
Type. Koppo3ust apmarypsl Ipu MOBBIIIIEHHOM COAEPYKaHUU XJIOPUOB B JKEIIE300€TOHE MOXKET
HAYUHATHCS Ccpa3y MOCJe MU3TOTOBJICHUS KOHCTPYKIIHMA, YTO MPUBOAMT K IMPEKIECBPEMEHHOMY
Pa3pyLICHUIO KOHCTPYKLIMH.

ITecox comep > uT /1Ba BUa XJIOPHUIOB: BOJOPACTBOPUMEIE (OOIBIIMHCTBO HEOPTAHHIECKUX
XJIOPUJIOB) ¥ HEPACTBOPUMBIE B BOJIE XJIOPUABI. BomopacTBOpUMBIE XITOPH/IBI MOXKHO YIAINUTH
13 TIECKa ITPOMBIBKOM M CHU3UTH WX copepikanne Hmke Tpedyembix 0,15 %. C HepacTBOpUMBIMU
XJIOpAJAMH HECKOJIBKO CIOKHEE M TIONY4IHTh TpeOyemble He Oomee 0,4 % B jkene300eToHe mpak-
TUYECKU HEBO3MOXKHO yike mpH 0,4 % comepkaHus XJIOPUIOB B TIECKE.

B Hamiei#t crpane ecTh MHOTO 00JIacTel (M TOCTaTOYHO OONBIINX, Harpumep, Kamyarckuit
Kpaii), T7Ie eCTh TOJIBKO MOPCKOH MECOK C BEICOKUM COAEPIKAHNEM XJIOPHJIOB, & TaK KaK UCITOIb-
30BaHUE KeIe300eTOHA B CTPOUTEIHCTBE MIPOUCXOAUT U B ATHUX MPUMOPCKUX OONIACTSIX, MTECOK
MIPUXOIUTCS 3aBO3UTH U3/IAJIEKA.

MaTtepuanbl 1 MeToAbl

Corpynaukamu HUMKB um. A.A. 'Bo3aeBa 06T TIPOBEACHBI HCCICAOBAHMS 10 BIIHS-
HUIO HEPACTBOPHUMBIX XJIOPHUIOB B MECKE Ha MPOIECC KOPPO3UHU CTaIbHOW apMmaTypsl. Mc-
CIICTOBAHMUS TPOBOMMIIMCH HAa MOJEIBbHOW IeMeHTHO-mecdanoi cmecu (III1) m Getome ¢
TIIaaKOM cTepKHEeBOM apmaTypoit nuametpom 6 mMm. Ilecok comepxan 0,08 % macc. (B me-
pecyeTre Ha MOH XJI0pa) BOAOPACTBOPUMBIX xsopuaoB u 0,55 % macc (B mepecyeTe Ha NOH
XJopa) obIIee KOJIMYEeCTBO XJIOPUAOB B mecke. [l nccrnenoBaHnii OBITH MPUTOTOBICHBI:
LII cmech ¢ comepkanueM xmopuaos 1,5 % macc B mepecdeTe Ha HOH XJIopa K Macce Ie-
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MeHTa u OETOH C cofepkanueM xjopunoB 1,5 % macc B mepecuere Ha HOH XJIopa K Macce
nmeMeHra. M3roTosieHnne u ucusITaHus o0pa3ioB npoBoauinchk mo 'OCT 31383-2008 [5].
s uccnenoBaHuii OBIT TPUMEHEH DIEKTPOXUMHUYECKHI METOJ] YCKOPEHHOTO OMPEICIICHIS
KOPPO3MOHHOTO JEWCTBUSA CPEIbl Ha CTAIbHYIO apMarypy. MeTol OCHOBaH Ha TONyYeHUHU
3aBHCHMOCTH TUIOTHOCTH DIIEKTPUYECKOTO TOKA OT DIEKTPUUYECKOTO MOTEHI[Mala CTaIbHON
apMarypsl — MOTEHIINOANHAMUYECKUN METOI.

CdopmoBannabie 00pa3mns! mpusMel LIIC 4 x 4 x 16 cm u Getora 7 X 7 X 14 cM BBHI-
JIEepKUBANUCH 28 CyTOK B KaMepe HOPMaJIbHOrO TBepAeHHUs. [Ipu n3MepeHUusix B KaxI0M
OTBITE MCIIOIB30Balid TPU NapalieNbHBIX oOpa3sma. Ilepex cHATHEM MONSIPHU3AITMOHHBIX
KPUBBIX 00pa3mbl BAKYyMHUPOBAIMCh W HacHIMAINCh BoAoi. [loaroToBineHHBIH 00Opaselr
yCTaHABIMBAJIN B AJIEKTPOXUMHYECKYIO sueiiky. [lo momydyeHHBIM pesynbTaTaM CTPOUIH
MOJISIPU3ANMOHHYIO0 KPUBYIO B KOOPJWHATAX: MIIOTHOCTh TOKA I, MKA/CcM?— TIOTEHIMAT pa-
6ouero anekrpona E, mB.

Koppo3nonHoe cOCTOsTHHE CTaNbHOW apMaTyphl ONPENeNsin M0 IMOoKa3aTelsaM, puBe-
nenubiM B 'OCT 31383-2008 B cpoku:

1. cpa3y mocie u3bATHS U3 KaMephl HOPMaIbHOTO TBEPACHUS;

2. yepe3 3 MecsIa BBIAEPKKH B PeKMME BOJOHACKHIIIICHUS—BBICYIITUBAHUS;

3. depe3 6 MecsIIeB BBIICPKKH B PEXKIME BOJTOHACHIIIIEHNUI—BBICYIIBAHNA. Pe3ynbraTe
HCTBITAHWH MPUBEACHBI B Ta0mIax 1, 2.

Tabnanya 1

PesynbTaTbl ucnbiTaHUi 06pa3L0B LLleMEHTHO-Nec4YaHol cMecu
Table 1

Test results of cement-sand mixture samples

06pa3subl LeMeHTHO-Nec4YaHou cMecu

Mokasatenb

ucxogHoe coctosgHue yepes 3 Mecsina yepes 6 MecsiLeB

MA0THOCTL TOKa NpY NOTeHUMane Nc

300 MB, MkA/cM? 58 1.9 0.9
MoTeHuman yepes (60£5) c nocne
OTK/It0YEHNA ToKa, MB

+300 +510 +540

KoppoauoHHoe cocTosiHWe cTasnbHOro
CTepXHS!

MaccusHoe cocToaHme | [MaccuBHoe cocToaHMe | lNaccuBHoe cocTosiHMe

Tabnnya 2

PesynbTaThbl ucnbiTaHui o6pasuoB 6eToHa
Table 2

Test results of concrete samples

06pasubl 6eToHa

Mokasatenb

ucxopgHoe coctosHue

yepes 3 MecsLa

yepes 6 MecsiLeB

MNoTHOCTL TOKa NpW NoTeHUMane Nac
300 MB, MkA/cm?

2,5

1.1

0,9

MoTeHuman yepes (60+5) c nocne oTkio-
yeHusa Toka, MB

+420

+510

+540

KOppO3MOHHO€ COCTOAHME CTaJiIbHOIO
CTepPXKHA

MaccuBHoe cocTosiHNe

MaccuBHoe cocTosiHNE

MaccuBHoe cocTosiHNE
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Puc. 2. AHogHble Nonapm3aLmnoHHble KpMBble CTanm
B beToHe nocne 3 MecsALEeB UCTbITaHWI B peXxuMe
NepeMeHHOro YBIAXHEHUS U BbICyLIMBaHWS
Fig. 2. Anodic polarization curves of steel in concrete
after 3 months of testing under variable wetting and
drying conditions

Puc. 4. AHopHble Nonapu3aLmoHHble KpMBble CTanu
B PacTBOPHbIX 06pa3liax B UCXOAHOM COCTOSIHUM
Fig. 4. Anodic polarization curves of steel in solution
samples in the initial state

Ha puc. 7 nokazaHo COCTOSIHME CTaJIbHOM apMaTyphl OCIIE BBIIEPKKH B IECUaHOM I'PYHTE,
conepxateM 0,25 % BOIOPaCTBOPUMOIO XJIOpHUJA B TEUEHHE 3 MECALEB: BUAMMAs KOPPO3Usl.
Ha puc. 8 mokazano cocrosiuue cranbHOM apmatypbl B oopasnax LIIIC u GetoHa ¢ BEICOKUM
coJiepXaHMeM He paCTBOPUMBIX B BOJIE XJIOPHJIOB MOCJE BBIAEP)KKH B TeUeHUE 6 MECSIIEB B pe-
JKUME BOJIOHACHIIIEHNS BBICYILIMBAHUS: KOPPO3HS OTCYTCTBYET.
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Puc. 5. AHopHble Nonapm3aunoHHble KpyBble CTanm
B pacTBOpHbIX 0bpa3uax

nocne 3 MecsiLleB UCMbITaHW B peXXMMe nepeMeHHoro -
YBJIaXHEHWS W BbICYLUIMBAHUS
Fig. 5. Anodic polarization curves of steel in solution Puc. 7. CocTosiHue cTanbHoro ctepxHs nocne 3 Mecsiles
samples after 3 months of testing in a mode of BbIAEPXKKM B Cpefie HeMonHOro BOAOHAChILLEHNS
alternating humidification and drying B FPyHTE — 3aCOeHHbI necok ¢ cogepxaHueM 0,25 %

X/I0PUCTOr0 HATPUS
Fig. 7. The condition of the steel rod after 3 months
of exposure to an environment of incomplete water
saturation in the soil is saline sand with a 0.25% sodium
chloride content
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Puc. 6. AHofHble MONApU3aLIMOHHbIE KpUBbIE CTanu
B pacTBOPHbIX 0bpa3Liax nocne 6 MecsiLleB UCMbITAHUI
B peXMMe NepeMeHHOro yBAaXXHeHUs 1 BbICYLUMBAHUSA
Fig. 6. Anodic polarization curves of steel in solution

samples after 6 months of testing in a mode of
alternating humidification and drying

Puc. 8. CocTosiHue cTepxHel 13 06pa3LLoB LLeMeHTHO-
necyaHomn cMecu Yepes b6 MecsiLieB B pexxuMe
yBNaXXHEHWs — BbICYLIMBaHUSA
Fig. 8. The condition of the rods from the cement-sand
mixture samples after 6 months of wetting and drying

3akniouyeHue

ITo pe3ynbpTaram MpOBEEHHBIX HCCIEIOBAHUN MECOK C BHICOKUM COJIEpKAaHWEM Hepac-
TBOPUMBIX B BOJI€ XJIOPUJIOB HE BBI3BIBAET KOPPO3HUH CTATHHOM apMaTypsl MIPH HAX0XKICHUU
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00pa3moB B HEarpeCCUBHOMN (HEUTpaIbHOI) cpeae. B HCXOMHOM COCTOSHUH M BBIACPIKKE B
pexuMe yBIaXKHEHUS — BBHICYIIMBAHUSA B TeUeHHUE 3, 6 MecsleB HU B 00pa3lax IeMEeHTHO-
IecyaHol cMecH, HH B o0Opasiax 0eToHa IIOTHOCTh TOKa MpH moteHInane mroc 300 MB,
He npeBbicuna 10 MKA/cM?, a Takxke moTeHIMan yepe3 (604+5) ¢ mocne OTKIIOYSHUST TOKA
He CHHM3MJICA HIbke + SMB. DTo TOBOPUT 0 TOM, YTO Takue CMeCH U OETOH He BBI3BIBAIOT
KOPpPO3HH apMaTypHBIX CTepKHEH. Tem He MeHee, HearpecCUBHAs cpefia — 3TO JOCTATOYHO
peaKuii ciydait, 0cOOEHHO €CIIM pacCMaTpPUBATh BECh )KU3HEHHBIN ITUKII CTPOUTEIHHOM KOH-
crpyknuu. C TedeHNEeM BpeMEeHH HelTpanbHas Cpeia MOXKET MPEeBPATUTHCS B arPECCUBHYIO,
KOTOpas MepeBeieT HepacTBOPUMBIE B BOZIE XJIOPH/IBI B BOAOPACTBOPHUMBIE U 3aITyCTHT IIPO-
I[ecCc KOPPO3UH CTaIbHOM apMaTypbl. Takum 00pa3oM, IECOK ¢ TOBBIIIEHHBIM CO/IEP)KaHUEM
HEPACTBOPUMBIX B BOJI€ XJIOPUJIOB MOXXHO PEKOMEHOBATh sl MCIOJIB30BAHUS B KEJI€30-
OCTOHHBIX KOHCTPYKIHSIX, TAPAHTUPOBAHHO HE KOHTAKTHUPYIOMINX C arpecCHUBHON cpenoit
Jlayke B TIPOIIECCe IKCITyaTai. B arpeccMBHBIX cpeflax W MOTEHIIMAThHO arpecCHBHBIX
MOXKHO PEKOMEHIOBATh TAKOH MECOK ISl UCTIOJIB30BAaHUS B OETOHE, apMHUPOBAHHOM KOMIIO-
3UTHOH apMaTypoii, 4TO BEPOSITHO OKa)XEeTCs HAMHOTO SKOHOMHYECKH BBITOJHEE MCITOIh30-
BaHMS TPUBO3HOTO MMECKA B COYETAHUH C METAINIMYECKON apMaTypoil.

OnHuM H3 TyTed perIeHus: BOmpoca O MPUMEHEHUH 3aCOJICHHBIX NECKOB B XKene300e-
TOHHBIX KOHCTPYKIIUSAX SBISETCS 3aMeHa CTaJIhbHOM apMaTyphl Ha apMaTypy KOMITO3UTHYIO
nonumepuyto I'OCT 31938-2022 [6], uTo, B CBOIO OY€pelb, MO3BOJUT COKPATUTh 3aTpa-
THl Ha TPAHCIIOPTHUPOBKY YHUCTOTO TECKa, OOJNIETYUT BEC KOHCTPYKIUH M OOECIEeYUT IITH-
TEIbHYI0 0e3pEeMOHTHYIO dKCIuTyaramnuio. J[1ig pacdera W MpOEKTUPOBAHUS KOHCTPYKIIUH,
APMUPOBAHHBIX KOMIO3UTHON MOJIUMEPHOM apMmaTypoi, cienyer pykoBoacTBoBarbcs CII
295.1325800.2017 [7].
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