MOBBIIIEHUE KOPPO3MOHHOMN CTOUKOCTH TSIKEJIOIO BETOHA
C UCHHOJIB3OBAHUEM MECTHBIX IPOMBIHIVIEHHBIX OTX0O10B
IKCIIEPUMEHTAJIBHOE U MUKPOCTPYKTYPHOE UCCJIEJOBAHUE
Crapmmuii ipeniogaBarenb [larxuaunoa YMumaxon CoourxoHoBHa, HamaHTraHnckmid

rOCy1apCTBEHHBIN TEXHUYECKUN YHUBEPCUTET
Houent  IILAxmenoB  HamaHranckoro  rocyJapCTBEHHOIO  TEXHUYECKOIO
YHUBEpPCHUTETA

AnHoTanusi: Koppo3ust apMaTypbl SIBISIETCA OJHOM W3 OCHOBHBIX INPUYMH
paspyimieHus TsHKENOro OeToHa MpH BO3JCWCTBHHM arpeCcCHUBHBIX CPEl, BKIIOYas
MOPCKYIO BOJy, MPOMBIIIICHHBIE BHIOPOCHI W YIJIEKHCIbIN ra3. B manHoil pabore
UCCIIEyEeTCSl BIUSIHUE WUCIIOIb30BaHUSI MECTHBIX MPOMBIIUICHHBIX OTXOJOB (30JIbI-
YHOCa, TPaHYJHUPOBAHHOTO JOMEHHOIO IIJIaKa W W3BECTHSKOBOTO IOPOIIKA) B
KauecTBE J00aBOK Ha MEXaHWYECKHUE CBOMCTBa, IMPOHUIIAEMOCTh, TIyOUHY
KapOOHU3AIMU U KOPPO3ZUOHHYIO CTOMKOCTD TSKEIOro OeTOHA. DKCIIEPUMEHTAIHHBIC
00pa3Iel U3rOTOBJICHBI C 3aMeHOM IleMeHTa oTxoaamu Ha 10—20% W UCTIBITHIBATIUCH
no 180 npgnei. IlpoBoamnuCh UCHBITAHUST HA TMPOYHOCTH MPH  CXKATHH,
BOJIOTIOTJIONIEHUE, TECT Ha IpoHHIaeMocTh xyuopuaoB (ASTM C1202), usmepenue
rIIyOMHBl  KapOOHHM3AIlMKM, MOHHUTOPUHT KOPPO3UHM C TOMOIIbIO JIMHEHMHOU
NOJIIpU3allMOHHON pe3uctanc-MeToauku (LPR) M MHKpOCTpYKTYpHBIN aHamu3 ¢
ucnosibzoBanneM SEM u EDS. Pe3ynbrarthl mokasplBarOT, 4TO JO0AaBKH OTXOJIOB
CYIIECTBEHHO YBEIMYUBAIOT MPOYHOCTH (10 25%), CHIKAIOT MPOHMIIAEMOCTH (/10
45%) m 3amMeUISIOT KOPPO3UI0 apMatypbl B 3—6 pa3. MUKpPOCTPYKTYpPHBIN aHalu3
BBISIBUI TUIOTHOE oOpa3zoBanue C—S—H wu ynyumenue 3o0Hbl nepexona (ITZ).
UccnenoBanne MOATBEPKAAET BO3MOXXHOCTh TOJIYYEHHUS! BBICOKOIPOYHOIO U
JIOJITOBEYHOT0 OETOHA C UCITOJIb30BAHUEM MECTHBIX MMPOMBIIUICHHBIX OTXOJIOB.

KiaroueBble  ciaoBa:  TsOKENbIi  OETOH,  KOPPO3HMOHHAsT  CTOMKOCTD,
MPOMBIIJIEHHBIE  OTXOJAbl, YCTOMYMBOCTb, MHUKPOCTPYKTYypa, HPOHUIAEMOCTh

XJIOPHJIOB
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“IMPROVING THE CORROSION RESISTANCE OF HEAVY CONCRETE
USING LOCAL INDUSTRIAL WASTE AN EXPERIMENTAL AND
MICROSTRUCTURAL STUDY”

Senior Lecturer Umidakhon Patkhidinova Sobitjonovna, Namangan State Technical

University
Associate Professor P. Akhmedov, Namangan State Technical University

Abstract: Reinforcement corrosion is one of the main causes of the
deterioration of heavy concrete when exposed to aggressive environments, including
seawater, industrial emissions, and carbon dioxide. This study investigates the effect
of using local industrial waste materials (fly ash, ground granulated blast furnace
slag, and limestone powder) as additives on the mechanical properties, permeability,
carbonation depth, and corrosion resistance of heavy concrete. Experimental
specimens were produced by replacing 10-20% of cement with these waste materials
and were tested for up to 180 days. Tests included compressive strength, water
absorption, chloride permeability (ASTM C1202), carbonation depth measurement,
corrosion monitoring using the linear polarization resistance (LPR) method, and
microstructural analysis with SEM and EDS. The results show that the waste
additives significantly increase strength (up to 25%), reduce permeability (up to
45%), and slow down reinforcement corrosion by 3—6 times. Microstructural analysis
revealed dense C—S—H formation and improvement of the interfacial transition zone
(ITZ). The study confirms the potential for producing high-strength and durable
concrete using local industrial waste materials.

Keywords: heavy concrete, corrosion resistance, industrial waste, durability,
microstructure, chloride permeability

1. Beegenue

1.1 AKkTyanbHOCTH

Tsok€npiii OETOH MIMPOKO TPUMEHSETCS B MOCTOCTPOCHHWH, IUIOTHHAX,

IMPOMBINIJICHHBIX H ATOMHBIX COOPYKCHHAX. OI[HaKO BOSI[GfICTBHG aIrp€CCHUBHBIX
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(bakTopoB cpeapl MPUBOIUT K YCKOPEHHOW KOPPO3WHM apMaTypbl W CHIDKCHHIO

nonroBedyHocTy KoHcTpykiuit ([Tamanakuc, 2000; Hepui, 2012).

1.2 Ucnosb30BaHue NPOMBIIIVIEHHBIX 0TX0/10B

JIoO0aBKkM MPOMBIIUIEHHOTO MPOUCXOXKIEHUS (30J1a-yHOC, TPaHyJIMPOBAHHBIN

JOMEHHBIN 1IUIaK, U3BECTHAKOBBIN MOPOILIOK) MOTYT:
Crnoco0cTBOBaTh 00pAa30BaHUIO JONOJHUTENBHBIX (a3 C—S—H

CHmxartb IIOPUCTOCTH U ITPOHULIACMOCTD

[ToBbIIIaTH CTOMKOCTH K IMPOHHUKHOBCHUIO XJIOPUIOB U Kap60HI/I?>aIII/II/I (M€XTa )51

Mownteupo, 2014; Tomac, 2017)

1.3 IIpoOea B uccIeT0BAHUSIX

O(P(DEeKTUBHOCTh TaKUX OTXOJOB 3aBUCUT OT HX XHMMHYECKOIO COCTaBa,

IMO3TOMY HGO6XOI[I/IMBI PCTHOHAJIBHBIC UCCICAOBAHNA I OIITUMU3ANH HpOHOpHI/If/'I

100aBOK.

1.4 llesm uccienoBaHusA

1. Ouenutb  0a30Byl0  KOPPO3HMOHHYIO  CTOMKOCTh U IMPOYHOCTHBIE

XapaKTePUCTUKH TSHKETOTO OeTOoHa.
2. HccrnenoBaTe  BJIMSIHUE ~ MECTHBIX  IPOMBIIUIEHHBIX  OTXOJIOB
MUKPOCTPYKTYPY, IPOHHIIAEMOCTh U KOPPO3UOHHYIO CTOMKOCTb.
3. PazpaboraTe onTUManbHBIE COCTaBbl OETOHA [  SKCIUIyaTaluu
arpecCUBHOM Cpee.
2. MarepuaJjbl U METO/bI
2.1 MarepuaJjibl
Lewmenrt: IToptnanauement CEM 1 42.5

3anosHuTENH: 1MebeHb 5—20 MM, KBapIIEBbIN MTECOK

[IpoMbIlIITIEHHBIE OTXOMBI: 30JIa-YHOC, TPaHYJUPOBAHHBIA JIOMEHHBIA IIUIAK,

W3BECTHSKOBBIN ITOPOIIOK

2.2 CocTaB cMecei
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3aMeHa nuemeHTa
CMmechb Tun nodaBku Ipumeyanus
(“o)

Co Her 0 KontponpHas
Cl 3oma-yHoc 10 OnunouHast 1oO6aBka
C2 [Mnax 15 OnnnouHas no0aBKa

Kommosut KomOunupoBanHas
C3 20

(30a+1uIaK+u3BECTHSIK) nobaBKa

2.3 IloaroroBka o0pa3noB
KyOnb1: 150%150%150 Mmm
Hununanaper: @100%200 mm

ApmupoBaHHbIe 00pa3iipl: P12 MM apMatypa ¢ 3alIUTHBIM CI0EM 25 MM

Ycenosus tBepaenust: 20 + 2°C, 95% Bnaxxnocts 10 180 quei

2.4 MeToabl HCNIBITAHUA

1. IIpounocts Ha cxkatue (ASTM C39)

2. Bogomnornomenue u nporunaeMocts (DIN 1048)

3. Ilponumaemocts xsopugoB (ASTM C1202)

4. I'mybuna kapOonuzaiuu (henondranent, yckopenHoe Boszaeictaue CO2)

5. Koppo3sus apmarypsi (LPR B pactBope 3.5% NaCl)

3. Pe3yjabTaThbl

3.1 IIpounocTth Ha cxxkaTue (28—180 qHei)

Cwmechb 28 nueii (MIIa) 90 queii (MIla) 180 gueii (MIla) Ilpupoct k CO (%)
Co 45 50 52 -
C1 49 55 58 +11
C2 50 57 60 +15
C3 54 62 65 +25

3.2 IIpoHu1I2eMOCTH U KOPPO3UOHHASI CTOMKOCTD

Cumwxenue BogomnornomieHus: 15-40% (C3 naumydmmii)

[IpoHuIIaeMOCTh XJIOPHUIOB: CHUKEHNE HA 22—-45%

['my6una kapOoHu3anmu: ymenbiienue Ha 18—42%
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LPR: cHM>keHME KOPPO3UOHHOTO TOKA B 3—6 pa3
3.3 MukpocTpyKTYypa
SEM: mnotHoe oOpazoBanue C—S—H, onqnopoanas 3oHa nepexona (ITZ)
EDS: nonmxenue Ca/Si, moarBepkaaroiiee 00pa3oBaHUE BTOPUYHBIX THAPATOB
4. O0cy:xneHue
MuxkpocTpykrypHoe yaydmenue: SCM yMEHbIIAIOT NOPUCTOCTh U MOBBIIAIOT
MJIOTHOCTh
Mexanusm ruaparanum: peakuus 3016l U niaka ¢ Ca(OH): dopmupyer
nonosHutenbHbii C—S—H
Koppo3uonnass 3amura: CHMXXEHHAs NPOHULIAEMOCTh U IUIOTHBIM [TZ
NPEIOTBPALIAIOT TOCTYI arpECCUBHBIX HOHOB
5. 3akir0ueHue
1. Mcnonp30BaHWEe NPOMBIIUICHHBIX OTXOJOB TIOBBIMIAET JOJITOBEYHOCTH M
MPOYHOCTb TSHKEIOT0 OETOHA.
2. KomnosutHast cmech C3 oOecreunBaeT HauOosblnue mpeumymiectsa: +25%
po4HOCTH, —45% npoHHUIIaeMOCTH, 3—6% CHM)KEHUE KOPPO3UU.
3. Jlauusbie pe3yabTaThl MOITBEPKIAIOT BO3MOKHOCTh MOy YSHUS
BBICOKOTIPOYHOT'O M SKOJIOTUYHOTO OETOHA.
6. Pexomenganun
JloroBpeMEHHBIC UCTIBITAHUS B PEATBHBIX YCIOBUSIX
OnTuMu3aIys J07I1 MECTHBIX OTXO0JI0B
HccnenoBanre HaHOJ00aBOK /1JIs1 JAIbHEUILIETO YIyUYIEHUS
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