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AnHoTanus. [lpencraBieHBl SKCIIEpHIMEHTAIbHBIC MJAaHHBIE H3MEHEHHS MPOYHOCTH HAa CXAaTHE TSDKEIOro OeToHa ¢
HCIIONIb30BaHUEM CYJIb()ATOCTOHKOTO [IEMEHTa, KPHIMCKUX 3aMlOIHUTEINICH 1 100aBKH Ha OCHOBE 3(HPOB MONNKapOOKCHIIATOB IIPH
BEIJICP)KMBAHUN MX B arpecCHBHOI Cpesie — XHUAKOCTH M3 BOJOOUYHCTHBIX COOpYyKeHWH NrT. I'Bapaetickoe, CHM(peponoIscKoro
paiiona, PecnyOmmka Kpeim. Pa3zpaboTaHbl cOCTaBBl TSsDKEIBIX OCTOHOB C HPUMEHEHHEM THUIepIUIacTH(GUIMPYOMNX
(monuKapOOKCHITaTHBIX) T0OABOK, KOTOPBIE CIIOCOOHBI IOBBIIATE CBOU (PU3HUKO-MEXaHUUECKHE XapaKTEPUCTUKU BO BPEMEHH TIPH
SKCITyaTalldd B YCIOBHSIX arpecCUBHBIX cpell. AKTyanbHbIM SBISIETCS, JalibHeillllee pa3BUTHE TEOPETHYECKHX U
9KCIIEPUMEHTAJIBHBIX OCHOB Pa3padOTOK MPHU MPOU3BOJICTBE LIEMEHTHBIX OETOHOB € MCIOIB30BAHUEM CYNEPILIACTHOULIUPYFOLINX
J00aBOK ITOCIIEAHETO MTOKOJICHNUS Ha OCHOBE IOJIMKapOOKCHIIATOB [UISt OYMCTHBIX M PEKPEAOHHBIX COOPYKeHNIL. JI0ITOBETHOCTD
LEMEHTHBIX OETOHOB KITI0OYEBOH BOIIPOC HCIIOIB30BAHUS HX B OYHCTHBIX M PEKPEAIIMOHHBIX COOPYKeHUsIX. [leMeHTHbIe OCTOHBI
MOTYT OBITH TOABEPXKEHBI CyIb(paTHOH Koppo3uu. Cynb(aThl UMEIOT CIOXKHBIH MEXaHH3M BO3JCHCTBHS Ha AKTHBHBIA B
XMMHYECKOM OTHOIICHHH KOMIIOHEHT 0eTOHa — IIeMEeHTHBIH kaMeHb. Cynb(aTbl HMEIOT CIIOXKHBII MEXaHU3M BO3AEHCTBHS Ha
AKTHBHBI B XMMHYECKOM OTHOIICHHH KOMIIOHEHT OETOHAa — LEMEHTHBIH KameHb. Koppo3nOHHOE BO3ICHCTBHE MOXKET
YCHUIIMBAThCS WIM oOciabeBaTh B 3aBHCHMOCTH OT KOHIIGHTPAIlMM arpecCHBHBIX KOMIIOHEHTOB, NPH IEPEMEHHOM YypOBHE
BO3JCHCTBUSI PACTBOPOB coNlell Ha OETOH KOHCTPYKLHUH, MEPUOAMYECKOM BBHICYHNIMBAHUH, YaCTHYHOM MOTPYKEHUH. OTO
00yCIIOBIEHO TEM, YTO HAa XHMHUYECKHE IIPOLECCHl B3aMMOJACHCTBHS arpecCHBHON cpelbl M IIEMEHTHOIO KaMHs B OeToHe
HaKJIa[BIBACTCSA BIMSHHAE (U3MUECKHX IIPOLECCOB MACCONEPEHOCAa PACTBOPHMBIX KOMIOHEHTOB M KPHUCTAIUIM3AIUH NPOIYKTOB
KOPPO3HH MU PACTBOPUMBIX KOMIIOHEHTOB, KOTOPBIE MOTYT YCKOPSTH I TOPMO3UTH XMMHYECKUE MPOIECCHI.

YcTaHOBIEHBI TapaMeTPhl MPOYHOCTHBIX XapPAaKTEPHCTHK ONTUMH3UPOBAHHBIX COCTaBOB B pa3HbIe CPOKH HaOOpa MPOYHOCTH, a
TaKOKe YCTAHOBJIEHA CPEJIHSS IUIOTHOCTh M BOJOHETIPOHUIIAEMOCTh ONTHMH3HPOBAHHBIX COCTaBOB OSTOHOB.

IIpexMer nccae0BaHNUs: TSHKENIBIH OETOH C MCHONB30BaHUEM CYITb()ATOCTONKOTO [IEMEHTa, KPBIMCKUX 3aIlOJHUTEINeH 1 T00aBOK
Ha OCHOBE CJIOXKHBIX ITOJIMKAPOOKCHIIATHBIX A(HUPOB

Matepuansl u MeToabl: lccrienoBaHne NPOBOAMIOCH Ha CIEHMAIbHO IOJOOpPAHHBIX COCTaBaX OETOHHBIX CMeceil ¢
MOJBIKHOCTBIO P3 Ha ocHOBe Hambonee pacmpocTpaHeHHOro B KpbIMy CBHIpBSl ¢ MOMMKapOO3WIATHON IiacTH(UIUpyomen
n00aBKO# 1 0e3 Hee. ATPECCHBHOM CPEeIOi CITyKHia KHUIKOCTh, B3ATast C BOJOOYHCTHONW CTAHIIMU B MOCENIKE TOPOACKOTO THIIA
I'Bappetickoe Cumpepomnonsckoro paiiona PecryOmmku Kpbim.

PesyasTatsr: 1. Ucnons3oBanne no6askn Hidetal-GP-9 o3HawaeT cHinKeHNE pacxoa BoAbI Ha 15%, Ipy 9TOM cojiepKaHue BIaru
cumkaercs ¢ 0,65 no 0,55 u coxpaHsieTcs MOJBIKHOCTH Mapku P3. 2. B pesynbrare MpoOBENEHHOTO HCCIICAOBaHUS OBLIO
YCTaHOBJIEHO, YTO OETOHHBIE KOMITO3UIINY C MCIOIB30BaHHEM KapOOKCHIIATOB ITOKA3aJIN HAMITYYIIHe PE3yIbTaThl IT0 TIOBBIICHHUTO
MPOYHOCTH, OCOOEHHO B arpeccuBHO cpene. Tak, kommo3uius Ne4 mokasana MPOYHOCTH OETOHA Ha CHKATHE MOCIC XPaHCHHS B
arpeccUBHO# cpene B Teuenue 745 aueit Rcom = 475 kr/em2 (47,5 MIla). 3. [Tocie [IMTEIBHOTO XpaHEHHS B arPECCUBHOM cperie,
B YacTHOCTHU B TeueHue 2920 nneit, coctas Ne 4 mokasan MpoYHOCTh OETOHA Ha cxxatue, paBHyIo 519 kr/ecm2 (51,9 MIla). 4. [pu
HCCIIeIOBaHNH BHEIIHETO BUAa 00pa3noB KyOoB, XpaHSIIINXCS B arpecCUBHOM cpeze B TeueHne 2920 nHeid, ObUIO yCTaHOBIIEHO,
YTO COCTOSHHE 00pasIoB OBUIO yMOBIETBOPUTENHHBIM. Ha MoBepXHOCTH 00pas3loB OTCYTCTBOBAIM CIIEIBI KOPPO3HH OETOHA;
OTCYTCTBOBAJIM TPEUIMHBI MM CKOJBI OeTOHHOro KaMHs. 5. CpefHss IIOTHOCTH HCCIICIOBAaHHBIX OETOHOB COOTBETCTBYET
TSDKEJIBIM OeToHaM 1o o0Ied kiaccudukanuu. B cpegHeM mIoTHOCTE OETOHHOTO KaMHsI COOTBETCTBYeT npenenam 2350 — 2450
Kr/M3.

KiroueBble c¢j10Ba: MoJuKapOOKCHIIAT, CyJb(GaTOCTOMKUM I[EMEHT, 3alloJMHUTEeNH, OETOH, MPOYHOCTh, T00ABKH, COCTaB,
arpeccuBHasi cpejia.

MHUPpOBast IEMEHTHAS IIPOMBIIIJICHHOCTH BLI6paCI>IBaCT B

BBEJEHUE. AHAJIN3 IYBJIUK A]_[I/Iﬂ OKpYy’KaromIyto cpeay 6omnee 7% oT obmiero oobema ero
BEIOPOCOB BCEMH OTPACIISIMHU.

B Poccuiickoii denepanuu MIPOEKTOM SIBnsieTcss akTyalbHbIM JajbHEMIIEe pa3BUTHE
JONTOCPOYHOM  CTpaTernu  sBIIETCS  Pa3BUTHE TEOPETHUECKHX M OJKCIIEPUMEHTAIBHBIX  OCHOB
NPOM3BOJCTBA  CTPOMTENBHBIX  MaTepHalioB U pa3pabOTOK NP MPOU3BOACTBE LIEMEHTHBIX OETOHOB C
KOHCTpyKuui Ha mepuon a0 2020 r. W madpHEHIIyIO HCIIOJIb30BaHUEM CYNEpIIaCTUPUIHUPYIOMINX J100aBOK
nepcrektuBy n0 2030 roma. IIpegmomaraercs MOCJIETHETO TIOKOJICHUS Ha OCHOBE
YBEJINYUTH NPOU3BOJACTBO MOPTIAHAUCMEHTA B 4 pa3za. HOJ'II/IKap6OKCI/IJ'IaTOB JUIA OYUCTHBIX U PEKPCAlMOHHBIX

BwMmecre ¢ TeM, MpPOW3BOJCTBO MOPTJIaHILEMEHTA COOPYKEHHH.

CBSI3aHO C BBICOKUM IOTPEOJICHUEM HPUPOJHBIX JlonroBeyHOCTh IIEMEHTHBIX OETOHOB KIIFOUEBOH
MHHEPAIBHBIX CBHIPHEBBIX M YHEPIEeTUUECKHX PECYPCOB BOIIPOC  WUCIIOJIB30BaHMSI WX B OYHCTHBIX U
Y COIIPOBOXK/IAETCSI BHICOKUMU 00bEMaMHu BBHIOPOCOB B peKpeannoHHbIX coopyxeHusix. W3 [12,13] cnenyer,
OKpYXXaloUIyl0 Cpexy, TOJBbKO IMOKCHIA YIJIepoja YTO HauOOJIbIIee 3HAYEHHE HAa CTOWKOCTh [IEMEHTHOT'O

21



CTpOouTEeNsCTBO U TEXHOTEeHHast Oe3omacHOCTh Ne35(87) - 2024

KaMHsI, B OCTOHHBIC U )KeJIe300€TOHHBIE COOPYKEHHUS,
IPU  BO3ACHCTBMM Ha HEro Cyinb(haToB HMEIOT
THIPOCYIb(POATIOMUHAT — KaNbIUSA  (3TTPUHTUT) U
THIPOCYTh(POKAPOOKCHIAT  KalmbIMst  (TayMAacwur).
OTTPUHTHT W TayMacuT BCEeTAa HaxomiTcd B
KPUCTAJNIMYECKONW CMECH.

CynbhaTHOH KOPPO3UH MOXKET OBITH MOJBEPKEH
0ETOH, KOTOPBIM SKCIUTyaTHPYEeTCs B Pa3IHYHBIX
YCIIOBUSIX.

Cynbdatsl, BBI3BIBAIOIIUE MPOSBICHUE IMPOLIECCOB
cynb(haTHOW KOPPO3UH, BCTPEUAIOTCS B OOJBIINHCTBE
MIPUPOIHBIX BOJA. B mpecHBIX Bomoemax cojepikaHHe
CyIb(aT-uOHOB JIOCTUTaeT 60 MT/1I, B
MHUHEPAJIN30BaHHBIX TPYHTOBBIX BOAAX OHO COCTABIISIET
200—400 mr/1, 2 B MOpckoii Boge — 2500—2700 mr/i.

Cynpdarsl  MMEIOT  CIOXHBIH  MEXaHH3M
BO3/ICHCTBUS HA aKTUBHBIH B XMMUYECKOM OTHOIICHHH
KOMITOHEHT OE€TOHAa — [IEMEHTHBIH KaMEHb.

Koppo3noHHOE BO3IEHCTBUE MOKET YCUIMBATHCS
nim ocnabeBaTb B 3aBUCHMOCTH OT KOHICHTpAIUH
arp€CCUBHLIX KOMIIOHEHTOB, IPpHU IMEPEMEHHOM YPOBHE
BO3JICICTBHSI PACTBOPOB COJIEH Ha OETOH KOHCTPYKIHH,
MIEPUOANIECKOM BBICYIIIMBaHHH, YaCTHYHOM
TIOTPYKEHUH.

310 O00YCIIOBJIEHO TEM, YTO Ha XHMHYECKUE
MIPOIIECCHl  B3aMMOJECWUCTBHS arpecCHMBHOW Cpeabl U
LIEMEHTHOTO KaMH$ B OETOHE HaKJIaJbIBAaCTCS BIMSHHE
(pU3MUECKHUX TPOIIECCOB MACCOIIEPEHOCa PACTBOPHUMBIX
KOMITOHEHTOB ¥ KPHCTAJUTN3AIMH ITPOTYKTOB KOPPO3UH
WIN PacTBOPUMBIX KOMIIOHEHTOB, KOTOpPBIE MOTYT
YCKOPSATh MM TOPMO3HTh XHMHYECKHE IIPOLECCHI.
[12,13]

B nocinenHee Bpems psAl YyUEHBIX 3aHMMAeTC
CO3JJaHMEM MaTeMaTHYeCKHX MOJENeH KOpPpO3UU
6eronoB. B yactHocTH, B.B. I'yceB u A.C. ®aiiBycoBry
MPEJIOKUIN MaTeMaTHYECKyI0 MOJIeNIb MPOIECCOB
cynb(aTHOW KOpPPO3MHM B YCIIOBHSX HAalpaBJICHHOTO
BJIarONepeHoca,  KoTopas  JaeT  BO3MOYKHOCTb
IUTAHUPOBAHHUS M yCOBEPIICHCTBOBAHMS METOIAMKA
MIPOBEJCHUS SKCIEPHUMEHTAIBHBIX HCCIIETOBAHHHN, IS
pa3paboTKN WHKEHEPHBIX METOJMK IPOTHO3MPOBAHUS
JIONTOBEYHOCTH COOPYXKEHHUH, O3KCIUTyaTHPYEMBIX B
cynbdaTconepxamux cpenax. [13]

K.M. Ynxuk u H.B. benookas mpeaioxuim Mo1eib
OMONIOTMYECKOW  KOppO3uu OeTroHa B  CHUCTEMax
kaHanu3anud. [15]

B nipouecce uccenoBanus ObIJIO YCTaHOBJIEHO, YTO
aKTHBHAs XMMHUYECKasi KOPPO3Hsl MPOUCXOIUT 33 CHET
MIPOIIECCOB YKU3HEACATEIBHOCTH MHUKPOOPTaHW3MOB U

rpuboB, TakMX Kak AaMMOHU(HIMPYIOMHX U
HUTPUDUIMPYIOIINX. VYcranoBneHo, 4TO
Ouonmoruyeckoe  BO3JCHCTBHE  MHKPOOPIaHM3MOB

cyiecTBeHHO noHmwxkaeT PH cpenpl, 4To Tak e BIuser
Ha TIpo1riecc Koppo3uu 6etona. [15]

Hano oTMeTuTh, TO IPAKTHYECKH BCE 3TH (HaKTOPHI
XAMUYECKOTO i OHOJIOTHYECKOTO xXapakTepa
MPUCYTCTBYI0O B  Mpo0e  arpecCHBHOM  CpeIbl,
NpeJICTaBICHHOM B Tabwmie 1.

Tak sxe, ogHMM U3 (AKTOPOB BIMSHHE Ha
KOPPO3HOHHYIO  CTOHKOCTh  OETOHOB  SIBJISETCS
MPUMEHEHHE XUMUYECKUX JOOaBOK.
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Tak, Hampumep, B CTPOUTEIBHOH WHIAYCTPUH
MIPOM3BO/ACTBA  OETOHa  IIMPOKO  NPUMEHSIOTCS
IUTACTUQHUIUPYIOMHE W TUIEPIUIACTH(PHINPYIONIHE
N00aBKH, MOOABKU-YCKOPUTEIH TBEpIACHUA OCTOHA,
BO3IYXOBOBIICKAIOMINE  JOOABKH,  PazKIDKAIOIIHE
MpUMeCH W Jpyrue BHUABI J00aBOK, KOTOpHIE
CYIIECTBEHHBIM 00pa3oM BIHAIOT Ha T€ WM HWHBIE
KauecTBa OeTOHA M OETOHHBIX CMECEH.

OcCo0eHHO MMOJIe3HBI IACTUQHUIUPYIONIHE TOOABKH
U pazKIWKaIoNIMe IPUMECH, TaK KaK OHHU IO3BOJISIOT
MPOM3BOUTENSIM  BBINIOJHATH  JBA  TpeOOBaHUS:
Xoporras 00pabaThiBaeMOCTh OETOHA BO BpEMsS €ro
(OpMOBaHUS ¥ CHW)KEHHE COOTHOIICHHS (B/II) MEXIY
BOJOW M  BSDKYIIMMH  MaTepuajlaMH, KOTOpoe
CrocoOCTBYET TOBHIMICHAIO IPOYHOCTH, B TOM YHCJIE U
KOPPO3HOHHOH YCTOHYHNBOCTH 3aTBEPACBIIECTO OETOHA.

TepMuH «pazKImKaroImas MPIMECh» HCIONb3YeTCs
nocratouHno MHoro Jer. Crammapt ASTM C 494
KIAaCCHQUITMPYET  padKIKaoIue  NpUMecH  Ha
HECKOJIbKO KaTerOpui:

e Tum A, Paz:xmxaromnias

» Tun D, Paz:xuxaromas 1 3aMe1Jisionas

* Tun E, Pamxmkaromas u yckopsiromas

* Tun F, Paz:xmkaromas, BRICOKO3(QPEeKTHBHAS

* Tun G, Pazxmkaromias, BRICOKOI(G(GEKTUBHAS U
3aMeUIIoIIast

ASTM C 1017 cocpenorodeH Ha o00pabOTKe
OCTOHHOW CMECH C UCIIONB30BaHHEM XHMHUYECKOM
MPUMECH C EIWHCTBEHHOW MEeNbI0 — MPOM3BOICTBO
MOIBMKHOTO OeToHa 0€3 pemynupoBaHUS BOIBI IS
MIPUTOTOBIICHHUS PACcTBOPA.

B GounbiinHCTBE CilydaeB npuMecH KiacCu(UKaiuu
C 494 Tun F mwmum G Takke MOXXHO HCIIOJIb30BaTh
crocobom, ykazamabiM B ASTM C 1017. DOtum
BBICOKOD((EKTUBHBIE pa3KMKAIOIIUE TNPHUMECH He
MIPOCTO PEAYLMPYIOT (YMEHBIIAIOT B KOJIMYECTBE) BOIY
3aTBEpACHHS, HO TaKKe€ M PACCEUBAIOT YaCTHIIBI
nementa. [logobHoe — paccewBaromee — JelicTBHE
BITOCJICZICTBUM TIO3BOJIIET YMEHBIINTh KOJIHYECTBO
BOABI WU TIOBBICUTH CTCIICHb ITOJBMKHOCTH, WIH
moy4yuTh 00a 3 dekra.

LEJIb U 3AJJAYU UCCJIEJTOBAHUI

Lenbto paboThl sBISETCS MCCIeNOBaHHE HabOpa
OPOYHOCTH HA  CXaTHe TsDKelIoro OeToHa ¢
UCIIOJIb30BaHUEM CyJIb(aTOCTOHKOrO LIEMEHTa,
KPBIMCKHX 3aIl0JIHUTENEH 1 T00aBKHM Ha OCHOBE A(HPOB
MOJUKApOOKCWIIATOB  TIPH  BBIIEPXKMBAaHMH HUX B
arpeccUBHOMU cpee.

Jnst mocTikeHns IOCTaBIEHHOM 11enu Obl1a peneHa
3aja4ya ONTHMH3AaLMKM COocTaBa OETOHA Ha MECTHBIX
3aII0JIHUTENSAX, CYIb()aTOCTOMKOM IIEMEHTE, a TaKXKe ¢
WCIOJBh30BaHWEM J00aBOK Ha OCHOBE 3(HUpOB
HONUKapOOKCUIATOB M OIpEIeTeHHs NPOYHOCTH Ha
CKaThe B KPAaTKOBPEMEHHBIE M JOJITOBPEMEHHBIE
CPOKH.

OBBEKT UCCJIEJOBAHUA

OOBEKTOM HCCIIEI0BaHUS SIBISIETCS TSHKEIBIH OeTOH
C UCIIOJNBb30BaHMEM CyNb(ATOCTOWKOTO ILEMEHTa,
KPBIMCKHX 3aTIOJTHHUTEINEH U TOOaBKU Ha OCHOBE 3(hHpoOB
MTOTUKAPOOKCHIATOB.
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MATEPHAJIBI U METO/IbI
UCCJEJOBAHUM

IIpoBenenue wuccneqoBaHUM  MPOBOAMIIOCH  Ha
CIIEITUAIBHO MTO00PaHHBIX COCTaBaX OETOHHBIX CMeCer
nmoABIKHOCTEIO [13 Ha Hambosee pacpoCTpaHEHHBIX B
Kpreimy CBIPBEBBIX KOMIIOHEHTax c
MOJIMKapOOCHIIATHOHN ITacTU(OUIMPYIOIIEH 100aBKOH 1
0e3 Hee.

XapaKkTepuCTUKU KOMITOHEHTOB OCTOHHOW CMECH:

- BSDKyIee — CyJb()aTOCTOWKUN MOPTIAHIIICMEHT
(CCIILI), mapka — M400 J1O, miotHOCTH — 3,1 T/M3;

- mebeHp - JIMOPUTOBBIN JIo3oBCcKOrO
MECTOpOXKIeHHs, ¢pakuusi 5-20 MM; IUIOTHOCTB
2,65 r/cM?; HacBIIHAs INIOTHOCTH — py = 1,55 r/em?’;
BIIaKHOCTE W = 3,3%;

- IECOK — KBapLEBbI MoOpcKoi JlOHy31aBCKOro
MECTOPOXKJEHHUS, TEMHO CHHEro mBera, M, = 1,8;
HAaCBINHAs TUIOTHOCTE Py = 1,4 r/cM®; BiaaxHoCTE W =
7,4% m xBapueBblii peuHoi, JloHcko#t (T. PocToB-Ha-
Jony), My = 1,6, HachkIllHAs IIOTHOCTh — py = 1,45
r/cm’; BraxkHOoCcTh W = 10,8%;

- mobaBka B OeToH —
Xuneran-I'TI-9;

- BOJa — MPECHAs! TeXHUYIECKast.

[IpoexTupoBanue COCTaBOB 0CTOHOB
MIPOU3BOIMIIOCH IO METOY aOCONOTHBIX 00BeMoB [1].
[Tory4deHs! crnemyromue cocTaBbl OETOHHBIX CMECEH.

CoctaB Ne 1: Ilement = 334 kr/m>; me6ens = 1197
Kr/M>; TIECOK (IOHY3JIaBCKMii, TEMHO-CHUHETO I[BETA) =
658 xr/m?; Boga = 223 n/m>.

CoctaB Ne 2: Ilement = 334 xr/m>; mebens = 1197
kr/M%; mecok (JOHCKOH, skenThiil) = 658 kr/M’; Boja =
221 /3.

HOJ'II/IKap6OKCI/IJ'IaTHa$I

Cocra Ne 3: Llement = 335 kr/m*; mebens = 1195
Kr/M%; IecoK (IOHy3JIaBCKMii, TEMHO-CHHETO IBETa) =
658 xr/M®;, Boma = 180  a/M%  nobaBka
nonukapOokcunathas, [ = 3,5 n/m°>.

CocraB Ne 4: Llement = 335 kr/m*; mebens = 1195
KI/M>; TIecok (JOHCKOM, enThlii) = 658 kr/M’; Boga =
180 n/m*; no6aBka monukapbokcwtatHas, J = 3,1 /v,

B pesymbrate mombOpoB COCTaBOB OETOHHBIX
CMecell yCTaHOBJIEHO, uTO no6aBka Xwupaetan-ITI-9
MO3BOJISIET YMEHBIIUTH PacXod BoIbl Ha 15 % u, TeMm
cambiM cHH3UTH B/I] ¢ 0,65 no 0,55 mpu coxpaneHun
MTOJIBUKHOCTH OCTOHHOM cMecu Mapku [13.

CoctaBbl Ne 1 u Ne 2 m3roToBiieHbl 03 100aBOK,
coctaBbl Ne 3 1 Ne 4 U3roToBiIeHbI HA OCHOBE JJOOABOK
3(UpPOB KapOOKCHIATOB. BBIIO M3rOTOBICHO § mMapThit
Ky0oB pazmepoB 0,1x0,1x0,1 M, B xommgectBe 18 mit.
kaxngas. Yacte w3 HHX ObUla yCTAaHOBJIEHa Ha
€CTeCTBEHHbIEe  (CTaHAapTHBIE) yciuoBusi  Habopa
IIPOYHOCTH, BTOpas dYacThb ObUIa yCTAaHOBJIEHA B
arpeccUBHYIO Cpesy.

B  xauecTBe arpeccMBHOW Cpelnbl  CIIyKWIia
KHUJKOCTh, 0TOOpaHHAas U3 BOAOOYHUCTHBIX COOPYIKEHHI
nrT. ['Bapneiickoe, Cumdepononbckoro  paiioHa,
Peciybnnka KpbiM. OcHOBHBIE XapaKTEpHCTHKH H
XMUMHYECKHH COCTaB »KHIKOCTH, OIPEIEICHHBIH IO
pe3ynpTataM wuchbITaHui 118 mpoO mpencrtaBieH B
Tabdm. 1.

[Ipounocts Ha cxatne (Rex ) OETOHHBIX 00pa3IoB-
KyOOB OIpenensiack pa3pylaloniM CIOoCO00OM Ha
runpasaugeckomM npecce I1-125 B Bo3pacte 28, 90, 180,
365, 548, 745 u 2920 cyTOK TBepACHHUS B HOPMAIIbHBIX
YCIOBUSIX W TIOCNIE BBIICPKUBAHUS B arpecCHMBHOU
cpene.

Tab6smna 1. XapakTepucTuka arpecCUBHOM cpe/bl
Table 1. Characteristics of the aggressive environment

OnpefensieMble HHIPEIUCHTHI EnuHuIs! u3smepeHus Howmep npo0rr
Temmneparypa °C 19
BonoponHblil nmokaszarenp En. pH 8,3
Oxkpacka, IBETHOCTb JKEITO-Cepoe
3amax Oan duk 2
[Ipo3padHOCTh cM -
B3BenieHnble BelecTna Mr/mm> 98,4
XTIK Mr/mm> 120
Cyxoii 0cTaToK mr/am> 640
Xopuasl Mr/mm> 194,9
Cynbdarsl mr/am’ 98
AMoHHI coseBo Mr/mm> 82,4
Hurputst mr/am’ 0,07
Hutpartsl Mr/mm> 3,12
docdatsl Mr/mm> 14,2
Hedrenpoaykrst mr/am’ 0,62
ATIAB mr/am? 1,46

PE3YJIBTATBI U UX AHAJIN3

Pe3ynbraThl ompeneneHusi MPOYHOCTH Ha CHKaTHE
ONBITHBIX 00pa3oB KyOOB, BBIAEPKAHHBIX, KaK B
arpecCUBHOM cpefe, Tak M TPU ECTECTBEHHBIX
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CTaHIAPTHBIX ycIoBHsAX B TeueHue 28, 90, 180, 365,
548, 745 cyrTok, mpencTaBleHH B BHAE TpadUKOB
HU3MEHEHUSI cpenHeapruGMETHIeCKUX 3HAYCHHUI
MIPEAENIOB MPOYHOCTH MPH CIKATUU OETOHOB Ha puc. |
2. Bun GeToHa WCHBITAHHBIX OIBITHBIX OOpa3IoB B
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3aBUCHMOCTH OT BHJIa BBIIIEP)KMBAHMS B Bo3pacTe 548
CyTOK TI0Ka3aH Ha puc. 3.
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Bpems TEepaeHUs, cyT
Puc 1. FI3MeHeHHe NPOYHOCTH Ha CHKATHE UCCIIEyeMbIX COCTaBOB OETOHA B 3aBUCHMOCTH OT BPEMEHH TBEP/CHUA U
BBIZICP)KMBAHUN X B €CTECTBEHHBIX YCIIOBHUAX: 1 — cocTaB Ne 1; 2 — coctaB Ne 2; 3 — coctaB Ne 3; 4 — coctaB Ne 4
Fig. 1. The change in compressive strength of the studied concrete compositions depending on the time of hardening and holding
them in natural conditions: 1 — composition Ne 1; 2 — composition Ne 2; 3 — composition Ne3; 4 — composition Ne 4
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Bpema TeepaeHMs, CyT
Puc. 2. VI3MeHeHHe IPOYHOCTHU Ha CHKATHE UCCIEAYEMbIX COCTABOB OSTOHA B 3aBUCHMOCTH OT BPEMEHH TBEPJICHHS U
BBIICPXKMBAHUS UX B arpeccuBHOMU cpene: 1 — coctaB Ne 1; 2 — coctaB Ne 2; 3 — coctaB Ne 3; 4 — cocraB Ne 4
Fig. 2. Change in compressive strength of the studied concrete compositions depending on the time of hardening and holding
them in an aggressive environment: 1 — composition Ne 1; 2 — composition Ne 2; 3 — composition Ne3; 4 — composition Ne 4

Puc. 3. Buz 6eToHa ONBITHEIX 00pa3oB MOCHE HCIBITAHNS Ha IPOYHOCTh Ha CXKaTHE B BO3pacTe 548 cyT, BBIACPKUBAHNE
KOTOPBIX IIPOXOIMIIO: @ — B HOPMAIBHBIX YCIIOBHSX; b — B arpecCHBHOII cperie
Fig. 3. Type of concrete prototypes after the compression strength test at the age of 548 days, which held: a — under normal
conditions; b — in an aggressive environment
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Kak BuaHO U3 OKCHCPUMCHTAIBHBIX IaHHBIX,
MPEJICTaBICHHBIX Ha pUC. |, HAMOOIBIIYIO MPOYHOCTH
Ha C)KaTHe MOKa3bIBalOT 00pasiel OeToHa coctaBa Ne 4.
Tak Ha 548 cyTKHM Ipenen MPOYHOCTH NPU CXKATUHU €0
280 xr/cm?, uto Ha 13 % GoJbINe, 9eM y GETOHHBIX
00pa3noB, U3roToBIeHHBIX U3 cocTaBa Ne 3 (Re =248
kr/cm?), w Ha 27 % BBIIE, 4YeM Yy 0OpasIoB,
M3TOTOBJICHHBIX M3 OETOHHBIX cMecel cocTaBoB NelNe |
1 2 (Rex. = 220 1 218 Kr/cM? COOTBETCTBEHHO).

[Mpu BBIAEpKMBaHUM OETOHHBIX O00pa3lOB Ha
Cyab(haTOCTONKOM IIEMEHTE B arpecCHBHOH cpele
(cMm. puc. 2), AMHAMHKA Ha0Opa MPOYHOCTH Ha CKATHE
st cocraBoB NeNe 1, 2 u 3, B 11emom, Takas ke, Kak u
NP BBIICPKUBAHUH HX B €CTCCTBEHHBIX YCIOBHUSIX.
Opnnako, coctaB Ne4 oTiauyaeTcss CTPEMUTEIBHBIM
pOCTOM TPOYHOCTHBIX IOKa3aTeNed mocie 28 CyToK,
MOKa3blBass NPOYHOCThH Ha cCxatue K 548 cyTkam
425 xr/em?, uto Ha 52 % NpEBBINIAET MOKA3ATENN ITUX
00pa3moB, XpaHAMUXCA B HOPMAIBHBIX BO3IYIIHO-
BIQKHBIX YCIOBHSX. XapakTepusys KpHuByIO0 Habopa
MIPOYHOCTH B arpeCCHBHOI cpefie OETOHHBIX 00pPa3LoB
coctraBa Ne4 MOXHO BBIIENIUTH HYEThIpe JTama
W3MEHCHHUS TIPOYHOCTH Ha CIKATHE:

-1-i — 10 28 cyTOK, OTIMYAIOIIUNCS 3aMeIJIEHHBIM
POCTOM MPOYHOCTH HA CKATUE Ry ;

- 2-11 — ot 28 1o 180 cyTOK — CTpEeMUTENBHBIN POCT
TIPOYHOCTH Ha CKATHE Ry ;

-3-i1 — ot 180 mo 365 cyTok — mpHOCTaHOBJIECHUE
pocTa MPOYHOCTH Ha CKATHE Rex ;

-4-1 — mocie 365 CyTOK — TPOIOIDKUTEIHHBIN
Ha0Op MPOYHOCTH Ha CxKATHE Ry, MPOJOIDKAIOTIHNACS
110 2920 cyTOK BBIIEpKUBAHHS B arpeCCUBHOMN cpefe —

KpaitHeit BPEMEHHOU TOYKH NPOBEACHUS
UCCIIEIOBaHMI.

Heobxoxumo  ormeruth, uTO0 K 28 cyTKam
TBEpJICHUSI ~ ONBITHBIE  00pas3mpl coctaBa Ne 4,

BBIJICP)KUBacMbIe B KOPPO3UOHHOM cpeJie, OTIMYAr0TCS
HECKOJIBKO  3aMEIJICHHBIM pPOCTOM Ry, dYeM B
€CTECTBEHHBIX yclIoBHsIX. B mepuon ¢ 28 go 180 cyrok
TBEpACHUS POCT MPOYHOCTH HA CXKATHE COCTABISIET
86 %, nocruras 326 kr/cm>. B cpaBHeHun ¢ o6pasuamu
9TOTO K€ COCTaBa, TBEPACHHUE KOTOPHIX MPOXOIUIIO B
€CTECTBEHHBIX YCIOBUX (CM. pHC. |, kpuBas 4), KaKkoi-
100 POCT MPOYHOCTH HA CIKATHE HE MPOHMCXOJUT, a B
nepuon ¢ 180 mo 365 cyTok B oTiiM4uMe OT 0OpasIoB,
BBIJICPYKUBACMBIX B KOPPO3HMOHHOM cpexe,
HaOMoaeTcsl He3HAYUTENbHBIH TPUPOCT MPOYHOCTH,
cocrassonuii oxosuo 7 %.

W3 npuBeeHABIX TpauKOB HA PUC. 2 BUIIHO, YTO B
KOPPO3MOHHOW Cpe/ie POCT MPOYHOCTH Ha CXKATHE Y
OCTOHHBIX  o0Opa3roB  0e3  J00aBOK W C
nonnkapOokcmaTHo  mobaBkoi  Xwumeran-['TI-9 B
KOJIMYECTBE 3,5 1/m? OETOHHOM cMecH
MPUOCTAHABIMBACTCS, a Yy ONBITHBIX OOpasloB C
noJimkapOokcunatHo pobaBkod  Xwumetan-I'TI-9 B
konmuuectse 3,1 n/M®  GeToHHOM cmecm  HAbOp
MIPOYHOCTHBIX MoKa3aTesen MIPOAOIDKAETCS,
NPEANOJIOKUTEIbHO, 32 CYET  JOIOJHUTEIBHOTO
00pa3oBaHusl KPUCTAIMYECKUX HOBOOOpPA30BaHUU W
3aI10JIHEHHS UMH TI0p B CTPYKTYpe OeTOHa.

MaxkpocTpyKTypa 0ETOHHBIX 00pas3IoB,
BBIJICP)KUBAEMBIX B arpeCCUBHOM cpezie, Kak BUIHO U3
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puc. 3, oriamyaercs — Ooiee
PacTBOPHOA COCTaBJISIOIIEH, Ha0II0Jar0TCS
BKparuleHus OeJbIX KpPUCTAJUIOB, TaKKe 3aMETHO
MEHbIIIee KOJMIECTBO MHUKPOTPEIIMH B Telle OCTOHA,
YTO MOATBEP)KIACT IMPEONOIoKEeHHE 00 00pa3oBaHHUU
Pa3IMYHBIX KPUCTALUTUYECKAX HOBOOOPa30BaHHA.

B pgampHEMImMX HCCIEIOBAHUSAX CTaBUTCSA 3a7adya
OTIpeNeNIeHUs] KPHUCTAIUTMYECKIX HOBOOOpA30BaHUN U
UX BIUSHUS Ha CTPYKTYpPY CyJIb(aToCTOHKOro
LIEMEHTHOTO KaMHs 1 O€TOHA Ha €ro OCHOBE.

CBCTJIBIM IIBCTOM

BbIBOJBbI

1. Hcmoab3oBaHue n00aBKH Xuperan-I'TI-9
IpearnoaaraeT CHIbKEHUE pacxona Bonasl Ha 15%, npu
stoM B/I] camxkaercs ¢ 0,65 mo 0,55 u coxpansercs
MOABM>XKHOCTB Mapku I13.

2. B pesyibTrare HCCIIeIOBAHMSA 9340
YCTaHOBJIEHO, YTO COCTaBbI OETOHOB C HCIIOJIb30BAHUEM
KapOOKCWJIATOB MOKa3ald HaWiIydllHe pe3yJIbTaThl
Habopa MPOYHOCTH, OCOOCHHO B arpecCHBHOU cpere.
Tax coctaB Ne 4 moka3zai mpogHOCTH O€TOHA HA CXKaTHE
HoCJIe XpaHeHMs ero B arpeccuBHON cpene 745 cyTok
Rex= 475 xr/em? (47,5 MIla).

3. Tlocne mnaUTENBHOTO XpaHEHHWsS B arpeCCUBHOM
cpefie, B yacTHOCTU B TedueHue 2920 cyTok, coctaB No4
MoKasaJl IIPOYHOCTh OeToHa Ha cxartue 519 kr/em? (51,9
MIla).

4. Tlpu ocMOTpe BHEIIHETO BHJa 00pas3loB KyOoB,
XpaHMBIINXCS B arpeccuBHOM cpene 2920 cyTok, Ob1I10
YCTaHOBJICHO, 4TO COCTOSIHHE 00pasioB
yznoBineTBoputensHoe. Ha moBepxHOCTH 00pa3nioB He
HaOII0AaIOCh CIIeZIOB KOppO3HUH OeroHa,
OTCYTCTBOBAJIM TPELIMHBI U CKOJIbI OETOHHOTO KaMHSI.

5. Ilokazarenu cpenHei MJIOTHOCTH
HCCIICZIOBAaHHBIX OCTOHOB COOTBETCTBYET TSKEIBIM
Oeronam 1o oOmeil knaccudukanuu. B cpenHem
IUIOTHOCTh OETOHHOTO KaMHSI COOTBETCTBYET IpeJieiaM
2350 — 2450 kr/m>,
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INVESTIGATION OF STRENGTH GAIN OF HEAVY CONCRETE IN AN AGGRESSIVE
ENVIRONMENT. USING SULPHATE-RESISTANT CEMENT

Svishch I.S.

V.I. Vernadsky Crimean Federal University, Academy of construction and architecture,
Kievskaya st., 181, Simferopol, 295493, Russia, e-mail: igorswishch@gmail.com

Summary. Experimental data are presented on changes in the compressive strength of heavy concrete using sulfate-resistant
cement, Crimean aggregates and additives based on polycarboxylate ethers when kept in an aggressive environment - liquid from
water treatment facilities in an urban-type settlement Gvardeiskoe, Simferopol district, Republic of Crimea. Compositions of heavy
concrete have been developed using hyperplasticizing (polycarboxylate) additives that are capable of increasing their physical and
mechanical characteristics over time when operating in aggressive environments. It is relevant to further develop the theoretical
and experimental foundations for the production of cement concrete using the latest generation of superplasticizing additives based
on polycarboxylates for wastewater treatment and recreational facilities. The durability of cement concrete is a key issue when
using it in wastewater treatment and recreational facilities. Cement concrete can be susceptible to sulfate corrosion. Sulfates have
a complex mechanism of action on the chemically active component of concrete - cement stone. Sulfates have a complex
mechanism of action on the chemically active component of concrete - cement stone. The corrosive effect can increase or decrease
depending on the concentration of aggressive components, with varying levels of exposure to salt solutions on the concrete
structure, periodic drying, and partial immersion. This is due to the fact that the chemical processes of interaction between an
aggressive environment and cement stone in concrete are influenced by physical processes of mass transfer of soluble components
and crystallization of corrosion products or soluble components, which can accelerate or inhibit chemical processes. The parameters
of the strength characteristics of the optimized compositions at different periods of strength gain have been established, and the
average density and water resistance of the optimized concrete compositions have been established.

Subject. heavy concrete using sulfate-resistant cement, Crimean aggregates and additives based on polycarboxylate esters.
Materials and methods. The research was carried out on specially selected compositions of concrete mixtures with mobility P3
on the most common raw materials in Crimea with and without a polycarbosylate plasticizing additive.

Characteristics of concrete mixture components:

The aggressive medium was liquid taken from a water treatment plant in the urban settlement of Gvardeyskoye, Simferopol district,
Republic of Crimea.

Results: 1. The use of Hidetal-GP-9 additive means a 15% reduction in water consumption, while the moisture content decreases
from 0.65 to 0.55 and the mobility of the P3 grade is maintained. 2. As a result of the study, it was found that concrete compositions
using carboxylates showed the best results in increasing strength, especially in an aggressive environment. Thus, composition No.
4 showed the compressive strength of concrete after storage in an aggressive environment for 745 days Rcom = 475 kg/cm?2 (47.5
MPa). 3. After long-term storage in an aggressive environment, in particular for 2,920 days, composition No. 4 showed a
compressive strength of 519 kg/cm?2 (51.9 MPa) of concrete. 4. When examining the appearance of cube samples stored in an
aggressive environment for 2,920 days, it was found that the condition of the samples was satisfactory. There were no signs of
concrete corrosion on the surface of the samples; there were no cracks or chips of concrete stone. 5. The average density of the
studied concretes corresponds to heavy concretes according to the general classification. On average— the density of concrete stone
corresponds to the limits of 2350-2450 kg/m3.4. When examining the appearance of samples of cubes stored in an aggressive
environment for 2920 days, it was found that the condition of the samples was satisfactory. There were no traces of concrete
corrosion on the surface of the samples; there were no cracks or chips of the concrete stone.

5. The average density of the studied concretes corresponds to heavy concretes according to the general classification. On average,
the density of concrete stone corresponds to the limits of 2350 — 2450 kg/m3.

Key words: polycarboxylate, sulfate-resistant cement, aggregates, concrete, strength, additives, composition.
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