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BJAMSHUE IPUMEHEHUSI MUHEPAJIBHBIX TOBABOK HA HEUTPAJIM3AIIAIO
IEJIOYHO- KPEMHE3EMHOU PEAKIIUN

A0a AnBaxen ®upac', Kpusodopoaos I0.P.!

1 Ha[IHOHaJIbHBIﬁ I/ICCJIeIIOBaTeJIbCKl/Iﬁ MockoBcKHii FocyﬂapCTBEHHblﬁ CTPOHTeJIBHbIﬁ YHUBEPCUTET

AHHOTALUS

B oannoii pabome npedcmagnensl pesyibmansi IKCNEPUMEHMANLHO20 UCCIE008AHUS, HANPABIEHHO20 HA OYEHKY dhdexmusrnocmu mu-
HepanbHbiX 000a60K 8 NOO0ABIeHUU WerouHo-KpemHezemHol peakyuu (LL[KP) 6 bemomne, asnaroujelica 0OHOU U3 OCHOBHLIX NPUYUH GHYIMPEH-
Hell 0e2padayuul U CHUNCEHUs O0N208E€YHOCIU HCENE300EMOHHBIX KOHCMPYKYULL, IKCNIYAMUPYEMBIX B0 BIANCHBIX YCI08UAX. AKMYanbHOCMb
uccnedosanus 00yciosieHa HeooxoouMocmvio paspadomxu IQdeKmueHvIX MEeXHOL02UYECKUX peuleHUll, 0becneyusaruux cmabulbHOCMs
MUKPOCMPYKIMYPbl YEMEHMHO20 KAMHS U Y8enudeHue CpoKa CIyHcObl GEMOHHbIX COOPYICEHUl, OCOOEHHO MOCHO8, 2UOPOMEXHUYECKUX U
ungppacmpykmypnvix 06vexmos. Ilpu npuecomosienuu 6emona ucnonb3oeaics necok Xanakmeipekui (Kamuamexuii kpaii, Poccus), cooep-
AHCAUULL NOBLIULEHHOE KOUYECME0 AKMUBHO20 KpeMHe3eMd, CHOCOOH020 8CHYNAMb 8 PEaKyUio CO WeI04amu YyeMeHma, Ymo yKasvbleaem Ha
BbICOKYIO 8EDOAMHOCMb PA3BUMUSA WeN0YHO-KpemHesemHol peakyuu (LLIKP) npu omcymcemeuu koppekmupyrouux 006a6ox. [lns chudicenus
unmencugnocmu LLIKP ucciedosanoce giuanue 08yx nyyyoiaHoguix 006asok: mukpoxkpemueséma (MKY-85) u opeanomunepanvrozo moou-
¢uxamopa MB2-50C, npedcmasgnarowezo codoll KOMROSUYUIO MUKPOKPEMHe3eMd U 301bl-YHocd. cnvimanus npogoouniucy no yYCKOpeHHou
memoouxe, pecnamernmuposarnou I OCT 8269.0, ¢ usmepenuem omHocUmenbHuIxX TUHEUHbIX Oehopmayuil 06pa3yo8 MeIKO3epPHUCOZ0 De-
TOHA, BbIOEPIHCUBAEMBIX 8 ujenouHoU cpede npu memnepamype (80 £ 2) °C. Pe3yivsmamul nokasanu, 4mo MuUKpoKpemHesem obnadaem
Hauboabwum uneubupyrowum 3ggexmom: npu cooepaicanuu 15 % om maccol yemenma HabIOOAIOCH CHUMNCEHUE dehopMayull Huxce npe-
Oenvnozo ypoeus (0,1 %) u cmabunuzayus ux 3Ha4eHull, YMo no360Jsem OMHECMU CMeCh K Kame20puu HepeakyuoHHocnocoouvx. Moougu-
kamop MbE2-50C maxoice npo0eMOHCMPUpOo8an CHOCOOHOCIb CHUNCAMb UHIMEHCUBHOCIb DEAKYUL U NOSLIUAMb CIADUILHOCHb NOBEOEHUS.
bemona 60 épemenu, 0OHAKO €20 IPPeKMUSHOCIb OKA3ANACH HUMCE NO CPAGHEHUIO ¢ MUKPOKpeMHesemom. [Ipu smom yseauuenue cooep-
arcanusn MB2-50C ceviute 15 % mooicem cyujecmgeHHO Nogblcums e20 UHSUOUPYIOWYI0 AKMUBHOCHIb, YmMO Oendem OaHHYI0 000A6KY IKOHO-
MUYECKU ONpasOAHHOU ATbMEPHAMUBOL NPU KOPPEKMUPOSKE DO3UPOBKIL.
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JIaH08ble 000ABKU, AKMUGHDLIL KpeMHe3eM, TUHeliHble depopmayuut, 001208e4HOCHb OemoHa.
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EFFECT OF MINERAL ADDITIVES ON THE NEUTRALIZATION OF THE ALKALI-
SILICA REACTION

Abd Alvahed Firas', Krivoborodov Yu.R.!
! Moscow State University of Civil Engineering (MGSU) National Research University

ABSTRACT

This paper presents the results of an experimental study aimed at evaluating the effectiveness of mineral admixtures in suppressing the
alkali-silica reaction (ASR) in concrete, which is one of the main causes of internal deterioration and reduced durability of reinforced
concrete structures operated under humid conditions. The relevance of the study is due to the need to develop effective technological solutions
that ensure the stability of the cement paste microstructure and extend the service life of concrete structures, particularly bridges, hydraulic
engineering facilities, and infrastructure objects. In the preparation of concrete, Khalaktyrsky sand (Kamchatka Krai, Russia) was used as
fine aggregate. This sand contains an increased amount of reactive silica capable of reacting with the alkalis of cement, indicating a high
probability of alkali—silica reaction (ASR) development in the absence of corrective admixtures. To reduce the intensity of ASR, the influence
of two pozzolanic admixtures was investigated: silica fume (MKU-85) and the organomineral modifier MB2-50S, which represents a com-
position of silica fume and fly ash. The tests were carried out using an accelerated method regulated by GOST 8269.0, involving measure-
ments of the relative linear expansion of fine-grained concrete specimens stored in an alkaline environment at a temperature of (80 + 2) °C.
The results showed that silica fume exhibited the strongest inhibiting effect: at a dosage of 15% by mass of cement, the measured expansions
decreased below the limiting level (0.1%) and stabilized, allowing the mixture to be classified as non-reactive. The MB2-50S modifier also
demonstrated the ability to reduce the reaction intensity and improve the long-term stability of concrete behavior, however, its effectiveness
was lower compared with silica fume. At the same time, increasing the content of MB2-50S above 15% may significantly enhance its inhibiting
activity, making this admixture an economically justified alternative when adjusting the dosage.

KEY WORDS: alkali-silica reaction (ASR), silica fume, organomineral modifier, pozzolanic admixtures, reactive silica, linear expan-
sion, concrete durability.
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BBEJEHHUE

OpHoit W3 Hambonee CephE3HBIX MPOOJIEM, ¢ KOTOPHIMHU
CTAJIKUBACTCS COBPEMEHHOE IIPOM3BOJCTBO OCTOHA, SBISETCA
menoyHo-kpemHe3émHas peakus (LLIKP), Bo3aukaromas mpu
WCIOJb30BaHUN HEKOTOPBIX BHUJOB 3aloJIHUTENeH. [laHHBIN
MPOIIECC SIBJISCTCS OJHUM U3 KIFOUEBBIX (PAKTOPOB BHYTpPCH-
Hell erpafanuu 6eToHa, NPUBOIIEH K CHIDKEHHUIO ero Mpoy-
HOCTHBIX XapaKTePUCTUK U jonroBednoctH [1-5]. LIIKP Obuta
3aUKCHpPOBaHA BO MHOTUX CTPaHAaX C Pa3IHYHBIMHU KIIUMATHU-
YECKHIMH YCJOBHSAMH, BKIIOYAs PETHOHBI C ITOBBIIICHHOW
BIAKHOCTBIO M arpeccUBHON cpemoit [6,7]. OmacHOCTh IaH-
HOTO TIpoIlecca 3aKI0YaeTcss B TOM, YTO OH pa3BUBACTCA
CKPBITHO, a €r0 MOCIICICTBHUS CTAHOBSITCS 3aMETHBI TOJIBKO Ye-
pe3 3HAYUTEIBHBIN MPOMEXYTOK BPEMEHH MOCJIE BBOJAA CO-
OpY’KEHHS B SKCILTyaTaIHIO.

Peakuus nHunuupyercs B3aMMOJCHCTBUEM LIEIIOYEH, CO-
nepxamiuxcs B neMeHte (Na20 u K20), ¢ peakiioHHOCIOC00-
HBIM KpEeMHE3EMOM, NMPHUCYTCTBYIOIUM B COCTaBE 3aIlOJIHU-
Tend. B mpucyTcTBuM Bnarm obpasyercsl LIeI0YHO-KpeMHe-
3émHbINA Tenb (ASR-gel), KOTOpBIii 00JaaeT BHICOKOW CIIO-
COOHOCTBIO K cOpOIMU BOABL. B pe3yibrare 3TOro nmpomcxo-
T TIOCTETICHHOE HA0yXaHWe Tellsl, YTO MPUBOJNUT K BO3IHUK-
HOBEHHUIO BHYTPCHHUX HAIPSDKCHUHA B IIEMEHTHON MaTpHIIC.
Co BpeMeHeM 3TO BEBI3BIBACT MOSBICHHUE CETYATHIX U KapToO-
rpad)M4ecKuX TPEUIHH, a TaKKe CHIDKCHHE IPOYHOCTH H JI0JI-
TOBEYHOCTH OCTOHHBIX KOHCTpPYKIHiA [8-10].

Oco0OeHHO MHTEHCHBHO JAaHHBIA MpPOIECC MPOTEKAEeT BO
BIIQXKHBIX KIMMATUYECKUX 30HAX, a TakKe B KOHCTPYKIIUSX,
SKCIUTyaTHPYEMBIX B YCIOBHSAX ITOCTOSIHHOTO YBIIQXKHEHUS,
HampuMep, B MOCTaX, THAPOTEXHUUECKUX COOPYKEHUSAX, TIPH-
OpexHbIX MIaThopMmax, a TaKKe Ha OOBEKTaX BOOIOIIO-
TOBKH. B Takux ycnoBusX co31aé€rcs onTUMalIbHAs cpena Jis
mmtensHoro nporekanus LIIKP, uTo mpuBoauT k mporpeccu-
pyrolen CKpeITOil nerpaganuu Mmarepuana [11-13].

Tak kak pa3BUTHE PEAKIUU HAYMHACTCS HA MHKPOCTPYK-
TypHOM YPOBHE, €€ paHHSISI TUarHOCTHKA MPEICTABISIET COOO0M
3HAYUTENBHYIO CIOXKHOCTH. Ha mpakTHKe BEpOSTHOCTH BO3-
aukHoBeHUs LIIKP ompenensercs myTtém mpoBeaeHus nabopa-
TOPHBIX UCIIBITAHWH 3aMOJHUTENICH J0 UX HCIOJIb30BaHUS, B
TOM YHCJIE€ C IPUMEHEHHEM CTaHIAPTHBIX METO/OB, OMMCAH-
HeIXx B ASTM C1260%, u TOCT 8269.0-97°,no3Bonstomux
OIICHUTH TIOTCHINANBHYIO PEAKIIMOHHYIO CIIOCOOHOCTH 3aM0J-
HUTEJA MyTEM U3MEpPEHUs INHEHHBIX nedopmarnuii mpu yCcKo-
PEHHBIX YCIOBUAX UCTIBITAHUM.

B coBpeMEHHBIX TEXHOJOTHAX MPOM3BOJACTBA OETOHA
npenorpauienue LLIKP sBisercs Bakneiien 3anadeil npo-
EKTUPOBAHUS JJOJITOBEYHBIX KOHCTPYKIMA. OIHIM U3 HauOo-
nee 3¢ ¢dexkTUBHBIX criocoOoB cHmxkeHus pucka LI[KP cuwnra-
€TCSI UCTOJIB30BaHUE MUHEPAIBHBIX 00ABOK C MYIIIOJaHO-
BBIMH CBOHCTBAaMH, CIIOCOOHBIX H3MEHSATH HISJIOYHYIO CPEIy B
nmopax OETOHa M CHIKATh JOCTYIMHOCTh KpeMHe3éMa IS pe-
akmuu [5, 14-17].

K umcny nHambomnee pacmpoCTpaHEHHBIX ITyNIIOIAHOBBIX
MaTepHaJoB, CIIOCOOHBIX CHUXKATh HHTEHCUBHOCTH [IIKP, oT-
HOCSATCSL:

- MUKPOKPEMHE3EM;

INTRODUCTION

One of the most serious problems faced by modern con-
crete production is the alkali—silica reaction (ASR), which oc-
curs when certain types of aggregates are used. This process is
one of the key factors of internal concrete deterioration, lead-
ing to a reduction in its strength characteristics and durability
[1-5]. ASR has been documented in many countries with dif-
ferent climatic conditions, including regions with high humid-
ity and aggressive environments [6,7]. The danger of this pro-
cess lies in the fact that it develops covertly, and its conse-
quences become noticeable only after a considerable period of
time following the commissioning of a structure.

The reaction is initiated by the interaction of alkalis con-
tained in cement (Na2O and K2O) with reactive silica present
in the aggregate. In the presence of moisture, an alkali—silica
gel (ASR gel) is formed, which has a high capacity for water
absorption. As a result, the gel gradually swells, leading to the
development of internal stresses within the cement matrix.
Over time, this results in the formation of network and map
cracking, as well as a reduction in the strength and durability
of concrete structures [8—10].

This process proceeds particularly intensively in humid cli-
matic zones, as well as in structures operated under conditions
of constant moisture exposure, such as bridges, hydraulic en-
gineering structures, coastal platforms, and water treatment fa-
cilities. Under such conditions, an optimal environment is cre-
ated for the long-term development of ASR, which leads to
progressive hidden degradation of the material [11-13].

Since the development of the reaction begins at the micro-
structural level, its early diagnosis is a significant challenge.
In practice, the probability of ASR occurrence is determined
by conducting laboratory tests of aggregates prior to their use,
including the application of standard methods described in
ASTM C1260' and GOST 8269.0-97%, which allow the poten-
tial reactivity of aggregates to be assessed by measuring linear
expansion under accelerated testing conditions.

In modern concrete technology, the prevention of ASR is
one of the key tasks in the design of durable structures. One of
the most effective ways to reduce the risk of ASR is the use of
mineral admixtures with pozzolanic properties, which are ca-
pable of modifying the alkaline environment in the pores of
concrete and reducing the availability of silica for the reaction
[5,14-17].

Among the most common pozzolanic materials capable of
reducing the intensity of alkali—silica reaction (ASR) are:

- silica fume;

- metakaolin;

- fly ash;

- granulated blast furnace slag.

These materials exhibit high pozzolanic activity and are ca-
pable of binding calcium hydroxide formed during cement hy-
dration, which leads to a reduction in the concentration of free
alkalis and a decrease in the alkalinity of the pore solution. As

8 ASTM C1260 — Standard Test Method for Potential Alkali Reactivity of Aggregates (Mortar-Bar Method). ASTM International.
*TOCT 8269.0-97 — I1]e6GeHb 1 rpaBHii U3 ILIOTHBIX TOPHBIX IIOPOJL ¥ OTXOIOB POMBIILIEHHOTO MPOU3BOACTBA IS CTPOMTENBHBIX

paboT. MeTons! pU3NKO-MEXaHNIECKNX HCIBITAaHHI

GOST 8269.0-97 — Crushed stone and gravel from dense rocks and industrial waste for construction work. Methods of physical

and mechanical testing
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- METaKaoJIMH;
- 30J1a-YHOC;
- TPaHyJIMPOBAaHHBIN JOMEHHBIN LIAK;

OTu MaTepuansl 00NagaroT BBICOKOW ITYIIONIAHOBOM ak-
THUBHOCTBIO U CIIOCOOHBI CBSA3BIBATH TMAPOKCHU] KaJIbLHs, 00-
pasyromuiics Ipy ruApaTaluy [IEMEHTa, YTO IPUBOANT K CHU-
JKCHUIO KOHIIEHTPaLUK CBOOOIHBIX LIEJI0UEH 1 yMEHBIICHUIO
MENTOYHOCTU HOPOBOrO pacTBopa. B pesympTate cos3parorcs
MeHee OJaronpusTHbIE YCIOBHS ISl HPOTEKaHUS IEIIOYHO-
KpeMHe3EMHOH peakiuu. Kpome Toro, npuMeHeHne Takux J0-
6aBOK CIIOCOOCTBYET YINIOTHEHHIO CTPYKTYpPBhI IEMEHTHOTO
KaMHS M CHIDKCHHIO €r0 IMPOHHIAEMOCTH, YTO OTPAHMIMBACT
JOCTYII BJIarm — BaxkHeHmiero ¢akropa mportexanms LI[KP
[14-17].

Iesb10 padoThI ABIIIOCH OIIEHUTH (P (PEKTUBHOCTH MIPH-
MCHEHHS MHUHEPAJIbHBIX 100aBOK B ITOJABJICHHU IIEIOYHO-
kpemHe3éMHoit peakuun (ILKP) B 6eToHe.

MaTepnan bl 1 ME€TOABI

B nanHOM HccnenoBanuu ucronb3oBaics nemMeHT LIEM 1
42,5 H, npousBenénnslii Ha 3aBoge «IIponerapuit» koMnaHuu
«HoBopocuemenT» B ropojae HoBopoccuiicke. 9To mopTiaH-
nemeHT tuna CEM I, xapakTtepusyomuiics cyMMapHbIM CO-
JIep’KaHueEM IeI0YHbIX OKcHI0B R2O B kimnkepe — 0,75 %.

B xadecTBe 3amonHUTENS B paboTe HCIOIH30BAJICS TECOK
KA XalaKTBIPCKUH, moObIThI B Kamuarckom kpae. s
OIICHKH €T0 MCXOIHBIX CBOWCTB M MPUTOTHOCTH K MPUMEHE-
HUIO B COCTaBe OCTOHHBIX CMeceii Oblila MpoBeAeHA cepus Pu-
3UKO-MEXaHHYECKIX HCIBITAHUHA B COOTBETCTBUU C TpeOoBa-
Hussmu ['OCT 8736, HampaBleHHBIX Ha MPOBEPKY COOTBET-
CTBHSI JaHHOTO IeCKa HOPMATHUBHBIM IOKa3aTelsIM KadecTBa
3aMOJIHUTEIS.

Pe3synbTathl MCHIBITAaHUIA:

- HaCBIMHAsI IVIOTHOCTD Py = 1536 Kkr/m>;

- COJeprKaHUEe MbUIEBUIHBIX U MHUCTHIX yacTull — 0,4 %;

- HICTHHHAS INIOTHOCTE — 2,75 1/cM3;

- OpraH9YecKrue NPUMECH — OTCYTCTBYIOT;

- TIMHA B KOMKaX He 0OHapy’)keHa, P HOpMaTHuBe He Oojee
0,25 % 1o macce (tabmauma 4 TOCT 8736-9317).

Ha ocHOBaHWHU TIONYYEHHBIX NAaHHBIX YCTAHOBJIECHO, UYTO
necok coorBercTByeT TpeboBanmsiv ['OCT 8736, uto mo3Bo-
JISIeT UCTIOIb30BaTh €T0 B KAYECTBE 3aIIOJTHUTENS B OETOHHBIX
CMecsX.

st onipeniesieHus peakIiMOHHOM aKTUBHOCTH TIeCKa ObLITH
HCIIOJIB30BaHBI JIB€ METOJIUKH, IIPEYyCMOTPEHHBIE ITyHKTaMHU
4.22.2-4.223TOCT 8269.0-97:

- XUMHUECKHH METOJl — PacTBOPEHHE PEaKIIMOHHOCIIOCO0-
Horo kpemHe3éMa (Si02) B pacTBOpe r'HIpOKCH/Ia HATPHS C TIO-
CJIEAYIOIIUM OTIPEJIEIIEHHEM €TI0 MACCHI;

- YCKOpEHHBII METO/1 — M3MEpPEHUE OTHOCUTENBHBIX Jedop-
Manuii 06pa3oB MEIKO3EPHUCTOrO OETOHA MPH BBIIEPKHUBa-
HUU B IEJIOUHOM cpefie.

CornacHoO pe3yiapTaTaM aHaIHM3a, COJACPKAHNUE PACTBOPH-
MOTO B IIENOYHM JHUOKCHAA KPEeMHHS coCTaBwio 2228
MMOJIB/JI, 9TO 3HAYUTEIHHO IPEBHIIIACT HOPMATHBHOE 3HAYE-
Hue 50 MMomw/n, ycraHoBneHHoe B mpuinokeHun A ['OCT
8736. D10 yKa3pIBaeT Ha BHICOKYIO MOTEHIMAIBHYIO PEAKIIH-
OHHYIO CITIOCOOHOCTBH JIaHHOTO 3aIlOJIHUTENST M BEPOSITHOCTD
passurus LLIKP npu ero ncronbs3oBaHuu B coctaBe O€TOHA.

a result, less favorable conditions are created for the develop-
ment of the alkali—silica reaction. In addition, the use of such
admixtures contributes to the densification of the cement paste
structure and reduces its permeability, thereby limiting the in-
gress of moisture—one of the key factors governing ASR de-
velopment [14—17].

The aim of this study was to evaluate the effectiveness of
mineral admixtures in suppressing the alkali—silica reaction
(ASR) in concrete.

Materials and Methods

In this study, CEM 1 42.5 N cement, produced at the Pro-
letary plant of the Novoroscement company in Novorossiysk,
was used. This is a portland cement of type CEM I, character-
ized by a total alkali oxide content (R:0) in the clinker of
0.75%.

As a fine aggregate, Khalaktyrsky beach sand extracted in
the Kamchatka Krai was used. To assess its initial properties
and suitability for use in concrete mixtures, a series of physical
and mechanical tests was carried out in accordance with the
requirements of GOST 8736, aimed at verifying compliance
with the standard quality indicators for aggregates.

Test results:

- bulk density p, = 1536 kg/m?;

- content of dust and clay particles — 0.4%;
- true density — 2.75 g/cm?;

- organic impurities — not detected;

- clay lumps — not detected, with a standard limit of not
more than 0.25% by mass (Table 4, GOST 8736-933).

Based on the obtained data, it was established that the sand
complies with the requirements of GOST 8736, which allows
it to be used as an aggregate in concrete mixtures.

To determine the reactivity of the sand, two methods spec-
ified in clauses 4.22.2-4.22.3 of GOST 8269.0-97 were used:

- Chemical method — dissolution of reactive silica (SiOz)
in a sodium hydroxide solution followed by determination of
its mass;

- Accelerated method — measurement of the relative ex-
pansion of fine-grained concrete specimens stored in an alka-
line environment.

According to the analysis results, the content of alkali-sol-
uble silicon dioxide was 222.8 mmol/L, which significantly
exceeds the regulatory value of 50 mmol/L established in Ap-
pendix A of GOST 8736. This indicates a high potential reac-
tivity of the aggregate and a high probability of ASR develop-
ment when it is used in concrete.

In order to reduce the risk of ASR, additional tests were
carried out on concrete mixtures with the use of inhibiting min-
eral admixtures, including:

10 TOCT 8736-93 ecok s CTpOUTENbHBIX PaGoT. TeXHUUECKHE YCIOBHL.

GOST 8736-93 Sand for construction work Specifications.
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C nenpro camkenns pucka [IIKP 6b1m1 ipoBeieHs! 10T0d1-
HHUTEJbHBIC HCIBITAaHUS OCTOHHBIX CMeceil ¢ NMpHMeHEeHHEeM
MHTUOHUPYIOMNX MUHEPAITBHBIX J00aBOK, BKITFOYAS:

- MukpokpeMHe3éM MKVY-85 — BrICOKOaKTHBHAs MHHEPAIb-
Has 100aBKa ¢ BBIPAXCHHBIMH ITYIIIOJIAHOBEIMH CBOWCTBAMH
[18];

- opranoMuHepaibHbId Moaudukarop MB2-50C [19] B coor-
sercTBuu ¢ TOCT P 56178-2014!! — kommekcHas 106aBKa Ha
OCHOBE MHUKPOKpEMHEe3EMa U 30I]bI-yHOCa, NMPeCTaBIAIOIAs
0oJiee SKOHOMUYHYIO ajlbTEPHATUBY YHCTOMY MUKPOKPEMHeE-
3éMy TIpH COXPAaHEHNH MHTHOMPYIOIINX CBOHCTB B OTHOIIE-
auu [IIKP [20].

Uzrorosnenne 00pa3oB MPOBOIMIOCE B COOTBETCTBHH C
tpeboBanusamu 1. 4.22.3 TOCT 8269.0-97. B tabmune 1 npen-
CTaBJICHBI COCTaBBI OOpa3lOB W OCHOBHBIC XapaKTEPUCTHKH
MEIIKO3EPHUCTOTO OETOHA, WCHOIB30BAHHOTO I YCKOPEH-
HBIX UCTIBITAHU.

- silica fume MKU-85 — a highly active mineral admixture
with pronounced pozzolanic properties [18];

- organomineral modifier MB2-50S [19], in accordance
with GOST R 56178-2014* — a complex admixture based on
silica fume and fly ash, representing a more economical alter-
native to pure silica fume while maintaining inhibitory prop-
erties with respect to ASR [20].

Specimen preparation was carried out in accordance with
the requirements of clause 4.22.3 of GOST 8269.0-97. Table
1 presents the compositions of the specimens and the main
characteristics of the fine-grained concrete used for the accel-
erated tests.

TABJIMIIA 1 COCTABBI 1 OCHOBHBIE XAPAKTEPUCTHUKHU MEJIKO3EPHUCTOI'O BETOHA
Table 1 Composition and main characteristics of fine-grained concrete

CocraB 6eToHa
Concrete composition (RO
NeNe COCTaBOB ME2-50C B/ KOHYyCa,
Composition No. IlemeHT MKY-85 Sl Iecox Bona Ww/C Cone spread
Cement Microsilica Sand Water (106-115mm)
supplement
1 400 - - 900 148 0.37 114
2 380 20 - 900 141 0.37 113
3 360 40 - 900 148 0,41 111
4 340 60 - 900 156 0,46 113
5 380 - 20 900 125 0,33 114
6 360 - 40 900 137 0,38 110
7 340 - 60 900 136 0.4 109

IToaroroBka 06[)331[0]3 U NMPOBEACHUE YCKOPEHHOT0 UC-
NbITAHUSA

[Toce mpuroTOBNEHUsS CMecei, MPeICTaBIeHHbIX B Ta0-
e 1, oOpasusl ObUM cHOPMOBAHBI U MPOMAPKHPOBAHBI C
yKa3aHHUEM HalpaBJIeHHs «BepX — HM3». Ilocne pacmamyOku
00pa3Ipl TOMEaI B KOHTEHHEPHI ¢ JUCTH/UIMPOBAHHOM BO-
JIOM TakUM 00pa3oM, YTOOBI YPOBEHb BOABI MPEBBIIAN BEpPX-
HIOIO TPpaHb o0pa3mna He MeHee yeM Ha (20 + 2) mm. KoHTeit-
Hepbl TEPMETUYHO 3aKphIBAJIM U IOMEIANd B TepPMOKamepy
npu temneparype (80 + 2) °C na npotsxenuu (24 + 1) g s
MIPOBEJICHUS TPEIBAPUTEIHLHON BOAHON 00pabOTKH.

ITo 3aBepmieHNM 3TOH cTaauu 00pa3lbl N3BIEKANHN, aKKY-
paTHO YJAJSUTH BJIAry ¢ TIOBEPXHOCTH BIAXHOH cal(heTKON u
M3MEPSIN HaYaJIbHYIO JUTMHY TPH MOMOIIH I(POBOTO M3Me-
puressHOro nmpudopa ¢ TouHocTho 0,05 MM.

Janee Boay B KOHTeIHepaxX 3aMEeHsUIU paCTBOPOM THAPOK-
CHJIa HAaTpHs KOHIEHTpauuyu 1 MoJb/1 (IPUrOTOBJIEHHBIM pac-
tBOopeHueM 40 r NaOH B 900 Ma AMCTHIIMPOBAaHHON BOABI €
HOCJIETyIOLIMM JIOBEZIeHHeM 00b&Ma 10 1 1), mpu 3TOM ypo-
BEHb pacTBopa Hajx oOpasmamu coctasisut (20 + 2) mm. [Tocie
3aMEHBI PAacTBOpa KOHTEWHEPHI BHOBH IJIOTHO 3aKPHIBAIU U
BO3BpALIAJIHN B KINMATHIECKYIO KaMepy ¢ TIOCTOSTHHOM TeMIe-
patypoii (80 £ 2) °C.

Preparation of Specimens and Accelerated Testing
Procedure

After the preparation of the mixtures presented in Table
1, the specimens were molded and labeled with an indication
of the «top—bottom» orientation. After demolding, the spec-
imens were placed in containers filled with distilled water
so that the water level exceeded the top surface of the spec-
imen by at least (20 + 2) mm. The containers were hermeti-
cally sealed and placed in a thermostatic chamber at a tem-
perature of (80 £ 2) °C for (24 = 1) h to carry out preliminary
water conditioning.

After this stage was completed, the specimens were re-
moved, surface moisture was carefully removed using a
damp cloth, and the initial length was measured using a dig-
ital measuring device with an accuracy of 0.05 mm.

Subsequently, the water in the containers was replaced
with a sodium hydroxide solution with a concentration of 1
mol/L (prepared by dissolving 40 g of NaOH in 900 mL of
distilled water followed by dilution to a final volume of 1
L). The solution level above the specimens was maintained
at (20 + 2) mm. After replacing the solution, the containers
were tightly sealed again and returned to the climatic cham-
ber maintained at a constant temperature of (80 = 2) °C.

"'TOCT P 56178-2014 MoauguKaTopsl OpraHo-MUHepanbHble THIa MB 115 6€TOHOB, CTPOUTENBHBIX PACTBOPOB H CYXHX CMECEIi.

Texuuueckue ycioBus

GOST R 56178-2014 Modifiers of organic-mineral origin of MB type for concretes, mortars and dry mixes. Specifications.
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3aTeM NPOBOJMIINCH €KECYTOUHBIC U3MEPEHUS TNHEHHBIX
nedopmanmit 00pa3noB ¢ uaTEepBasoM (24 + 0,5) 9. Mcmeita-
HUE MPOJOJKAIOCh A0 MoyydeHus He mMeHee 11 mocnenoa-
TENBHBIX U3MEPEHUH B COOTBETCTBUH C MOPSIIKOM U TpeOoBa-
HusMH, yetanoBieHHBIME ['OCT 8269.0-97.

[Tony4eHHbIe PKCIIEpUMEHTAIbHBIE JaHHBIE 00pabarhiBa-
JIMCH MyTEM MOCTPOSHHMSI KPUBBIX Pa3BUTHS JIMHEHHBIX Jedop-
Manuii BO BpeMEHHM W pacyéra OTHOCHUTEIBHOTO Y UIMHEHUS
JUISL KaXKI0# uccneyeMoll OeTOHHOM cMecu. DTH pe3yIbTaThl
UCIIOJIb30BAJIUCH JISl OLIGHKH PEaKIHMOHHOW aKTHBHOCTH 3a-
noJHATENS U 3P PEeKTHBHOCTH MHUHEpPANBHBIX T00aBOK-WHTHU-
OUTOPOB B CHIDKCHHM WHTEHCHBHOCTH Pa3BHUTHS IIEIOYHO-
kpemHe3éMHoU peakuun (LLIKP).

B coorBerctBuu ¢ TpeboBaHmsmu cranmapra ['OCT
8269.0-97, zanmonHHUTENH TMPHU3HAETCS HEPEAKIHOHHOCIIOCO0-
HBIM, €CJIM OTHOCHUTENbHAs NMHEHHas nedopmanns oOpasios,
BBIIEP)KAHHBIX B PacTBOpPE T'HAPOKCHIA HATpHs, HE IPEBBI-
maet 0,1 %, a mocnenHee u3MepeHune (OAUHHAIIATOE) OTKIIO-
HsieTcst He Oonee yeM Ha £15 % oT cpepHero 3HaueHUs TPEX
MpeABIAYIINX H3MEPEHUl (BOCBMOT0, AEBSTOTO U IECSATOIO).

B ciyugae, ecnu 3nauenue nedopmarnuu npessimaet 0,1 %
WX pa3dHyulla MEXAY IMOCJICIHNUM IMMOKa3aHUEM U CPCIHUM 3HaA-
YEeHHEM TPEX MPEeAbIIYIINX COCTaBIsIeT Oomnee 15 %, 3amomHu-
TENIb OTHOCUTCS K KaTErOpUH MOTEHINAIBHO PEAKIHOHHOCIIO-
COOHBIX.

B Takmx ciydasx AOIyCTUMOCTH €ro NPHUMEHEHHS B CO-
cTaBe OETOHAa NOJDKHA OBITh MOATBEPXKICHA JOIOJHHUTEIb-
HBIMH JJONTOBPEMEHHBIMH HCIBITAHUSIMU 00pa31oB OCTOHHOM
CMECH B TEUCHHE OJHOIO rojia C MOCIEAYIOUIMM KOHTPOJIEM
HU3MCHCHUA MJIMHBI U COCTOSIHUA MaTEpurala.

[Tocne 3aBepiieHHst BCeX ATANOB U3MEPEHUN ObUIM IMOJTY-
YeHbI Pe3yJIbTaThl, KOTOphIe 0TOOpaXKeHbI Ha rpaduke, Moka-
3aHHOM Ha pUCYHKE 1, Tie IPOJAEMOHCTPUPOBAHO U3MEHEHUE
JMHEHHBIX JleopMannii BO BpEMEHH ISl KaKIO0TO MCCIeLye-
MOT0 cocTaBa OeToHa.

Thereafter, daily measurements of the linear expansion
of the specimens were performed at intervals of (24 + 0.5)
h. The test continued until at least 11 consecutive measure-
ments were obtained in accordance with the procedure and
requirements established by GOST 8269.0-97.

The obtained experimental data were processed by con-
structing expansion—time curves and calculating the relative
expansion for each investigated concrete mixture. These re-
sults were used to assess the reactivity of the aggregate and
the effectiveness of mineral inhibiting admixtures in reduc-
ing the intensity of the alkali—silica reaction (ASR).

In accordance with the requirements of GOST 8269.0-
97, an aggregate is considered non-reactive if the relative
linear expansion of specimens stored in a sodium hydroxide
solution does not exceed 0.1%, and the final measurement
(the eleventh) deviates by no more than +15% from the av-
erage value of the three preceding measurements (the eighth,
ninth, and tenth).

If the deformation value exceeds 0.1%, or if the differ-
ence between the final measurement and the average of the
three preceding values exceeds 15%, the aggregate is classi-
fied as potentially reactive.

In such cases, the admissibility of its use in concrete
must be confirmed by additional long-term tests of concrete
specimens conducted over one year, followed by monitoring
of changes in specimen length and the condition of the ma-
terial.

After completing all measurement stages, the results
were obtained and are presented in the graph shown in Fig-
ure 1, which illustrates the change in linear expansion over
time for each investigated concrete composition.

HNwarpamma aecdopmauumih obpasuos

PUCYHOK 1
e €1
[ — be3 nobaeok
3ABUCHUMOCTH PA3ZBUTHSI oo — i o eEsis 5% (€2)
JIMHEUHBIX TE®OPMAIIMU BO BPE- saal_— :::ggi‘;:::::: = g;
MEHMU JJ1s1 UCCIEAYEMbBIX COCTA- 0.32 | — ME2-50C 5% (C5)
;i F —— MB2-50C 10% (C6)
BOB BETOHA R g;g | — MB2-50C 15% (CT)
£ 026)
g 0.24}
Figure 1 5022¢
& Zo20f
Dependence of the development of linear & g:ii:
deformations over time for the studied con- 5 0,14}
crete compositions 5 012¢
2 0.10F-——-
& 0.08f
0.06}
0.04}
0.02}
0.00}

AHamnu3 NOJTyYeHHBIX ITAHHBIX 110 OTHOCHTEJILHBIM JieopMa-
UM 00pa3loB CBUIETEIHCTBYET O 3aMETHON BapHaTUBHOCTH
TIOBEJICHNS HWCCIIEOBAaHHBIX COCTABOB B 3aBHCHMOCTH OT THIIA
NpUMEHEHHOW NOOAaBKH M € JONIM OT MacChl IeMeHTa. B KoH-
TPOJILHOM COCTaBE, HE COAEPIKAIEM KaKUX-TH00 MUHEPATIBHBIX

The analysis of the obtained data on the relative expan-
sion of the specimens indicates significant variability in
the behavior of the investigated compositions depending
on the type of admixture used and its proportion relative
to the mass of cement. In the control mixture, which did
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WM OpraHOMHUHEPATBHBIX MOTU(PHUKATOPOB, KOHEUHast Aedop-
marms (KJ) mocturia 0,375 %, npu cpexrem 3Hauennu (C/]) 3a
12—14-e cytkn Ha ypoBHE 0,340 % M OTHOCHTETHLHOM PacXOk-
neHun B 9,2 %. HecMoTpst Ha yJOBIETBOPUTEIBHYIO CTAOMIb-
HOCTh TIOKa3aTeliell Ha 3aKIIOYUTENHHOM 3Talle, caM ypOBEHB
Jnedopmanuy cynecTBeHHO MPEBbIIaeT HOPMATUBHBIH Mpesed,
9TO YKa3bIBAaeT Ha BBIPAXKEHHYIO CKJIOHHOCTb 3allOJHUTENS K
LIEJIOYHO-KPEMHE3EMHOM peakuy. Takoil cocTas cileyeT Ipu-
3HATh PEaKI[MIOHHOCIIOCOOHBIM.

Bo BTOpOM cocTaBe, cofepaxalieM MUKpOKpEMHE3EM B KOJIU-
gecTBe 5 % OT Macchl IIeMeHTa, KOHeuHas Ae(opMartus CHA3H-
mack g0 0,215 %, ogHako cpenHee 3HaueHHe 3a 12—14-e cyTKn
cocrasmio 0,177 %, a OTHOCHTENFHOE PACXOKICHUE TOCTUTIIO
17,7 %, 4T0 TIpeBBIIIAET IOMyCTUMYIO BennauHy. HecmoTpst Ha
HEKOTOpOE CHIDKEHHE YPOBHS edopManuii, moKa3aTel ocTa-
FOTCS BEIIIIE HOPMATHBHOTO TIpeziesa, a HeCTaOMIBbHOCTD B KOHIIE
HaOJIOCHUH TOATBEPKIAET COXPAHSIONIYIOCS aKTUBHOCTD XH-
MHMYECKOro B3aumojclkcTBusa. ClienoBaTeIbHO, TaHHBIA COCTaB
TaK)Ke OTHOCUTCS K PEaKIIMOHHOCIIOCOOHBIM.

B Tperbem coctaBe, MOaM(UIMPOBAHHOM MHKPOKpPEMHE3E-
MoM B koimuectBe 10 %, KOHEUHOE 3HAUeHUe nehopMaIuy Co-
ctaBuio 0,0806 %, uyTo yKiIaabIBaeTCsl B HOPMATUBHBIN TIpEIe.
Opnako cpennee 3HaueHue 3a 12—14-e cytku (0,0582 %) u BHI-
COKHil ypOBEHb OTHOCHUTEIHHOTO pacxoxaeHus (27,8 %) yka3bl-
BalOT Ha OTCYTCTBHE CTaOMIM3aliy IpoIiecca Ha MO3IHeH cTa-
Y HCTIBITaHui. HecMoTpst Ha CHIDKeHHE HHTEHCUBHOCTH PeaK-
Ui, pa3BuTHE XedopManuii MPOFOIDKAETCS, YTO IO3BOJISICT
KJIacCH(UIMPOBATH TAHHBII COCTAB KaK MOTCHIINAIBHO PEaKITH-
OHHOCIIOCOOHBIH.

Hawnbosnee GnaronpusTHBINA pe3ysbTaT MPOJEMOHCTPUPOBAH
94eTBEPTHIM COCTABOM, cojepkamuM 15 % MHuKpokpeMHe3EMa.
Koneunas nedopmarus cocrasuia 0,0654 %, cpennee 3HaueHHe
— 0,0562 %, a otHOcHuTenbHOE pacxoxnenue — 14,1 %, dto
HAXOIUTCS B TpeieNiax JOIYCTHMBIX 3HaueHWH. JlocTUTHYyTas
CTaOMILHOCTE TOKa3aTeliell W HHU3KWHA YPOBEHBb IedopMmanuii
CBUJICTENLCTBYIOT 00 3()()eKTUBHOM CHMKCHHUW KOHIICHTPAIUU
cBOOOTHBIX mIenouei 1 0 GopMupoBaHHU OOJIee IIIOTHOH CTPYK-
TypBI IEMEHTHOTO KaMHs. DTOT COCTaB MOXKHO OTHECTH K KaTe-
TOPHH HEPEAKIIMOHHOCTIOCOOHBIX IT0 OTHOIICHHIO K MIETI0YaM.

I'mcTorpamma KOHeUHBIX JedopManuii U UX CpeTHUX 3HaUe-
HUM 32 12—14-e cyTKH 00pa31ioB BIJICPKAHHBIX B PACTBOPE M-
pOKcHIa HAaTPUS B 3aBHCHMOCTH OT MHUKPOKpEMHE3eMa U €ro
JIOJIM OT MaccChl IIEMEHTa NPEACTaBICHBI Ha pUC. 2. YPOBEHb Jie-
(hopmaru 1 ero HOPMAaTUBHBIHN MPEes Ik 00Pa3loB CoepKa-
X MUKPOKPEMHE3eM IpEeACTaBIeH Ha pucC. 3.

Takum 00pa3oM, yBeIHUYHBAs B COCTaBE MEIKO3EPHHCTOTO
OeToHa cojep)kaHMe MHUKpPOKpeMHe3éMma 1o 15 % MoxkHO j0-
OWTBbCS CHIDKEHHS PEAKIMOHHOW CIIOCOOHOCTH ILIEMEHTHOTO
KaMHsI.

B mstom cocTaBe, conepikaleM opraHoMUHEPaIbHbIM MOAH-
¢duxarop MB2-50C B komuuectBe 5 %, KoHEeUHas nehopManus
nocturia 0,294 %, npu cpemnem 3nadennu 0,256 % u 0THOCH-
TeNbHOM pacxoxkaeHuu 12,9 %. HecmoTps Ha ymoBieTBOpH-
TEJNBHYIO0 CTaOMITBHOCTD 3aKIIIOUNTENFHBIX H3MEPEHUH, YPOBEHb
nedopManuii 0CTaéTcs 3HAYUTEIHLHO BBILIE HOPMATUBHOTO, YTO
yKa3bIBaeT Ha HEJIOCTATOYHYIO Y3 PEKTUBHOCTH JOOABKH IPH Ta-
KOM COJEp)KaHWH, T.€. COCTaB SIBJIETCSI PEaKIMOHHOCIOCO0-
HBIM.

B miectom cocrase konuuectso Mb2-50C yBenunueno no 10
%, 4TO TIPHUBEJIO K YaCTHYHOMY CHIKEHHIO JedopMaiui, of-
Hako koHeuHoe 3HadeHue 0,214 % u cpennee 3a 12—14-e cytku
0,184 %, npu oTHOCUTENBLHOM pacxoxkaeHuu 14 %, mo-mpex-
HEMY CBHICTECIBCTBYIOT O TPEBBIOICHAN HOPMAaTHBHOTO
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not contain any mineral or organomineral modifiers, the
final expansion (FE) reached 0.375%, with an average
value (AE) for days 12—14 of 0.340% and a relative devi-
ation of 9.2%. Despite the satisfactory stability of the re-
sults at the final stage, the deformation level itself signifi-
cantly exceeds the regulatory limit, indicating a pro-
nounced tendency of the aggregate toward alkali—silica re-
action (ASR). Such a mixture should therefore be classi-
fied as reactive.

In the second mixture, containing 5% silica fume by
mass of cement, the final expansion decreased to 0.215%.
However, the average value for days 12—14 was 0.177%,
and the relative deviation reached 17.7%, which exceeds
the permissible limit. Although a certain reduction in ex-
pansion was observed, the values remain above the regu-
latory threshold, and the instability at the end of the obser-
vation period confirms the continuing activity of chemical
interaction. Consequently, this mixture should also be
classified as reactive.

In the third mixture, modified with 10% silica fume,
the final expansion value was 0.0806%, which falls within
the regulatory limit. However, the average value for days
12—14 (0.0582%) and the high level of relative deviation
(27.8%) indicate a lack of stabilization of the process at
the late stage of testing. Despite the reduced intensity of
the reactions, the development of expansion continues,
which allows this mixture to be classified as potentially
reactive.

The most favorable result was demonstrated by the
fourth mixture, containing 15% silica fume. The final ex-
pansion was 0.0654%, the average value was 0.0562%,
and the relative deviation was 14.1%, which is within the
permissible limits. The achieved stability of the indicators
and the low level of expansion indicate an effective reduc-
tion in the concentration of free alkalis and the formation
of a denser cement paste structure. This mixture can there-
fore be classified as non-reactive with respect to alkalis.

A histogram of the final expansions and their average
values for days 12—14 of specimens stored in a sodium hy-
droxide solution, depending on the silica fume content and
its proportion relative to the mass of cement, is presented
in Figure 2. The expansion level and its regulatory limit
for specimens containing silica fume are shown in Figure
3.

Thus, increasing the silica fume content in fine-grained
concrete to 15% makes it possible to reduce the reactivity
of the cement paste.

In the fifth mixture, containing the organomineral
modifier MB2-50S in an amount of 5%, the final expan-
sion reached 0.294%, with an average value of 0.256% and
a relative deviation of 12.9%. Despite the satisfactory sta-
bility of the final measurements, the expansion level re-
mains significantly above the regulatory limit, indicating
insufficient effectiveness of the admixture at this dosage;
therefore, this mixture is classified as reactive.

In the sixth mixture, the content of MB2-50S was in-
creased to 10%, which led to a partial reduction in expan-
sion. However, the final expansion value of 0.214% and
the average value for days 12—14 of 0.184%, with a rela-
tive deviation of 14%, still indicate that the regulatory
limit is exceeded. This demonstrates the limited ability of



Engineering and Technology of Silicates. Volume 32, No5 (special edition), 2025

mpenena. JTO yKa3blBaeT HA OTPAHWYCHHYIO CIIOCOOHOCTH JI0-
0aBKM MOJABIAATH Pa3BUTHE IIENOYHO-KPEMHE3EMHOM pEaKITUH,
¥ TAaHHBII COCTaB TakKe CIEeIyeT CYUTATh PEaKIIHOHHOCIIOCO0-
HBIM.

PUCYHOK 2

THCTOI'PAMMA KOHEYHBIX ,Z[E(I)OPMAI_II/Iﬁ
U UX CPEJHHUX 3HAYEHUI OBPA3IIOB C
MUKPOKPEMHE3EMOM

K1 — xoHeuHas 1edpopmanms

CJI — cpenHee 3Ha4yeHue Jedopmanus 3a 12—14-e cyTkn

Figure 2

Histogram of final deformations and their average val-
ues for samples with microsilica

KD - final deformation

SD — average deformation value for the 12th—14th day

PUCYHOK 3

w
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YPOBEHb JE®OPMAIIUH U EI'O
HOPMATHUBHBIN ITPEJEJI JJIS1 OBPA3IIOB CO-
JEPXKAIIUX MUKPOKPEMHE3EM

[
h
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Figure 3

Hedopymanus odpasunos, %
—
>

The level of deformation and its standard limit for
samples containing microsilica

th

B cenpmom cocrase, conepskauiem 15 % MB2-50C, koneu-
Hast geopmarust ymensmiack 1o 0,0897 %, uro popmansHO
COOTBETCTBYET HOPMAaTHBHOMY orpaHndeHuto. OqHaKko cpen-
Hee 3HaueHue 3a 12—14-e cytku coctasmio 0,0667 %, a oTHO-
CUTEJIbHOE PacX0KJIeHUE JOCTUTIIO 25,6 %, UTO SIBIISIETCS CBU-
JIETeICTBOM HECTaOMIBHOCTH IIpoIlecca Ha 3aBepIIAroIeM
starne. HecMOTpst Ha CHM)KEHHE 001Iero YpoBHs AedopMariui,
COXpaHCHHE 3HAYUTEIBHOTO NPUPOCTa B KOHIIE HMCIBITAHHA
yKa3blBaeT Ha MPOJOIDKAIONIEECs Pa3BUTHE PEaKIMOHHBIX
npoueccoB. Takoil cocTaB cielyeT KiacCH(pHUIHPOBATh Kak
MOTEHIMAIIBHO PEaKIIHOHHOCIIOCOOHBIH.

I'mcrorpamma KoHEUYHbIX AeopMalid U UX CpPeHUX 3Ha-
4yeHuit 3a 12—14-e cyTku 00pa3oB BbAEPKaHHBIX B PACTBOpPE
THIPOKCHIA HATPHUS B 3aBHCHMOCTH OT COJEpIKaHUS OpraHo-
MuHepansHOro Moandukatopa MB2-50C mpencraBieHsl Ha
puc. 4. YpoBeHs neopManuy 1 €ro HOpMaTHBHBIHN IPeIe st
o6pasnoB coaepkammx Mb2-50C npencrasiieH Ha puc. 5.

BroiBoabI

IIpoBenéHHble HcceI0BaHUs MOKA3alld, YTO YBEIUYEHHUE
COJIepXKaHUsI MUKPOKpEMHEe3éMa — 0COOEHHO 110 YpOoBH: 15 %
— sBiIsIeTCs Hanbonee A(PPEKTUBHBIM CIIOCOOOM ITOIABICHUS
LIEJIOYHO-KPEMHE3EMHON peaklui W MPEAOTBpAILECHUs CBSI-
3aHHBIX ¢ Hed pedopmanmii. B nmaHHOM ciydae Obutn

the admixture to suppress the development of the alkali—
silica reaction, and therefore this mixture should also be
considered reactive.

17,7

14.1

9.2

0 3 10
Conep:xaHe MOKpOKpeMHezeMa, %0

E=Pacxoxknenne ==HopMaTuBHBIi npenea

In the seventh mixture, containing 15% MB2-50S, the
final expansion decreased to 0.0897%, which formally com-
plies with the regulatory limit. However, the average value
for days 12—14 was 0.0667%, and the relative deviation
reached 25.6%, indicating instability of the process at the
final stage. Despite the overall reduction in expansion, the
continued significant increase at the end of the test indicates
that reaction processes are still developing. Therefore, this
mixture should be classified as potentially reactive.

A histogram of the final expansions and their average
values for days 12—14 of specimens stored in a sodium hy-
droxide solution, depending on the content of the or-
ganomineral modifier MB2-50S, is presented in Figure 4.
The expansion level and its regulatory limit for specimens
containing MB2-50S are shown in Figure 5.

Conclusions

The conducted study demonstrated that increasing the
silica fume content, particularly up to 15%, is the most ef-
fective way to suppress the alkali—silica reaction (ASR) and
prevent the associated expansions. In this case, the require-
ments of GOST 8269.0-97 were fully satisfied both in terms
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MOJIHOCTHIO BBITIONTHEHBI TpeboBanus ' OCT 8269.0-97 kak mo
BEJIMYMHE KOHEYHOH e opMannu, Tak U 0 CTAOMIBHOCTH €€
3HAUEHUH Ha 3aKIIOYUTENbHBIX CTaJANUAX UCTIBITAHUHN. YKa3aH-
HBIH 3P QeKT 00yCIOBICH BRICOKOH MYIIIOIaHOBOH aKTHBHO-
CTBIO MUKPOKpPEMHE3EMa, ero COCOOHOCTRIO CBS3BIBATH THI-
POKCH]T KaJbIisi U MOAUDUIIMPOBATE MHUKPOCTPYKTYPY Iie-

of the final expansion value and the stability of the meas-
urements at the final stages of testing. This effect is at-
tributed to the high pozzolanic activity of silica fume, its
ability to bind calcium hydroxide, and to modify the micro-
structure of the cement paste, which results in a reduction in
the concentration of free alkalis and limits the formation of

MEHTHOTO KaMHS, YTO TPHUBOAUT K CHUKEHHIO KOHIIEHTPALIUH
CBOOO/IHBIX IEI0YEH U OTPAHUUCHUIO 0OPa30BaHUS PACIIUPSI-
FOILETOCs MENOYHO-KPEMHE3EMHOTO TeJIs.

PUCYHOK 4

THCTOI'PAMMA KOHEYHBIX I[E(I)OPMAI_II/Iﬁ
N UX CPEJHUX 3SHAYEHU OBPA311OB C MB2-
50C

K]l — koneunas nepopmanus

CJ1 - cpennee 3Hauenne gepopmanus 3a 12-14-e cyTku

Figure 4

Histogram of final deformations and their average val-
ues for samples with MB2-50C

KD - final deformation

SD — average deformation value for the 12th—14th day

PUCYHOK 5
YPOBEHb JE®OPMALIMU U ET'O

HOPMATHBHBII1 IPEJIEJI VIS OBPA3IIOB CO-
JNEPKAIIAX MB2-50C

Figure 5

Hedopymanns obpasnos, %

The level of deformation and its standard limit for
samples containing MB2-50C

HecMoTpst Ha BBICOKYIO TeXHHYECKYyHO 3(dexTHBHOCTH JaH-
HOTO TIOAX0/1a, €ro MPUMEHEHHE CBSI3aHO CO 3HAYUTEIbHBIMH KO-
HOMUYECKHMH 3aTpaTaMi. MHUKpOKpeMHE3EM OTHOCHUTCS K Marte-
puanaM ¢ OTHOCHUTENBHO BBICOKOM CTOMMOCTBIO, UTO JIE€NAeT €ro
UCIIOJIb30BaHKE B OOJIBIINX KOJIMYECTBAX SKOHOMHUYECKH Hellelie-
CO00pa3HBIM TMpH PeATU3alui KPYITHOMACIITAOHBIX CTPOUTEINb-
HBIX ITPOEKTOB — TaKHX, KAK MOCTOBBIE COOPYKEHHUS, I'HPOTEX-
HUYECKHE OOBEKTHI U HHPPACTPYKTYPHBIE KOMIIEKCEHL.

PesynbraTtel npumenenns mogudukaropa Mb2-50C moxa3si-
BAIOT, YTO YBEJIMUEHHE €TO0 JO3UPOBKHU B COCTaBEe OETOHHOW CMECH
CHOCOOCTBYET TOCTETIEHHOMY W 3aKOHOMEPHOMY ITOBBIIICHHIO
CTOMKOCTH OETOHA K IIEJI0YHO-KpeMHe3EMHOH peakiuu. C pocToM
coliepxaHus MoauduKaropa HabIromaeTCss yMEHbIICHHE aedop-
Manuii ¥ MOBbINIEHHE CTAOWJILHOCTH MX Pa3BUTHSI BO BPEMEHH,
YTO yKa3bIBaeT Ha criocodHocts MB2-50C perynmpoBath menou-
HOHM PeXHM IIOpPOBOTO NMPOCTPAHCTBA U CHHXKaTh MHTEHCHBHOCTH
npoTeKaHus peakuu. HecMoTpst Ha TO, YTO OT/JENbHBIE COCTaBbI
HE JIOCTHUIJIN YPOBHS ITOJTHOTO MHIMOMPOBAHMUS LIEJI0YHO-KPEMHe-
36MHOH peakuuu B COOTBETCTBMU C TPeOOBaHMSMH CTaHIApTa,
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Despite the high technical efficiency of this approach,
its application is associated with considerable economic
costs. Silica fume is a relatively expensive material, which
makes its use in large quantities economically impractical
for large-scale construction projects such as bridges, hy-
draulic engineering structures, and infrastructure com-
plexes.

The results obtained for the MB2-50S modifier show
that increasing its dosage in the concrete mixture leads to
a gradual and consistent improvement in the resistance of
concrete to the alkali—silica reaction. As the modifier con-
tent increases, a reduction in expansion and greater stabil-
ity of their development over time are observed, indicating
the ability of MB2-50S to regulate the alkaline conditions
of the pore solution and reduce the intensity of the reac-
tion. Although some mixtures did not achieve the level of
complete inhibition of ASR in accordance with the stand-
ard requirements, the overall trend of the results indicates
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00111ast TSHACHINS Pe3yIbTATOB CBUACTEIBCTBYET O TOM, UTO yBE-
JIYEHAUEe TON MOIM(HUKaTOpa MO3BOISIET CHU3UTH BO3IEHCTBHE
peaKknuy 10 MpaKTUIeCKH MPUEMIICMBIX 3HAUeHUH MPH coXpaHe-

HHUH 9KOHOMHYECKOM 11e71eCO00pa3HOCTH.

Takum 00pa3oM, MHKPOKpEMHE3EM CIeIyeT paccMaTpUBAaTh
Kak Hambosiee 3(QPEKTUBHBIA WHTHOUTOP IENOYHO-KPEMHE3EM-
HOM peakIMy ¢ TOYKH 3pEHHUs TEXHUUECKOro 3ddekra, 0HAKO ero
MIMPOKOE NPUMEHEHNE OIPAaHNYNBAETCSI SKOHOMHYECKUMH (DaKTo-
pamu. IloBsiienne coaepxanus moaudukaropa Mb2-50C obec-
neuuBaeT Oojee cOaTaHCUPOBAHHOE PEIICHNUE, COUETAIoLIee YI0-
BIICTBOPHUTEIIBHBII YPOBEHb MOJABJICHHS PEAKLMU C ONTHMAb-
HBIMH 3aTpaTaMy, 4TO JejlaeT MaHHBIH HOAXOI HPaKTHYECKU
OIIPaBIAHHBIM UL HHXKEHEPHBIX IPUMEHEHUH, 0COOCHHO B IPO-

that increasing the proportion of the modifier makes it pos-
sible to reduce the impact of the reaction to practically ac-
ceptable levels while maintaining economic feasibility.

Thus, silica fume should be considered the most effec-
tive ASR inhibitor from a technical perspective; however,
its widespread use is limited by economic factors. Increas-
ing the content of the MB2-50S modifier provides a more
balanced solution that combines a satisfactory level of re-
action suppression with optimized costs. This makes the
approach practically justified for engineering applications,
especially in large-scale projects where operational relia-
bility must be ensured while maintaining economic effi-
ciency.

eKTax KpymHOTo MacmTaba, rae Tpedyercss o0ecTednTs Hanex-
HOCTB SKCIUTyaTalllid TIPH COXPAaHCHWH 3KOHOMHYECKOH 3¢ dek-

THUBHOCTH.
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