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AHHOTALUS

B oannoii pabome paccmompenvi ocobennocmu paspadbomku wimyKkamypHvix UOPOU3OIAYUOHHBIX cMecell ¢ UCHOTb308A -
Huem cynvgoanromunamuozo yemeruma (CAL]). Ocnoeroe sHumanue y0ensnocs noobopy KOMNOHEHMO8, 00ecneuu8aouux no-
8blUUEHUe NPOYHOCU, 8000OHENPOHUYAEMOCIU U HAOEXHCHO20 CYenaeHUs pacmeopa ¢ ocHoganueM. Ilpumenenue niacmugu-
yupyrowux oodasox Melflux 4930 u Melment F-10 cnocobcmeyem unmeHncugurxayuu 2uopamayuoHHuIX npoyeccos, opmu-
POBAHUI ONMUMATBHOU CIMPYKMYPbl YEMEHMHO20 KAMHS U YIVHUIeHUIO IKCIIYAMAYUOHHbIX ceoticms. Tlokaszano, umo peey-
nuposanue cooeprcanus CAL  komnosuyuu no3eonsem KOHMPOIUPOSAmy CPOKU CXEAMBIBAHUS U PAHHION NPOYHOCTb BANCY -
We20, 4mo 0COOEHHO BAXHCHO NPU BLINOIHEHUU PEMOHMHBIX U 80CCMAHOBUMENbHLIX pabom. Onmumusayus cocmasa cyxux
cmecell ¢ PpaKkyuoOHUPOBAHHBIM KEAPYEBLIM NECKOM U MOOUPUKAMOPAMU CHOCOOCMBYem NOBLIWEHUIO D0I208E4HOCINU NHOKPbI-
muil U COKpaujeHuio pemeny cmpoumenvHovlx onepayuii. Iloryuennvie pesyabmamsl Mo2ym Oblmb UCNOTL3068AHYL OIA PA3PA-
bomKu IhpexmueHvix 2UOPOUBOTAYUOHHBIX COCMABOS U COBEPULEHCTNBOBANHUA TNEXHOIOUT UX NPUMEHEHUS.
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DEVELOPMENT OF COMPOSITIONS OF PLASTER WATERPROOFING MIXTURE
USING SULFOALUMINATE CEMENT
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ABSTRACT

In this paper, the features of the development of plaster waterproofing mixtures using sufoaluminate cement (SAC) are
considered. The main attention was paid to the selection of components that increase the strength, water resistance and reliable
adhesion of the mortar to the substrate. The use of plasticizing additives Meflux 4930 and Melment F-10 contributes to the
intensification of hydration processes, the formation of the optimal structure of cement stone and the improvement of opera-
tional properties. It is shown that the regulation of the CAC content in the composition makes it possible to control the setting
time and early strength of the binder, which is especially important when performing repair and restoration work. Optimization
of the composition of dry mixes with fractionated quartz sand and modifiers helps to increase the durability of coatings and
reduce the time of construction operations. The results obtained can be used to develop effective waterproofing compounds
and improve their application technologies.
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BBEJEHUE

beToHHBIE KOHCTPYKIIUH ITOJBEP)KEHBI 00pPa30BaHMIO Tpe-
IMuH, (pparMeHTaluy U ApYyruM AedekraMm B mporecce -
TENbHOH 3KcIuTyaTanuu. Iyt peMOHTa OCTOHHBIX 3JIEMEHTOB
9acTO NMPUMEHSIOTCS MOJIMMEpHbIe MaTepuansl [1], monumep -
MOJIM(UIMPOBaHHBIE LIEMEHTHBIE Marepuaibl [2,3], a Takke
LIEMEHTHBIE MaTepHajbl. YUUTHIBasl HOJTOBEYHOCTh, MEXaHH-
YeCKHE CBOMCTBA, pa3MEPHYI0 CTaOMIIBHOCTD, INPOKYIO chepy
NPUMEHEHHUS, YJKOHOMHUYECKYIO 3((PEKTUBHOCTh U COBMECTH-
MOCTb C IEMEHTOOETOHHBIMU MaTepuaaaMu, IIEMEHTHBIE OBICT-
POTBEPACIONINE PEMOHTHBIE COCTABHI ABJISIOTCS] HANOOJIEe IIH-
POKO HCCIENYyEMBIMU M IPUMEHSIEMBIMH.

OOBIYHBIH MOPTIAHALIEMEHT B HACTOSIIEE BPEMS SBIISCTCS
Hanbosiee MHPOKO MPOU3BOAMMBIM BSDKYIIMM MaTEPHAJIOM,
o0yialalomuM TaKUMH MPEHMYINECTBAMH, KaK HHU3Kas CTOH-
MOCTh U IIUPOKHUH CHeKTp mpumeHeHus. OgHaKo B Ipolecce
MPOM3BOJCTBA OOBIYHOTO MOPTIAHALIEMEHTA BBIACISIETCS yTIle-
kucinbii raz (CO;z), Ha 10JIF0 KOTOPOTO MPUXOIUTCS OKOJIO 5 —
8% [4] ot obmiero oobéma ra06ambHBIX BEIOpOCcOB CO,, uTO
CYIIECTBEHHO 3aTPYIHsET JOCTIDKEHHUE Iieieil «yriaepogHOro
MUKa» U «YIJIEPOJHOU HEUTPAIbHOCTUY. B cpaBHEHMH C KIIMH-
KEepOM OOBIYHOTO TOPTIAHIEMEHTA, KIMHKEP CYIb(HOATIOMHU-
HAaTHOTO [IEeMEHTa TPeOyeT MEHBIIIEr0 Pacxo/ia U3BECTHAKA IIPH
MPOU3BOJICTBE, OOKUTaeTCsl IpH OoJiee HU3KNX TeMIlepaTypax
[5-7] m obnamaeT Oonee BRICOKON Pa3MOIBHOM CIIOCOOHOCTEIO
[8-11].

Cymepoamomunataeiii iemeHT (CAL]) xapaxrepusyercs
OBICTPBIM CXBaThIBAaHHEM, BBICOKOW paHHEH IMPOYHOCTHIO, CTa-
OMIBHOCTBIO JIMHEHHBIX pa3MepoB U JONTOBEYHOCTHIO [7,11-
13]. Ero rumparamysi mpoTekaeT 3HAYMTENHHO ObICTpee MO
cpaBHeHwMIo ¢ mopTianauementom (I111) [6, 7, 11, 14-15]. B cu-
CTeMe MOPTIaH/IIIEMEHT -CyJIb()OATIOMUHATHBIN IIEMEHT YCKO-
penHas runparanusi CALl conpoBokmaercss moTpebieHneM
BOJIbI U YMEPEHHBIM MOBBIIIEHHNEM TEMIEPATYPhbl, YTO HHTEH-
cuummpyer obmuii npouecc ruaparamuu. OOpasyromuecs
THIPATHl, B YACTHOCTHU 3TTPUHIHUT, CIy’KaT LIEHTPAMH 3apOJbI-
nreoOpa3oBaHus, akTuBHpYs ruapatammio [11] [16-24] u obec-
NEeYnBasl yCKOPEHHOE CXBAaThIBAaHHUE U Pa3BUTHE PaHHEH MPOd-
HocTH [25-27].

CocTaBbl AJIs THAPOU3OIISINH, XapaKTePHU3YIOIIHECs BBICO-
KO INTOTHOCTBIO ¥ IPOYHOCTHIO IEMEHTHOTO KaMHS, U3TOTaB-
JIMBAIOTCSA HAa OCHOBE MopTiaaHAleMenTa. OnHaKO JaHHBIN Bs-
JKYITMHA MaTeprall OTIMYaeTCs YBEJINYEHHBIMU CPOKaMH CXBa-
ThIBaHUS U HU3KOHM paHHEW IPOYHOCTBIO. B oTiimuMe oT Hero,
CyIb(OATIOMUHATHBI [EMEHT XapaKTepH3yeTcs KOPOTKHM
CPOKOM CXBaThIBaHHs ¥ MHTEHCHBHBIM HaOOPOM IIPOYHOCTH B
HEepBbIE CyTKH TBEPACHUS. YUHUThIBas pa3iIMude B CBOHCTBaxX
STHX BSDKYIUX, MOXHO MPEINOI0KHUTh, YUTO BAPbUPOBAHHUE UX
COOTHOILIEHHSI B KOMIIO3UIIUY NTO3BOJIHUT LEJIEHANPABIEHHO pe-
TYJIMPOBATH XapaKTEPHUCTHKH MTOJTy4aeMOT0 MaTeprania.

[TosToMy HebIo HccaeI0BaAHUS SBISIETCS pa3paboTka co-
CTaBOB IITYKaTYpHOH TUAPOU3POIISIIUOHHON CMECH C UCIIOJIb-
30BaHHEM CYJIb(OATIOMUHATHOTO IEMEHTA.

MaTepuanu U MeTOAbI UCCJICJOBAHUA

B pabote ncrnonb30BaHbl MOPTIAHAIIEMEHT U CyJIb(oaro-
MuHaTHBIN 1leMeHT npousBoacTBa AO «Ilononbck-LlemenT», a
TaKXke MIacTHGUIUpPYIOmre T00aBKH - THIIEPILIACTUPHKATOP
Melflux 4930 u cynepruactuduxarop Melment F-10.

Hopmainbhyto rycToTy ¥ CpOKHM CXBAaTbIBaHUSI LIEMEHTHOTO
TECTa OIPECIIIIN Ha MAJIBIX 00pasiax B cOOTBETCTBUU ¢ [28];

INTRODUCTION

Concrete structures are prone to cracking, fragmenta-
tion, and other defects during long-term operation. Poly-
mer materials [1], polymer-modified cement materials
[2,3], and cement materials are often used to repair con-
crete elements. Taking into account durability, mechanical
properties, dimensional stability, wide range of applica-
tions, economic efficiency and compatibility with cement-
concrete materials, cement fast-hardening repair com-
pounds are the most widely researched and used.

Conventional Portland cement is currently the most
widely produced binder material, with advantages such as
low cost and a wide range of applications. However, in the
production process of conventional Portland cement, car-
bon dioxide (CO,) is released, which accounts for about 5
— 8% [4] of total global CO; emissions, which signifi-
cantly complicates the achievement of the goals of "carbon
peak" and "carbon neutrality". In comparison with the
clinker of ordinary Portland cement, the clinker of sul-
foaluminate cement requires less limestone consumption
during production, burns at lower temperatures [5-7] and
has a higher grinding capacity [8-11].

Sulfoaluminate cement (SAC) is characterized by fast
setting, high early strength, linear dimensional stability
and durability [7,11-13]. Its hydration proceeds much
faster compared to Portland cement (PC) [6, 7, 11, 14-15].
In the Portland cement-sulfoaluminate cement system, ac-
celerated hydration of SAC is accompanied by water con-
sumption and a moderate increase in temperature, which
intensifies the overall hydration process. The resulting hy-
drates, in particular ettringite, serve as nucleation centers,
activating PC hydration [16-24] and providing accelerated
setting and early strength development [25-27].

Waterproofing compounds, characterized by high den-
sity and strength of cement stone, are made on the basis of
Portland cement. However, this binder is characterized by
extended setting times and low early strength. In contrast,
sulfoaluminate cement is characterized by a short setting
time and intensive strength gain on the first day of harden-
ing. Given the difference in the properties of these binders,
it can be assumed that varying their ratio in the composi-
tion will make it possible to purposefully adjust the char-
acteristics of the resulting material.

Therefore, the purpose of the study is to develop
compositions of plaster waterproofing mixtures using sul-
foaluminate cement.

Materials and methods of research

The work used Portland cement and sulfoaluminate ce-
ment produced by Podolsk-Cement JSC, as well as plasti-
cizing additives - Melflux 4930 hyperplasticizer and Mel-
ment F-10 superplasticizer.

The normal density and setting time of the cement
dough were determined on small samples in accordance
with [28]; flexural and compressive strength — on samples
of 1x1x3 cm according to [28] and on standard samples 40
x40 x160mm according to GOST 30744-2001!
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MPOYHOCTh MIPH M3THOE M C)KaTUU — Ha o0Opas3iax pa3zMepoM
Ix1x3 cMm mo [28] u Ha cTaHmapTHBIX 0Opa3max 40x40x160Mm
cormacao I'OCT 30744 — 2001!

Bspxymiee a1 IITyKaTypHOH THAPOU30ILMN JOJDKHO YIO-
BIICTBOPSTH POy TPeOOBaHUIL, ITOITOMY HCCIICIOBaHHUS CO-
CTaBa CyXOH CMECH MPOBOJWIN C MCIOJIb30BaHUEM (PPaKIIHO-
HUPOBAHHOTO KBapleBoro necka. Copep)kaHue MENKOTo 3a-
MOJHUTENA B cMecu cocTaBisno 50 u 60%.

Jis ITYKaTypHBIX THAPOM30JILHOHHBIX COCTaBOB OIpe-
JIeISUT TIOABIIKHOCTB 1O pacIuIbIBY KoHyca, cornacHo ['OCT
58277-2018% (m.4.4), BOHOYAEPKUBAIOIIYIO CIIOCOOHOCTE
(11.6), TIpenen MPOYHOCTH Ha PACTSHKEHHE TPH M3THOe W Ipu
cxarun (11.7) 00pa3moB-npu3M pazMepamu 160x40x40 mMm.

JKcNepuMeHThbI U Pe3yJIbTaThl 00CYK/IEHUS

OCOOEHHOCTHI0 KOMITO3UIIMOHHOTO BSDKYIIETO Ha OCHOBE
CyJ1b()OATIOMUHATHOTO LEMEHTa U TMOPTIAH/IIEMEHTA SIBIISI-
ercs croco6HOCTs MuHepana C3A;CS B3auMOAEHCTBOBATh C
MOPTIaHAUTOM, BBIACTIAOMIUMCS IPU THUAPATAllUN CUJIMKATHOM
¢da3pl moprnangieMenrta. [Ipu mocraTouHOM conepKaHHU
cyibdaTa Kaablys B CHCTEME 3TO CIIOCOOCTBYET 00pa30BaHUIO
MAaKCUMAJIBHOI'O KOJIMYECTBA OTTPUHIUTA.

C3A;CS + 8CaSO4+6Ca(OH)2 + 90H20 = 3(3Ca0-Al20s -3CaS04 -32H20)

[IponcxXoanT CHMXEHHE KOHLEHTPALUH HOHOB KaJbLHs B
KHAKOH (ha3e LEMEHTHOTO KaMHs, YTO HHTCHCHHIUPYET MPo-
1iecC ruApaTaliy CHIMKATHBIX (a3 OPTIaHILEMEHTa, a TAKKe
NPHUBOJNT K CHI)KCHUIO 3HaYeHus pH.

[IpoBeeHO HCCeI0BaHNE BIUSHUS KOMIIO3HIIHOHHOTO Lie-
MeHTa, B KoTopoM conepxkanue CAIl m3mensuocsk ot 10 no
90% (Tabnuma 1).

The binder for plaster waterproofing must meet a num-
ber of requirements, therefore, studies of the composition
of the dry mixture were carried out using fractionated
quartz sand. The content of fine aggregate in the mixture
was 50 and 60%.

For plaster waterproofing compositions, the cone
spreading mobility was determined in accordance with
GOST 58277 - 20182 (clause 4.4), water retention capacity
(clause 6), and tensile strength under bending and com-
pression (clause 7) of 160x40x40 mm prism samples.

Experiments and discussion

A special feature of the composite binder based on sul-
foaluminate cement and Portland cement is the ability of
the mineral C3A;CS to interact with portlandite released
during hydration of the silicate phase of Portland cement.
With a sufficient content of calcium sulfate in the system,
this contributes to the formation of the maximum amount
of ettringite

(1)

There is a decrease in the concentration of calcium ions
in the liquid phase of cement stone, which intensifies the
hydration process of the silicate phases of Portland ce-
ment, and also leads to a decrease in pH.

A study was conducted on the effect of composite ce-
ment, in which the content of SAC varied from 10 to 90%
(table 1).

TABJINIA 1 HOPMAJIBHAA TYCTOTA U CPOKH CXBATBIBAHUA KOMIIO3UITUOHHOI'O

HEMEHTA

Table 1 Normal density and setting time of composite cement

Ne Cpoxu cXBaTbIBaHHs, MUH
CocTaB KOMIO3NIMOHHOrO HeMeHTa | HopmaanHas rycrora, % Setting time, min
Composition of the composite of cement| Normal consistency, % HAYAJIO0 OKOHYAHME
initial final
1 100 % CAILL 62,5 25 40
2 90 % CAIT + 10 % IIL] 55,0 27 50
3 80 % CAILL + 20 % ITIT, 52,5 28 55
4 60 % CAIL + 40 % IIL] 45,0 29 57
5 50 % CAIL + 50 % IIL] 45,0 29 59
6 40 % CAIL + 60 % IIIT 40,0 29 59
7 20 % CAIL + 80 % IIIT 37,0 29 60
8 10 % CAIT + 90 % IIL] 36,0 34 60
9 100 % ITI] 30,0 40 250
BomonotpedHOCTD MOpTIaHIIEMEHTA COCTaBIISIET The water consumption of Portland cement is 30.0%,

30,0%, Torna Kak ajs CyJab(pOaTIOMUHATHOTO IIEMEHTA JaH-
HBII TIOKa3aTellb nocturaeT 62,5%. Y CcTaHOBIEHO, YTO yBe-
nmuaenne coaepxanus CALL B KOMITO3UITUU TTPUBOTUT K PO-
CTY HOPMAaJIBbHOM T'yCTOTBHI U COKPAICHHUIO CPOKOB CXBAThI-
BaHUA: Hadajo - ¢ 34 mo 25 muH, okoH4anue - ¢ 60 mo 40
MuH. Takoii  3(dekr 00yclIoBIEH  WHTEHCHBHBIM

while for sulfoaluminate cement this indicator reaches
62.5%. It was found that an increase in the SAC content in
the composition leads to an increase in normal density and a
reduction in setting time: the beginning is from 34 to 25
minutes, the end is from 60 to 40 minutes. This effect is due
to the intensive formation of ettringites in the early stages of

'TOCT 30744 - 2001. MeTobI HCIIBITAHHUI C HCIIOIb30BAHHEM nonudpakuonHoro necka. MHTKC. M.2002.
GOST 30744-2001. Test methods using polyfractional sand. MNTKS. M.2002.

2TOCT 58277 - 2018. Cmecu cyxue CTPOMTENbHBIE HA IIEMEHTHOM BsiKyleM. MeTon! ucnbitanuii - M.: Crannaprundopm, 2019 - 21c.
GOST 58277-2018. Dry construction mixtures based on cement binders. Test methods. Moscow: Standartinform, 2019, 21 p.
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00pa3oBaHNEM STTPUHTUTA HA PAHHUX CTaJUsIX THAPATAIHN.
PerymupoBanune momn CAILl mo3BomseT meneHamnpaBIeHHO
BapbUpPOBATh CPOKM CXBATHIBAHMS, BSDKYIIETO B COOTBET-
CTBHH C TpeOOBaHNAMH KOHKPETHBIX 001aCTel IPUMEHEHUSL.
Jns mcenenoBaHus MPOYHOCTHBIX XaPAKTEPUCTUKH KOMIIO-
3UIMOHHOTO BSDKYIEro ObLIH BEIOpaHb! cocTaBbl No 2-3 1 No
7-8, conepxamrue 10-20% CALL B couetaHuu ¢ MOPTIAHA-
EeMEeHTOM (Tabi.2).

hydration. Regulation of the proportion of SAC allows you
to purposefully vary the setting time of the binder in accord-
ance with the requirements of specific areas of application.
To study the strength characteristics of the composite binder,
formulations No. 2-3 and No. 7-8 containing 10-20% CAC
in combination with Portland cement were selected (Table
2).

TABJINIA 2 TIPOYHOCTHBIE ITIOKA3ATEJIN KOMIIO3UIIUOHHOI'O BAXKYHIEI'O

Table 2 Strength characteristics of composite binder

Ipounocts MIla, npu TBepaenun, cyt, Mlla
Strength MPa, during hardening, day, MPa
NeNe COCT?B, npu usruode NP COKATUH
Composition (in bending) (in compression)
1 3 7 28 1 3 7 28

Cocras 1 100% CALL 3,5 5,0 5,7 6,0 28,7 35,8 36,3 39,5
Cocras 2 90 % CAIT + 10 % IIL] 6,0 6,7 7 7,6 27,3 27,8 28,51 31,6
Cocras 3 80 % CAILL + 20 % ITI] 4,4 5,8 6,3 6,7 17,0 19,0 28,7 30,1
Cocras 7 20 % CAIT + 80 % IIL] 3,5 6,3 6,5 7,5 15,5 25,1 38,6 43,4
Cocras 8 10 % CAIL + 90 % IIL], 6,2 7,2 7,4 8,5 20,7 40,5 50,8 56,9

AHanu3 SKCIEPUMEHTANbHBIX JAHHBIX IIOKa3all, dYTO
HanOOoJIbIIas IPOYHOCTD NPH M3THOE Ha BCEX CPOKax TBEP-
JIeHUs 1OCTUraeTcs B coctase ¢ coaepxkanueM 10 % CALL u
90 % IILI. B panHue CpoKku TBEPACHHU MAKCUMANbHAS TPOY-
HOCTh Tpu cxatuu (27,3-28,7 MIla) 3adukcupoBana y co-
ctaBoB Ne 1 u Ne 2, conmepskanux 90 u 80 % CAILL cootBet-
CTBeHHO. B 28-cyToyHOM BO3pacTe HanOONbIINE 3HAUCHUS
MPOYHOCTH IPHU CKATUU IMPOJEMOHCTPUPOBAIN cocTaB Ne 7
(43,4 MIla) u coctaB Ne 8 (56,9 MIla).

Takum obpazom, coctaB Ne 8 (10 % CALL + 90 % IIIT)
XapakTepu3yeTcss yMepeHHOH BononoTrpedHOCThIO (36%)),
YIOBJICTBOPUTEIBHBIMH CPOKaMH CXBaThIBaHUSA (34-60 MUH)
¥ BBICOKMMH NPOYHOCTHBIMH ITOKA3aTeNIsIMH B Bo3pacTe 28
cyT (m3rud - 8,5 MIla, cxxatue - 56,9 MIla). Ha ero ocHoBe
pa3paboTaHbl COCTaBBI MITYKATYPHBIX THIPOU3OJISIIHOHHBIX
cMmecei.

K 28-m cyrkam TBepAeHHS KOMIIO3ULIMOHHOIO BSDKY-
mero (90 % ITI u 10 % CALL) dbopmupyercst mIoTHasE MUK-
POCTPYKTYypa IIEMEHTHOTO KaMH$, TJ¢ OCHOBHBIM (Da30BBIM
KOMIIOHEHTOM sIBJIsseTCsl Tuapocwiukar kaimbius (C-S-H),
o0pa3yrommii  pa3BETBIEHHYIO BOJOKHHUCTYIO CTPYKTYpPY
(puc.1 a, 6).

ITosrrmennoe conepxxanue CAILl cmocob6cTByeT MHTEH-
CUBHOMY 00pa3oBaHMIO STTPUHTUTA
(3Ca0-Alb03-3CaS04:32H,0), KpHCTALIM3YIOUIETOCS B
UTOJIbYaTOM WM cTOJ09aTON popMe 1 JIOKAIHU3YIOMErocs B
Hopax M MeX3epHOBBIX 30Hax (puc.1 B, T). K 28 cyTkam TBep-
JICHUS] OTMEYaeTCs ero YacTHYHas CTaOMIIN3anus 1 nepepac-
npezeNieHne, 9YT0 BeAET K YIIIOTHEHNUIO MUKPOCTPYKTYPHI U
CHIDKEHHIO KaITMIUIIPHOM OPUCTOCTH.

C 1enpio CHIDKEHHUSI BOAONOTPEOHOCTH KOMIIO3HMIIHOH-
HOTO BSDKYIETO W (OPMHPOBaHUS Oojee IUIOTHOM CTPYK-
TypHI IEMEHTHOTO KaMHSI B CHCTEMY BBOJIIIN TUIACTH(DUITH-
pyrormyto go6asky Melflux 4930 B konmuuectse 0,1-0,6 % ot
MAaccCHl IleMeHTa (Tadmuia 3).

BBenenue rumnepruracTuuKaToOpa MPUBOIAUT K CHIKE-
HUIO HOPMaJIbHOM T'yCTOTHI HEMEHTHOT o TecTa ¢ 36,0 10 28,0
% ¥ CONPOBO’K/AETCS YBEIIMUEHHEM CPOKOB CXBAaThIBAHHS

Analysis of experimental data has shown that the highest
bending strength at all periods of hardening is achieved in a
composition containing 10% SAC and 90% PC. In the early
stages of hardening, the maximum compressive strength
(27.3-28.7 MPa) was recorded for formulations No. 1 and
No. 2 containing 90 and 80% SAC, respectively. At the age
of 28 days, composition No. 7 (43.4 MPa) and composition
No. 8 (56.9 MPa) demonstrated the highest values of com-
pressive strength.

Thus, composition No. 8 (10% SAC + 90% PC) is char-
acterized by moderate water consumption (36%), satisfac-
tory setting time (34-60 minutes) and high strength indicators
at the age of 28 days (bending - 8.5 MPa, compression - 56.9
MPa). Based on it, the compositions of plaster waterproofing
mixtures have been developed.

By the 28th day of hardening of the composite binder
(90% PC and 10% SAC), a dense microstructure of cement
stone is formed, where the main phase component is calcium
hy- droxylicate (C-S-H), which forms a branched fibrous
structure (Fig.1 a,b).

The increased content of SAC contributes to the intensive
formation of ettringite (3CaO-Al,O3-3CaS04-32H,0), crys-
tallizing in a needle-like or columnar form and localized in
pores and intergranular zones (Fig.1 ¢, d). By the 28th day of
hardening, its partial stabilization and redistribution are
noted, which leads to a compaction of the microstructure and
a decrease in capillary porosity

In order to reduce the water consumption of the compo-
site binder and form a denser cement stone structure, Melflux
4930 plasticizing additive was introduced into the system in
an amount of 0.1-0.6% by weight of cement(tabl.3).

The introduction of a hyperplasticizer leads to a decrease
in the normal density of the cement dough from 36.0 to
28.0% and is accompanied by an increase in setting time (be-
ginning from 34 to 52 minutes, end from 60 to 80 minutes),
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PUCYHOK 1

CTPYKTYPA KOMIIO3UIIMOHHOTI' O
BAXKYUIETO, TBEPJAEBLIEI'O 28 cyT.
YBeanuenue: a, B — 5000 kpar;

0, r — 15000 xpar

Figure 1

Structure of composite binder hardened for
28 days.

Magnification: a, ¢ — x 5000;

b, d — x 15000

B (¢)

TABJIMIIA 3 CBOMCTBA HEMEHTHOI'O TECTA C JJOBABKOM Meflux 4930

Table 3 Properties of cement paste with the additive Meflux 4930

Cpoku cXBaTbIBaHUSI, MHH
CocrtaB Copep:xanue, mac. % |HopmaabHas rycrora, % Setting time (min)
Composition Content, wt% Normal consistency HAY2AJI0 OKOHYaHME
initial final

0 36,0 34 60

0,1 35,0 34 67

0,2 32,5 37 65

90 % TILI + 10 % CAILJ 0,3 31,5 41 65
0,4 30,0 50 67

0,5 29,0 50 68

0,6 28,0 52 80

(Hagano — c 34 o 52 muH, KoHenm — ¢ 60 10 80 MHH), YTO CBH-
JETeIbCTBYET O 3aMEIJICHHH THIPATAIOHHBIX IPOIECCOB U
VITy4IIEHUH PEOJIOTHYECKUX CBOMCTB cucTeMbl. CHIDKCHHE 3HA-
yenuit HI' nmpuBoauT K pOCTY MPOYHOCTH, KaK P U3ruoe, Tak 1
pu cxaTtuu (puc. 2).

OKcreprMeHTaJIbHbIE JaHHBIE MTOKA3ali, YTO ONTHMANbHEIC
MIPOYHOCTHBIE XapaKTEPUCTUKH MPH U3THOE M CXKATHH JTOCTUTA-
FOTCS TIPH cofiepkaHnu runepiuactudukaropa 0,2 — 0,3 mac. %.
K 28 cyrkam nmpouHocTs npu n3rude Bospacraer ¢ 8,5 go 13,7-
13,9 MIla, a npu cxxatuu — ¢ 56,9 1o 59,365,6 MIla. Ha ocHoBa-
HUU TOJYYCHHBIX PE3yJbTATOB I Pa3paOOTKU MITYKaTypHOH
THJPOU3O0JISIIIMOHHON CMECH BBIOpaHa JJ03UPOBKA THUIIEPILIACTH-
¢uxaropa Meflux 4930 B komuectse 0,25 mac. %.

K 28 cytkam tBepaenus cocrasa 90% IIL + 10% CAIL] ¢ no-
6asnenuem 0,3% runepmiactudukaropa (Melflux) B ctpykrype
[IEMEHTHOTO KaMHS MPUCYTCTBYIOT HU3KO- M BEICOKOOCHOBHBIE
THJPOCUIIMKATBI aMOp(HO# POpMBI, @ TAKKE MHIPOATIOMUHATHI
rexcaronaigbHol cuaronnu (CAHjo) B Buie pU3M U IIJIACTHHOK;
BO3MOJKHA (BHKCAIUSA MOHOTHIPOCYJIb(OATIOMUHATA KaIbIHS
MI'CAK (puc. 3).
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which indicates a slowdown in hydration processes and
an improvement in the rheological properties of the sys-
tem. A decrease in NC values leads to an increase in
strength, both during bending and compression (Fig. 2).

Experimental data have shown that optimal bending
and compression strength characteristics are achieved
with a hyperplasticizer content of 0.2 — 0.3% by weight.
By day 28, bending strength increases from 8.5 to 13.7-
13.9 MPa, and compression strength increases from 56.9
t0 59.3-65.6 MPa. Based on the results obtained, the dos-
age of the Meflux 4930 hyperplasticizer in the amount
of 0.25 wt. % was selected for the development of a plas-
ter waterproofing mixture.

By the 28th day of hardening of the composition of
90% PC + 10% AC with the addition of 0.3% hyperplas-
ticizer (Melflux), low- and high-base amorphous hydro-
silicates, as well as hexagonal syngony hydroaluminates
(CAHo) in the form of prisms and plates, are present in
the cement stone structure; fixation of calcium monohy-
drosulfoaluminate is possible (Fig. 3).
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PUCYHOK 2

BJIMAHUE COIEPXKAHHUSA THUIIEP-
INIACTU®UKATOPA Melflux 4930 HA
MMPOYHOCTHBIE NIOKA3ATEJIN
HEMEHTHOI'O KAMHS

npu usrude (a)

npu c:xatum (0).
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Figure 2

IMpounocTts npu n3rude (MIla)
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The effect of the content of Melflux 4930 hy-
perplasticizer on the bending strength (a) 0
and compression (b) of cement stone
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PUCYHOK 3

CTPYKTYPA KOMIIO3UIIMOHHOI'O
BSIKYIIETO C JOBABKOWM Melflux
4930, TBEPJEBLIET O 28 cyT:
YBeauuenue, a — 5000 kpar;

6 — 15000 xpat

Figure 3

SEIy“ 15kV WD12mm. 8830

The structure of the composite binder with
the addition of Melflux 4930, hardened for
28 days:

Magnification, a — x 5000; b — x 15000

AHaloTH4HBIE MCCIEIOBAHUS OBIIM BBIIOJHEHBI U JUIA CY-
nepriactudukaropa Melment F-10 ¢ 1enpro OLEHKH €ro BIIHs-
HUS HA CBOMCTBA KOMIIO3UITUOHHOTO BsDKyero (90% I1L + 10%
CALl). [lns cHMXKEHUs BOJOMOTPEOHOCTH W YIUIOTHEHHS IIe-
MEHTHOTO KaMHS B KOMIO3HWIMOHHOE BSDKYIIES BBOIMIIM ILIA-
crudurarop Melment F-10 B xomuuectse 0,1-0,6 % ot Macchl
nemMeHTa (Tabi. 4).

Jobasnenne cynepruiacTu@uKaTopa CHIDKACT HOPMAaIBHYIO
TycTOTy LeMeHTHoro Tecta ¢ 36,0 1o 31,0 %, omgHako MeHee Cy-
IIeCTBEHHO, YeM runepruiactuduxarop. Ilpu mcmons3oBaHuH
Melment F-10 Hawamo cxBaThIBaHHA OCTAETCSA MPAKTHUECKH
Hen3MeHHBIM (34-35 MuH), TOr/Ia Kak KOHell yBenuauBaeTcs ¢ 60

Blcyr E3cyr B7cyTr E28oyT

0.1 0.2 0.3 0.4 0.5 0.6
KoMnosuuuoHHee BAKyIIHe ¢ nodaskami I'TI%
a(a)
Wlcyr m3cyr m7cyr m28cyT
0.1 0.2 0.3 0.4 0.5 0.6

Kommnoznmornsie pakynne ¢ Jodaskamu [ TI%

6 (b)

x15,000 1um
34992

0 (b)

Similar studies were performed for the Melment F-
10 superplasticizer in order to evaluate its effect on the
properties of the composite binder (90% PC + 10%
SAC). To reduce water consumption and cement stone
compaction, Melment F-10 plasticizer was introduced
into the composite binder in an amount of 0.1-0.6% by
weight of cement (Table 4).

The addition of a superplasticizer reduces the normal
consistency of the cement paste from 36.0 to 31.0 wt.%,
although to a lesser extent than a hyperplasticizer. When
Mel- ment F-10 is used, the initial setting time remains
practically unchanged (34-35 min), whereas the final
setting time increases from 60 to 80 min. The decrease
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1o 80 mus. CHmxenne 3HadeHnit HI” mpuBoauT K pocTy IpodHO-

CTH, KaK TpU U3rude, Tak U npu cxatuu (puc.4).

strength, both in bending

in normal consistency values leads to an increase in

and in compression (Fig. 4).

TABJIMIA 4 CBOMCTBA IEMEHTHOI'O TECTA C JJIOGABKOM Melment F-10
Table 4 Properties of cement paste with the addition of Melment F-10

Cpoxu cXBaTbIBaHHs, MUH

CocrtaB Copep:xanue, mac. % |HopmaabsHas rycrora, % Setting time (min)
Composition Content, wt% Normal consistency, % HAYAJI0 OKOHYAHHeE

initial final

0 37,0 34 60

0,1 35,5 35 70

0,2 34,0 35 72

90 % I + 10 % CAI] 0,3 32,5 35 76

0,4 32,0 35 78

0,5 31,5 35 80

0,6 31,0 35 80

PUCYHOK 4
Blcyr ®3cyr mT7cyr W28cyr

BJIUSIHUE COJEPKAHUSA CYIIEP-
INTACTUD®UKATOPA Melment F-10 HA
ITPOYHOCTHBIE ITIOKA3ATEJIN

—
=

HEMEHTHOI'O KAMHSI
npu u3rude (a)
npu c:xatum (0).

Figure 4

IMpounocts npn wirnoe ( MIa)

The effect of the content of Melment F-10
superplasticizer on the bending strength (a)

and compression (b) of cement stone

IpounocTs npu cxatTun ( MlIla)

0 0.1 0.2 0.3 0.4 0.5 0.6
Komnosunnonuble BaRymue ¢ odbaskamu CII%

a(a)

Blcytr ®3cyr  WTcoyT 28 ¢yt

0 0.1 0.2 0.3 0.4 0.5 0.6
KoMmno3anuonusie pkymne ¢ 1ooapramu CI%

6 (b)

U3 puc. 4 cnenyer, uro nobaska Melment F-10 (0,1-0,6 As shown in Fig. 4, the addition of Melment F-10 (0.1-
Mac. %) CrocoOCTBYeT MOBbIIIEHHE NPOYHOCTH NpH n3rude Ha 0.6 wt.%) promotes an increase in flexural strength at all
BCexX craausix TBepaeHus. [IpouHocTs npu cxxatuu Bo3pacraer — stages of hardening. Compressive strength increases at
B paHHHe cpoku npu conaepxxanun 0,4 mac. % u Bbie, a k 28  early ages when the content is 0.4 wt.% or higher, while
CyTKaM TOJIOKHUTENbHBIN 3 dexrT coxpansercss Tojpko mpu by 28 days the positive effect is retained only at a concen-
koHueHrpauuu 0,5 mac. %. OnTuManeHBIM Npu3HaHO BBepe-  tration of 0.5 wt.%. The introduction of 0.5 wt.% Melment
nue 0,5 mac. % Melment F-10, oGecrieunBaroniee npounocts F-10 is considered optimal, providing a flexural strength
nipu uzrude 14,6 MIla u ipu cxxaruu 60,8 Mlla.
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of 14.6 MPa and a compressive strength of 60.8 MPa.
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K 28 cyTkam TBepIeHIS KOMITO3UIIMOHHEIH IIEeMEHTHBIH Ka-
menb (90 % I + 10 % CAL) ¢ 0,5 mac. % Melment F- 10
(hopMupyeT IUIOTHYIO0 MAIOIOPHUCTYIO CTPYKTYPY € Ipeodia-
maaneM C-S-H, cTaOMIM3npoBaHHBIM ITTPHUHTHUTOM U MUHH-
MaJbHBIM COJNIEPYKaHHEM HeTpopearnpoBaBmmx ¢a3(puc.S),
YTO 00ECIeunBaeT BHICOKUE IKCILTyaTallHOHHbIE CBOWCTBA.

PUCYHOK 5

CTPYKTYPA KOMIIO3MIIUOHHOI'O
BSIKYIIEIO C JOBABKOM Melment F-
10, TBEPAEBILIEI'O 28 cyT:
YBenunuenue, a — 5000 kpar;

6 — 15000 xpart

Figure 5

The structure of the composite binder with & s
the addition of Melment F-10, hardened for | it
28 days:

Magnification, a — x 5000; b — x 15000

Jl71s1 onTHMaNbHBIX COCTABOB C INTACTU(UINPYIONMMH J0-
O6aBkamu Meflux (4930) u cynepmiactudpukaropom Melment
F-10 onpeneneHsl MOABMKHOCTD M KUBYYECTh KOMITO3HIINOH-
HOro coctapa (Tabim. 5).

YBenuueHue coaep)kKaHus MEJKOTO 3amofHuTelNs (Tecka)
NPY UCII0JIb30BaHUH TUNEPILIACTH()UKATOPA CHIKAET BOIOTIO-
TpeOHOCTh pacTBOpHOI cMmecu ¢ 28,0 1o 25,0 %, omHAaKO Cco-
MPOBOKJIAETCA MOTEPE MOJABUKHOCTH U JKUBYUECTU. Y MEHb-
IICHHE JI0JIU BSDKYLIETO B IPUCYTCTBHH CyIiepIuIacTU(HKaTopa
TaKke yMeHbIIaeT BogonoTpedHocTs (¢ 35,0 mo 30,5 %), npu
3TOM HAOJIOAETCsl AaHAIOTUYHOE CHM)KEHHE MOJBHXHOCTH H
JKUBYYeCTH cMecH (Tabu. 5).

[IpouHOCTHBIE TTOKA3aTENN KOMITO3HUIMH ¢ goOaBkoi Mel-
ment HECKOJILKO HWDKE, Y€M B Cilydae NPHMEHEHUs 100aBKH
Melflux, HO TeHmeHIMH coxpaHsSrOTcs (Tadbn. 6). [IpoyHOCTH
KOMITO3HMI[HOHHOTO COCTaBa 3aBHCUT OT COOTHOILLIECHHUS BSKY-
1iee/ecok. BepostHo, B ipucyTCTBUM IUIacTU(UKATOPA B PaH-
HHE CPOKM MPOMCXOJUT HEKOTOPOE 3aMeUICHHE IPOIIECCOB
THIIpaTalliy ¥ TBEPACHUS, a 3aTeM K 28 CyT mporecc yCKopsi-
eTcsl 32 CUET MEHBLIET0 COJIEPKAaHMS BOJIbI B CUCTEME.

a(a)

By 28 days of curing, the composite cement stone
(90% PC + 10% SAC) with 0.5 wt.% Melment F-10 de-
velops a dense, low-porosity microstructure dominated by
C-S-H, stabilized ettringite, and a minimal number of un-
reacted phases (Fig. 5), which ensures high performance
characteristics

n

"
E

Wo1imm  SS30

it

SEl 15KV

6 (b)

For the optimal compositions containing the plasticiz-
ing additive Meflux (4930) and the superplasticizer Mel-
ment F- 10, the workability and cohesiveness of the com-
posite mixture were determined (table 5).

Increasing the content of fine aggregate (sand) when
using a hyperplasticizer reduces the water demand of the
mortar from 28.0 to 25.0%, but is accompanied by a loss
of workability and cohesiveness. A decrease in the binder
fraction in the presence of the superplasticizer also reduces
the water demand (from 35.0 to 30.5%), while a similar
decline in the mixture’s workability and cohesiveness is
observed (table 5).

The strength characteristics of the composition with
the addition of Melment are slightly lower than those ob-
served with the use of Meflux, but the overall trends are
maintained (table 6). The strength of the composite mix-
ture depends on the binder-to-sand ratio. In the presence
of a plasticizer, early-age hydration and hardening pro-
cesses are likely somewhat delayed, while by 28 days the
process accelerates due to the reduced water content in the
system.

TABJIMLA 5. PE3YJIBTATHI HOABUKHOCTHU U ) KUBYUYECTU KOMIIO3ULIUOHHOI'O COCTABA
Table 5. Results of mobility and survivability of composite composition

Conep:xanue, %
Cocras Content, % HI', % IMoaBM:KHOCTH (CM)
Composition Bstxymee TeCOK NC, % Flowability (sm)
binder sand

10% CAILL +90% I+ 0,25% 50 50 25,0 11,0
Melflux 4930 60 40 28,0 9,5

10% CAILL +90% ITL+ 0,5% 50 50 30,5 10,0
Melment F-10 60 40 35,0 9,0

Hanee, cornmacuo I'OCT 58277-2018, onpenensuid Kanui-
JSIpHOE BOJIOTIOTIIONIEH E (T1. §), IPOYHOCTH CLETUIeHHs (aare-
3M10) pacTBOpa C OCHOBaHUEM (11. 9), MOPO30CTOHKOCTH 3aTBep-
JeBuux pacTBopos (1. 10) n BoronenpoHunaemMocts B Tadi. 7
MIPUBE/ICHBI  TIOJIyYeHHbIE 3HA4YEHUS B CPaBHEHHH C

Furthermore, according to GOST 58277-2018, the ca-
pillary water absorption (clause 8), the bond strength (ad-
hesion) of the mortar to the substrate (clause 9), the frost
resistance of hardened mortars (clause 10), and the water
impermeability were determined. Tables 7 present the
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HOpMATUBHBIMU TIoKazateaamu 1o T'OCT 34669-2020° u
TI'OCT 34885-2022%.

obtained values in comparison with the standard require-
ments of GOST 34669-2020° and GOST 34885-2022*

TABJULA 6 TIPOYHOCTHBIE NIOKA3ATEJIHU KOMIIO3ULITMOHHOI'O COCTABA
Table 6 Strength parameters of the composite composition

Copep:xanue, % IIpounocts, cyt MIla
C Content, % Strength MPa, during hardening, day, MPa
ComocoT;fion npu u3ruode TPH CKATAH
P Bﬁ?;’;?:e I;cho(;( (in bending) (in compression)
1 cyt (day) |28 cyt (day) | 1 cyr(day) | 28 cyr(day)
10% CALL +90% I111+0,25% 50 50 8,3 17,5 60,1 93,1
Melflux 4930 40 60 5,9 15,1 41.1 100,1
10% CAILL +90% ITL+0,5% 50 50 5,1 13,7 445 82,0
Melment F-10 40 60 6,3 11,2 31,8 86,3
TABJMIIA 7 CBOMCTBA KOMIIO3UIIMOHHOT'O COCTABA
Table 7 Properties of the composite composition
3HayeHHe MOKa3aTest
The value of the indicator
TMokasaTens Monyuyennoe ¢| Ilonyuennoe ¢ | Ilo TOCT 34669- | Ilo TOCT 34885-
Indicator Melflux Melment 2020 2022
Received from | Received from According to According to
Melflux Melment GOST 34669-2020| GOST 34885-2022
TonsmwkHOCTS [PACTBOPHBIX CMeceH 11,0- 9,5 c™m 10,0-9,0 c™m He meHee [1k3
Flowability of mortar
CoxpaHIeMOCTh IIEPBOHAYATIHHOI ITOIBHKHO-
CTHU pacTBOPHBIX cMecei 35 muH 32 MuH He MeHee 30 MUH
Retention of the initial workability of mortar
BonoynepxuBatomniast ClocOOHOCTb
PacCTBOPHBIX CMecei 93% 91% He menee 90 %
Water retention of mortar
TpousocTs npu Cxati B Bospacte 28 CyT | o3 160 Mr1a | 82,0 - 82,3 MITa He MenHee 25 MITa
Compressive strength at the age of 28 days
Anresus x 6eToHy, 28 cyT
Adhesion to concrete, 28 days 2,6 Mlla 2,4 Mlla He mexee 2,0 Ml
. e menee 0,2 MM/M
Jluneiinast oTHOCHTENBbHAS TeOopMAaITHs
u He 6oiree 0,8 MM/M
pacIIpeHust 0,4 Mmm/M 0,4 mm/M
. . . . B Bo3pacte 14 u 28
Linear relative expansion strain
CyT
Mapka 1o BOJJOHETIPOHUIIAEMOCTH B BO3PACTe
28 cyT 0,78 0,78 He meHee W6
Brand for water resistance at the age of 28 days

3akiaouenue

Takum 006pa3oM CBOWCTBa pacTBOPHOM cMecH ¢ (pakuu-

OHHUPOBAHHBIM IECKOM 3aBUCAT OT COOTHOLICHUS BSXKYIIETO

U IIE€CKAa B KOMITIO3UIIUH. IloBEIeHHAS KOHIICHTpalus MeCKa

B COYCTaHUU C HJ'IaCTI/I(I)I/IKaTOpaMI/I CHOCOGCTByeT Ooiee

TUIOTHOM CTPYKType 3aTBEPIEBIIETO PACTBOPA, CHUKCHHIO

Conclusion

Thus, the properties of mortar with fractionated sand de-

pend on the binder-to-sand ratio in the composition. An in-
creased sand content in combination with plasticizers pro-
motes a denser microstructure of the hardened mortar, re-
duces porosity, and enhances mechanical strength. Test re-

3TOCT 34885-2022 CucTeMa CyXUX CTPOUTENBHBIX THIPOU3OJISIIMOHHBIX CMECEH Ha [IEMEHTHOM BSDKYIIEM JUISl TEPMETH3AIIMH CTATUIHBIX ITBOB
(TpeurH) B CTPOUTEIBbHBIX KOHCTPYKIUAX. TexHudeckue ycnosus. - M. Cranmaptundopm, 2022. - 16 c.
GOST 34885-2022. Dry construction waterproofing mixture system based on cement binder for sealing static joints (cracks) in building structures.

Technical conditions. - M. Standartinform, 2022. - 16 p.

4 TOCT 34669-2020 CMecH Cyxue CTpPOMTETbHbIE THAPOU3OIAIHOHHbIE MTPOHUKAIONINE HA [IEMEHTHOM BSKyIIeM. TeXHHUeCKHe YCIoBHs. - M.:

Crangaptundopm, 2020. - 22 c.

GOST 34669-2020 Dry construction waterproofing penetrating mixes based on cement binders. Specifications. - Moscow: Standartinform, 2020.

-22p.
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MMOPHUCTOCTH U YBEIMUYCHUIO MEXaHUYECKOW MpoYHOCTH. Pe-
3yJIbTATHl HCIIBITAHAHN ITOKA3aJIH, 9TO COCTAB C COAEPIKaHUEM
50 % Bspxymmero u 50 % mecka JEMOHCTPHPYET OoJiee BBICO-
KyI0 paHHIOIO IPOYHOCTH KaK MPH M3THOE U, TaK U IPH CxKa-
THH TI0 cpaBHEeHHUIO ¢ coctaBoM 40 % Bsxymero u 60 %
necka. Ha mepBbIe CyTKHM TBEpJCHUS NaHHBIN cOCTaB obec-
MICYMBACT MPOYHOCTH Tpu u3rude §,3 Mlla u npodHOCTh TpU
cxaruu 60,1 MIla. B Bo3pacte 28 cyT mpouHOCTH 3aTBep-
JeBuiero pactsopa kommnosunuu ¢ 0,25 % Melflux 4930 co-
crapinsetT 15,1-17,5 MIla npu usru6e u 93,1-100,0 MIla npu
cxatuu, a aiasa cocraBa ¢ 0,5 % Melment F-10 - 11,213,7
MITa u 82,0-86,3 MIla, cOOTBETCTBEHHO. Y YUTBIBAsI OTH I10-
Ka3aTelln, peKOMEHAYeTCS IPUMEHATh COCTaB ¢ COOTHOIIIE-
aueM 50 % Bsoxymiero u 50 % mecka U THAPOM30IIIHOH-
HBIX OITYKaTYPHBIX CMECeH.
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sults showed that the composition containing 50% binder and
50% sand exhibits higher early-age strength (both in bending
and compression) compared to the composition with 40%
binder and 60% sand. At one day of curing, this composition
provides a flexural strength of 8.3 MPa and a compressive
strength of 60.1 MPa. At 28 days, the hardened mortar of the
composition with 0.25% Meflux 4930 shows a flexural
strength of 15.1-17.5 MPa and a compressive strength of
93.1-100.0 MPa, whereas for the composition with 0.5%
Melment F-10, the values are 11.2-13.7 MPa and 82.0-86.3
MPa, respectively. Considering these results, it is recom-
mended to use a composition with a 50% binder and 50%
sand ratio for waterproofing plaster mortars.
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