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Abstract. The effect of partial cement replacement with high-activity metakaolin on the
strength, frost resistance, shrinkage and abrasion resistance of concrete modified with
polycarboxylate admixture MasterGlenium SKY 608. Portland cement CEM 1I/A-S 42.5 (T1L] 1I/A-
I11-500) with partial metakaolin replacement 15 kg (3.75 %) and 30 kg (7.5 %) was used for
concrete preparation. The amount of superplasticizer in all studied compositions was 1.2% of
cement weight. Slump of concrete mixtures was 6...7 cm.

It was found that with increasing amount of metakaolin W/C ratio of mixtures increased
slightly. The early compressive and flexural strength (at the age of 2 days) of the composition
without metakaolin was higher than similar indicators with partial cement replacement with the
active mineral admixture. It is worth noting the positive effect of increasing the metakaolin amount
on early strength, because the composition with 30 kg metakaolin had strengths higher at 2 days of
in difference to the composition with 15 kg metakaolin.

It is necessary to note high frost resistance of all obtained concretes. Its grade of frost resistance
reached F200 (evaluated according to the method for road concrete), which is equivalent to the grade
F600 for structural concrete. Abrasion resistance was in the low range (0.30-0.31 g/cm?), total
shrinkage does not exceed 0.28 mm/m, which in combination with high frost resistance has a
positive effect on the durability of concrete mixtures for rigid pavements repair.

Keywords: rigid pavement, repair, early strength, shrinkage, frost resistance, abrasion
resistance, metakaolin, superplasticizer.

Introduction. Concrete technology is constantly evolving. Today classic three-component
concretes are practically not used. Concrete mixtures modification takes place using
superplasticizers and active mineral admixtures, one of which is metakaolin [1-7]. Environmental
pollution is acute issue in cement production [8]. It led to the use of pozzolanic products, including
metakaolin, as a partial replacement for clinker.

Metakaolin is a heating product of purified kaolinite clay at a temperature of 600-900°C.
When Al,03-2Si0,-H,0 (kaolin) is heating the crystal structure is deformed due to the evaporation
of bound water. The result is a non-hydrated reactive form consisting of an amorphous
aluminosilicate — metakaolin.

The investigation introduces results of a complex concrete mixture modification with the
polycarboxylate admixture BASF MasterGlenium SKY 608 and high-activity metakaolin.

Analysis of recent researches and problem statement. The characteristics of concrete are
determined by its strength and properties that determine its durability under typical operating
conditions. With the advent of various types superplasticizers and a more complete exposure of the
high-activity metakaolin reactivity, it became feasible to obtain high performance concretes [3, 9, 10],
with high early strength (minimum 30 MPa on the 2™ day) and grade strength (minimum 60 MPa).
High frost resistance (minimum F200 for pavement concretes and F600 for structural concretes) and
low abrasive resistance (no more 0.4 g/cm?) ensure high durability of the material. The lifetime of
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structures made of such concrete reaches 200 years. This allows them to be used as a repair material
for rigid pavements repair.

Ukraine occupies one of the leading places in the world of industrial kaolin reserves, their
volume exceeds 300 million tons [11]. Metakaolin was first used as a pozzolanic admixture for
concrete mixtures in Brazil (1962) for the dams’ construction [12]. In addition, the metakaolin
manufacture, in comparison with Portland cement, requires a much lower calcination temperature,
as a result, less CO, emissions. According to [3, 6] for each ton of cement produced, 0.82-1 ton of
CO; is emmited.

Depending on the type and cement dosage used in the concrete, the optimal amount of its
replacement with metakaolin is up to 20% [2-7, 11-14]. The pozzolanic properties of metakaolin
improve the physical and mechanical properties of concrete due to the formation of additional
calcium hydrosilicate (C-H-S) as a result of the interaction of cement hydration products (Ca(OH),)
with a mineral filler, which has a smaller specific surface area in contrast to cement. It should be
noted that the W/C of concrete mixtures with metakaolin increases with raise in its amount. It is
necessary to use water-reducing admixtures-superplasticizers to restore the mixture workability at a
lower W/C.

Research objective is to study the effect of cement replacing with high-activity metakaolin
on early and grade strength, frost resistance, wear resistance and shrinkage of concrete modified
with BASF additive MasterGlenium SKY 608.

Materials and research methods. The following source materials were used in research.
Portland cement ITL1 11I/A-111-500 (CEM I1/A-S 42.5), manufactured by PJSC "Dyckerhoff Cement
Ukraine”. Metakaolin obtained by heat treatment of enriched natural kaolin from the
Dermankovskoye field of the Rivne region, manufactured by Ltd "Western Kaolin Company".
Granite crushed stone of the Gorikhovsky quarry with nominal maximum size 20 mm and quartz
sand of the Nikitovsky quarry (Voznesensky district) were used as aggregates. Sieve analysis of
aggregates is presented in Fig. 1. Modifying admixture MasterGlenium SKY 608 based on
polycarboxylate ether was used in an amount of 1.2% by weight of cement. This dosage has been
selected based on past research [15]. The cement replacement with metakaolin was 15 and 30 kg/m®
(3.75% and 7.5% of the cement mass). The concrete mix preparation process and sample testing
were carried out in accordance with current requirements.
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Fig. 1. Coarse and fine aggregates gradation

Research results. 3 batches of concrete samples were fabricated (in each batch 18 cubes
10x10x10 cm and 8 beams 40x10x10 cm). The compositions of the investigated concretes and
WI/C are shown in Table 1. Slump of concrete mixtures was (6...7 cm), which meets the workability
requirements for rigid pavement repair concrete mixtures.
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Data analysis in Fig. 2, 3 show that the early and grade compressive and flexural strength of
modified concrete without metakaolin addition (fek. cube2 = 47.3 MPa, ok cube2s = 87.5 MPa, fci2 =
5.7 MPa, ;128 = 9.3 MPa) is slightly higher than similar strength indicators of concrete with partial
cement replacement with metakaolin. This is caused by the water demand increase of concrete
mixtures due to the greater dispersion of metakaolin relative to cement. It should be noted that the
compressive and flexural of composition Ne 3 at 2™ day age (30 kg metakaolin) with a higher W/C
was 5.9% higher than the strength of composition Ne 2 (15 kg metakaolin). This is due to increase
in the amount of (C-H-S) in the early ages [11] with an increase of the metakaolin conctent.
Probably, this trend can persist with a further increase of the metakaolin content. In this case, the
increase of the mixture W/C must be compensated by adjusting of the superplasticizer amount.

On the basis of Portland cement I1L I1/A-111-500 (CEM I1/A-S 42.5) with an amount of BASF
MasterGlenium SKY 608 additive 1.2% of its mass, high-performance concrete with compressive
strength 87.5 MPa was obtained, which approximately corresponds to the grade C50/60. 15 kg
replacement of cement with metakaolin made it possible to obtain concrete of the same grade
C50/60 with strength 85.2 MPa, and after 30 kg cement replacement, concrete grade C45/55 with
strength 78.4 MPa was obtained.

Early strength is an important parameter of the concrete quality for the rigid pavement repair.
Compressive strength of the investigated modified concretes at 2™ day age was 54%, 38% and 46%
of the grade for compositions 1, 2 and 3, respectively. Flexural strength at 2nd day age for these
compositions was 61%, 58% and 63% of the strength at 28" day. Strength features of the obtained
concretes allow them to be used as a repair material since main indicator of the mechanical
properties for pavements is the early flexural strength, which was more than 5 MPa on the 2" day
of hardening for all researched compositions.

Frost resistance of the concretes was determined according to the Ukrainian building state
code DSTU B V.2.7-49-96, 3rd accelerated method. The obtained values for all compositions
corresponded to the frost resistance of the F200 grade for road concretes, which is equivalent to the
F600 grade for structural concretes. High frost resistance of the compositions with metakaolin is
explained by the fact that with an increase in its amount, a greater number of new formations (C-H-S)
are formed [4, 14, 16-20] that reduce the average pore size.

Abrasion resistance for road concrete is an important and integral characteristic of its
durability. The most important factors affecting on the wear resistance of concrete are its strength,
the nature and amount of aggregate, defined as the cement/aggregate ratio, and its maximum size
[21-23]. Tests were carried out according to DSTU B V.2.7-212:2009. The results showed high
abrasion resistance of all investigated concretes — 0.30...0.31 g/cm?, which ensures their durability
under the influence of road transport.

For rigid pavement repair compositions, an important indicator of the quality of concrete is its
shrinkage, which largely determines the joint work of new and old concrete. Deformations of fresh
concrete can be caused due to the following reasons [24-27]: plastic shrinkage, chemical shrinkage,
which is an integral part of autogenous shrinkage and may not be considered in practice, drying
shrinkage, carbonation shrinkage develops over a long period of time and constitutes an
insignificant value that can be neglected. Additional factors causing shrinkage deformations can be
stresses caused by unacceptable temperature fluctuations in massive structures and the highly
reactive ability of mineral additives with cement alkalis. Drying shrinkage is at least studied. It
causes the main shrinkage deformations of the cement stone and depends on the type and cement
content, its specific surface area and W/C ratio, which determines moisture content of the cement
stone. According to researches [25, 28] increasing metakaolin content reduces shrinkage over time
with the same W/C mixtures and equal workability.

In our study, we measured the total shrinkage, consisting of autogenous and drying shrinkage for
mixtures with different W/C. Measurement of shrinkage deformations was carried out on prisms of
40x10x10 cm according to DSTU B V.2.7-216:2009. Measurements started 24 hours after concrete
forming, directly after sample stripping. The measurements were carried out using a dial indicator with a
graduation of 0.01 mm after 3 hours, 6 hours, 1, 2, 3 and 7 days. The results are shown in Fig. 4.
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Conclusions and prospects for further researches. Partial replacing of the cement with
metakaolin entails the need to increase W/C ratio of the concrete mixture. However, this does not
significantly affect the compressive and flexural strength of concretes modified with the BASF
MasterGlenium SKY 608 polycarboxylate admixture. Control concrete and concrete with
metakaolin in the amount of 15 kg/m?® correspond to grade C50/60. 30 kg of cement replacing with
metakaolin, concrete grade C45/55 was obtained. Total shrinkage of concrete with partial
replacement of cement with metakaolin, does not exceed 0.28 mm/m, all investigated concretes had
high frost resistance (F200 for road concrete, equivalent F600 for structural concrete) and low
abrasion resistance — 0.30-0.31 g/cm?. Such physical and mechanical properties ensure high
concrete durability for rigid pavements.
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Fig. 4. Total shrinkage of investigated concretes at early ages

Further research should be directed to optimizing the dosage of various types of plasticizers,
depending on the amount and cement type used in conjunction with metakaolin. It is also necessary
to attend to a more detailed study of shrinkage deformations in compositions with metakaolin,
since, according to [29], it is theoretically possible to reduce shrinkage by replacing cement with
metakaolin and adding gypsum.
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BILJIUB METAKAOJIIHY HA MOJIJU®IKOBAHUMI MNOJIIKAPEOKCUJIATHOIO
JOBABKOIO BETOH JJIs1 PEMOHTY KOPCTKUX IIOKPUTTIB JOPIT

1KpnmaHOBc5KHifl B.O., imxenep,
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AHoTanis. /{ociikeHo BIUIMB YaCTKOBOI 3aMIHU IIEMEHTY BUCOKOAKTUBHUM METaKaOJiHOM
Ha MIIHICTh, MOPO30CTIHKICTh, YCAAKy 1 3HOCOCTIHKICTP MOIU(IKOBAHUX MOJIKapOOKCHIATHOIO
no6askoro MasterGlenium SKY 608 GeroniB. [[nst npuroryBaHHs O€TOHIB BHKOPHCTOBYBABCS
nement [11] II/A-111-500 (CEM I1/A-S 42,5) 3 yacTkoBotO 3amMiHOIO MeTakaominoM: 15 kr (3.75%) i
30 kr (7.5%). KinpkicTe cynepmiacTudikatopa y BCiX TOCTIIKYBaHMX KOMIO3MIISAX CKJaaajia
1,2% Bin Macu nemeHnTty. Mapka pyXJauBOCTI O€TOHHUX cymimeit P2.

BceranoBneno, mo 3 MiABUUICHHSIM KUIbKOCTI MeTakaominy B/Il cymimeit He3HauHO
niasunryBaiocs. [Ipu poMy panHs MinHICTH (y Bili 2-X 1i0) Ha CTHUCK 1 PO3TAT MPH 3THHI CKIIATY
0e3 MeTakaoliHy Oysa BUIIE aHAIOTIYHUX MOKA3HUKIB 3 YACTKOBOIO 3aMiHOIO IIEMEHTY Ha aKTUBHY
MiHepaJibHy /100aBKy. BapTo Bi3HaUWTH MO3UTUBHUM BIUIMB IMIJBUIIEHHS KUIBKOCTI METaKaoJIHY
Ha PaHHIO MIIHICTh, TOMY IIIO CKJaJ 3 OUIBIIOI KUIbKICTIO MeTakaomniHy (30 Kr) MaB MOKa3HUKHU
MILHOCTI BHILIE Ha 2 100y TBEpAIHHS Ha BIAMIHY BiJ CKiaay 3 15 Kr MeTakaomiHy.

3a paxyHok BuKopuctanus no6aBku MasterGlenium SKY 608 Ha oCcHOBI MOPTIaHIIIEMEHTY
ITI] I/A-II-500 OyB oTpuMaHHMii BUCOKOMIIHHN O€TOH JUIsI PEMOHTY MOPCTKHX JIOPOXKHIX
NOKpUTTIB 3 MinHicTIO 87,5 MIla, mo npubausno Bianosigae kiaacy C50/60. 3amina 15 kr nemeHrty
Ha METaKaoJiH JI03BOJMIa OTpuMatu OeToH Toro x kinacy C50/60 3 minnictio 85,2 Mlla, a npu
3amiHi 30 kr memeHTy OyB oTpumanHuii OetoH kiacy C45/55 3 miunictio 78,4 MIla. Cepenns
TyCTHHA JTOCHIIPKEHUX OeTOHIB cTaHoBmIIA B 2480 10 2580 KT/,

HeoOXiHO Bif3HAYMTH BUCOKY MOPO3OCTIHKICTH BCIX OTpMMaHMX OETOHiB. IX Mapka Mo
Mopo3ocTiiikocti jocsriaa F200 (mpu omiHmi 3a METOJUKOK Uil JOPOXHIX OETOHIB), IO
ekBiBaJleHTHO Mapui F600 mns xoHcTpykiiiHux OeroHiB. Iloka3HukM 3HOCOCTiMKOCTI Oynu B
amsbkux  Mexkax (0,30-0,31 r/em®), yeamka o 0,28 MM/M IO B CYKYIHOCTI 3 BHCOKOKO
MOpPO3OCTIMKICTIO POOUTH MO3WTHUBHUKA BIUIMB HA JIOBFOBIUHICTH PEMOHTHHUX CKJIAJiB >KOPCTKUX
JIOPOKHIX OJISITIB.

KirouoBi cioBa: KOpPCTKI JIOpOXKHI TOKPHUTTSA, PEMOHT, paHHS MIIHICTh, YCajKa,
MOPO30CTIMKICTh, 3HOCOCTIMKICTh, METaKaOI1H, cynepIuiacTudikaTop.
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AHHoTanusi. lccrnenoBaHo BIMAHHME YAaCTUYHOM 3aMEHBbl IIEMEHTAa BBICOKOAKTHBHBIM
METaKaO0JIMHOM Ha MPOYHOCTH, MOPO30CTOUKOCTb, YCAAKY M H3HOCOCTOMKOCTh MOAM(DUIINPOBAHHBIX
nonrkapookcmiatHon podaskor MasterGlenium SKY 608 6eTonoB. [l mpuroToBieHus: 6ETOHOB
ucnonb3oBajics nement [11] II/A-111-500 (CEM 1I/A-S 42,5) ¢ yacTu4HO# 3aMEHO# METaKaOJIUHOM:
15 xr (3.75 %) u 30 xr (7.5 %). KonuyectBo cymnepruiactudukaTopa BO BCEX HCCIEAYEMBIX
KOMIIO3UIIUSX cocTaBmiIo 1,2% oT Macchl ieMeHTa. Mapka moABIKHOCTH OETOHHBIX cMeceid P2.

YcTaHOBNIEHO, YTO C MOBBIIICHHEM KoilndyecTBa MerakaonuHa B/Ll cmeceill He3HaUYUTENHHO
MOBBIIANOCK. [Ipr ATOM paHHsS MPOYHOCTH (B BO3pacTe 2X CYTOK) Ha C)KaTHE W PACTSDKEHUE MPH
u3rube cocraBa 0e3 MeTakaoirHa ObUIa BBIIIE aHAIOTMYHBIX MMOKA3aTelel ¢ YaCTUYHON 3aMEeHOMN
[IEMEHTa Ha aKTUBHYIO MUHEPAIBbHYIO 100aBKY. CTOUT OTMETUTh TIO3UTUBHOE BIIMSHUE TTOBBIIICHUS
KOJMYECTBA METaKaoJIMHA Ha PAHHIOK MPOYHOCTh, T.K. COCTaB C OOJBIIUM KOJIHMYECTBOM
MetakaoyinHa (30 Kr) MMen MPOYHOCTHBIE XAapaKTEPUCTUKM BBIIIE HAa 2€ CYTKU TBEpACHUS B
OTJIMYME OT COCTaBa ¢ 15 Kr MeTakaoanHa.

3a cuet ucnonb3oBanus go6aBku MasterGlenium SKY 608 Ha ocHoBe nmopriananementa [11]
11/A-11I-500 Obu1 ONMTy4YeH BBICOKOMPOYHBIN OETOH ISl PEMOHTA JKECTKUX JTIOPOKHBIX MOKPBITHI €
npouyHocTeio 87,5 MIla, uto mpumepHO cooTBeTcTBYeT Kiaccy C50/60. 3amena 15 kr nieMenTa Ha
METaKaoJIMH MO3BOJIWIA MOIYYUTh OeTOH Toro ke kinacca C50/60 ¢ mpounocteio 85,2 Mlla, a nmpu
3ameHe 30 kr nemeHTta ObLI nmosydeH O0etoH kiacca C45/55 ¢ mpounoctsio 78,4 MIla. Cpenusis
IUIOTHOCTB MCCIIEAOBAHHBIX OETOHOB cocTaBisuia oT 2480 1o 2580 Kr/ME.

Heo0xo1muMo OTMETUTH BBICOKYIO MOPO30CTOMKOCTh BCEX IMOIY4YEHHBIX OeTOHOB. VX Mapka
no Mopo3ocTtoikoctu gocturia F200 (mpu ouneHke 1Mo MeTOAUKE A JTOPOXKHBIX OETOHOB), YTO
sKBHBaJIEHTHO Mapke F600 /i KOHCTpyKUIMOHHBIX OeToHOB. Iloka3aTenn M3HOCOCTOMKOCTH ObUIH
B Huskux mpenenax (0,30-0,31 F/CMZ), ycagka a0 0,28 MM/M 9TO B COBOKYIHOCTH C BBICOKOM
MOPO30CTOWKOCTBIO OKa3bIBACT TOJOKHUTEIHHOE BIMSHUE HA JIOJTOBEYHOCTH PEMOHTHBIX COCTaBOB
KECTKUX JIOPOKHBIX OJIEHKI.

KiroueBblie cj10Ba: )KECTKUE TOPOKHBIE IIOKPBITHS, PEMOHT, PaHHSISI IIPOYHOCTb, yCaKa,
MOpPO30CTOHKOCTb, H3HOCOCTOMKOCTh, METAKAOJIMH, CYIEepIUIacTU(PUKATOD.
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