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Abstract. The research is devoted to the development of compositions of modified fiber
concrete of rigid road pavements with high strength and frost resistance through the use of
metakaolin and a polycarboxylate type superplasticizer.

The compressive strength, tensile strength under bending and frost resistance of concrete and
fiber concrete of rigid road pavements were investigated according to the 4-factor optimal plan. In
the experiment the amount of concrete components varied: Portland cement, polypropylene fibers,
metakaolin, the polycarboxylate type additives Coral ExpertSuid-5.

All mixtures had equal mobility P2 and their W/C depended on the composition of concrete.
The use of polypropylene fiber and metakaolin necessitates an increase of W/C to maintain the
mobility of the mixture. Increasing the amount of Coral ExpertSuid-5 additive in concrete to 0.9-1%
allows to reduce significantly W/C of the mixture.

Metakaolin as an active mineral additive increases the compressive strength and tensile
strength of concrete. Rational in terms of increasing strength is the amount of metakaolin at the
level of 20..22 kg/m®. With an increase in the amount of Coral ExpertSuid-5 additive to 0.9..1% due
to a decrease of W/C, the compressive strength of concrete increases by 5..7 MPa, and the tensile
strength increases by about 0.5 MPa. Due to the introduction of polypropylene fiber, the tensile
strength of concrete in bending increases by 0.6..0.9 MPa. But dispersed reinforcement does not
affect the compressive strength of concrete. The developed fiber concrete using a rational amount of
modifiers, depending on the amount of Portland cement in the composition, has a compressive
strength from 55 MPa to 70 MPa and tensile strength from 8 MPa to 9.5 MPa. The high strength of
fiber-reinforced concretes allows their use in road pavements with the highest load.

Frost resistance of concrete increases by 50 cycles or more when using fiber in an amount of
1.5-2 kg/m>. Due to the use of a rational amount of modifiers (0.8-1% Coral ExpertSuid-5 additive
and 15-20 kg/m® metakaolin), frost resistance of concrete and fiber concrete increases by 50-100
cycles. The developed modified fiber concretes of rigid road pavements depending on the amount
of Portland cement in the composition have frost resistance from F350 to F450, which ensures their
sufficient durability.

Keywords: strength, frost resistance, road pavement, cement concrete, fiber, metakaolin,
superplasticizer.

Introduction. Rigid cement concrete pavements are widely used in the European Union, the
United States and other developed countries. These pavements have shown their high performance
properties and durability, which confirmed the economic feasibility of their use. In recent years,
rigid cement concrete pavements are increasingly used in domestic practice of road construction.

In Ukraine and other countries with temperate climates, frost resistance is one of the main
indicators of the quality of concrete pavements, ensuring the durability of materials. Nowadays, one
of the most effective materials for cement concrete pavements are modified fiber concretes. These
materials are able to provide both high strength and durability of the pavement.

Accordingly, the task of developing modified fiber concrete rigid pavements based on
domestic binders, aggregates and modifiers is actual.
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Analysis of recent research and publications. In the conditions of constant influence of
transport and weather factors service life of rigid road pavements is two and more times longer in
comparison with asphalt concrete pavements [1]. Another important advantage of cement concrete
pavements is that bitumen is not used for their production. Qil reserves for bitumen production are
more limited than raw material reserves for cement production. It is also important that most of the
bitumen in Ukraine is imported [2].

During the manufacture of rigid concrete pavements the achievement of the required level of
efficiency simultaneously with high durability and strength of the material is possible only when using
modern additives modifiers [3, 4]. Today polycarboxylate type superplasticizers are one of the most
effective concrete modifiers. For concrete pavements also an effective method of increasing durability
is the use of active mineral additives of pozzolanic type [5], in particular metakaolin [6, 7]. Metakaolin
significantly affects the process of structure formation of concrete. These changes in the structure
increase the durability of concrete by reducing permeability and shrinkage, as well as increasing
frost resistance and corrosion resistance [4-7].

Disperse reinforcement is also a known method of improving the mechanical properties of
concrete [4, 5, 8, 9]. The use of fiber can increase crack resistance, frost resistance, tensile strength
and wear resistance of concrete, which is important for paving materials [4, 9]. Accordingly,
disperse-reinforced concretes modified with a polycarboxylate-type superplasticizer and an active
pozzolanic-type mineral additive are promising materials for rigid pavements that are operated in
severe conditions.

Purpose of the work. Development of compositions of modified fiber concretes of rigid
pavements with high strength and frost resistance due to the use of metakaolin and polycarboxylate
type superplasticizer.

Objects and methods of research. Research of the physical and mechanical properties of
concretes and fiber concretes of rigid pavement was carried out according to the optimal 18-point 4-
factor plan [10]. During the experiment, the following compositional factors varied:

— X3, amount of Portland cement PC II/A-S-500 (CEM II/A-S 42.5), produced by PRJSC
“Dyckerhoff Cement Ukraine”, from 400 to 500 kg/ m:

— X», the amount of polypropylene fiber (length 12 mm, diameter 20 um), from 0 to 2 kg/m3;

— X3, the amount of metakaolin (firing product of enriched kaolin clays), from 0 to 30 kg/m?;

— X4, the amount of additives of complex action (superplasticizer and curing accelerator) of
polycarboxylate type Coral ExpertSuid-5, from 0.6 to 1% by weight of cement.

Crushed stone of fraction 5-10 mm and quartz sand with a modulus of 2.7 were used as
aggregates for fiber concretes.

The compressive strength of concrete was determined according to DSTU B B.2.7-224:2009.
The tensile strength in bending was determined on samples of beams measuring 4x4x16 cm. Frost
resistance of rigid pavements concretes was determined by the accelerated method in salt water
when frozen to —50°C.

Research results. The mobility of mixtures of all studied concretes and fiber concretes was
equal (P2, cone slump from 6 to 8 cm), respectively, their W/C depended on the composition. It was
found that with an increase in the amount of Portland cement W/C is projected to decrease. The use
of polypropylene fiber necessitates an increase of W/C to maintain the mobility of the mixture.
When using metakaolin due to its additional water consumption, W/C of the mixture also increases.
Increasing the amount of Coral ExpertSuid-5 in the concrete composition from 0.6% to 0.9-1%
significantly reduces the W/C of the mixture.

The analysis of this ES-model shows that the amount of polypropylene fiber has a negligible
effect on the compressive strength of the studied concretes and fiber concretes. Accordingly, Fig. 1
shows a diagram constructed in (1) in the form of a cube, which reflects the effect of the amount of
Portland cement, metakaolin and Coral ExpertSuid-5 on the compressive strength of concretes and
fiber concretes.
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Experimental-statistical (ES) model describing the influence of variable composition factors on
the compressive strength of the studied concretes and fiber concretes (at standard age) has the form:

focue (MPa) = 59.4 +5.9x; — 2.4x1% + 1.1X1Xo + OXiXs + 1.1X1Xs

—2.0x, + 2.4X22 + 0XoXz — 1.0XoX4
+1.6X3 — 3.:|.X32 + 0X3X4
+ 1.5, —1.9x,° 1)

X3 Metakaolin
A (kg/m3)

30-

Fig. 1. The effect of the amount of Portland
cement, metakaolin and additive Coral
ExpertSuid-5 on the compressive strength of
concrete and fiber concrete

159y [ 8

The analysis of the diagram in Fig. 1 shows that with increasing amount of cement in the
composition, the strength of concrete is expected to increase. Metakaolin as an active mineral
additive increases the strength of concrete. Rational for the strength of concrete is the amount of
metakaolin from 20 to 22 kg/m®. When increasing the amount of additives of complex action Coral
ExpertSuid-5 to 0.9..1%, the strength of concrete increases by 5..7 MPa. The positive effect of the
additive is more noticeable for concretes with metakaolin.

Developed concretes and fiber concretes with a rational amount of modifiers depending on the
amount of Portland cement in the composition have a compressive strength of 55 MPa to 70MPa,
which corresponds to classes B40-B50. This strength of concrete is even slightly higher than
regulated by regulations for cement concrete pavements, which allows to expect greater durability
of the pavement. Due to the high early strength, which was found in the previous stages of the
research [11], the developed concretes provide the possibility of a faster start of road operation.

For rigid pavements, important quality indicators are not only their compressive strength, but
also tensile strength in bending. This is due to the multidirectional loads that the pavement receives
during operation. EC-model, which describes the effect of variable compositional factors on tensile
strength in bending of the studied concretes and fiber concretes, has the form:

foc (MPa) = 8.30 + 0.61x1 — 0.22x:% + 0.07X1X2 + O0xiXs  + 0.10X1X4

+0.32X, £ 0X,° +0.09%,X3 — 0.13XoX4
+0.05x3 — 0.17x5° + 0.05X3%y4
+0.11x4 + 0.09%,2 (2)

According to the EC-model (2) diagrams of the type "squares on squares” are constructed and
are shown in Fig. 2. To build the diagram, the square in the xs3-x4 coordinates (the amount of
metakaolin and the additive Coral ExpertSuid-5, i.e. the amount of modifiers) was chosen as the
bearing square. In the field of the bearing square 9 of constructed squares is reflected the effect of
the amount of Portland cement and polypropylene fiber on the tensile strength in bending of
concrete and fiber concrete with the appropriate amount of modifiers.
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Fig. 2. Influence of varied compositional factors on tensile strength during bending of
concretes and fiber concretes
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The analysis of the diagram shown in Fig. 2 shows that the tensile strength in bending of
concrete and fiber concrete is significantly affected by the amount of Portland cement and the
amount of polypropylene fiber. Due to the use of fiber fcy increases by 0.6..0.9 MPa. Thus, disperse
reinforcement is an effective method of increasing the stability of cement concrete pavements under
tensile loads. The tensile strength in bending of fiber concretes increases by 0.6..0.7 MPa due to the
use of a rational amount of modifiers. Overall, modified fiber concrete, depending on the amount of
cement in their composition has a level of fei from 8 to 9.5 MPa. Such strength provides high
bearing capacity of concretes in rigid pavements of highways.

Concretes of pavements in the course of operation are exposed to repeated influences of
freezing and thawing [12]. The number of cycles of freezing and thawing of coatings can be much
greater than the number of air temperature transitions through 0° C. Accordingly, an important
condition for ensuring the durability of rigid pavements is their frost resistance. According to the
EC model, which is similar to (1) and (2) and which describes the influence of variable composition
factors on the frost resistance of concrete and fiber concrete, a diagram of the type «squares on a
square» was built (Fig. 3).

The analysis of the diagram shows that the level of frost resistance of the studied concretes
and fiber concretes is significantly affected by the amount of Portland cement and the amount of
polypropylene fiber. Concretes with a Portland cement amount of 500 kg/m? have a frost resistance
approximately 100 cycles higher than concretes with a binder amount of 400 kg/m?®.

Frost resistance of concretes of rigid pavements increases by 50 cycles and more at use of
fiber in the amount of 1.5-2 kg/m°. Due to the use of a rational amount of modifiers (0.8-1% of the
additive Coral ExpertSuid-5 and 15-20 kg/m® of metakaolin) frost resistance of concrete and fiber
concrete increases by 50-100 cycles depending on the level of other compositional factors. In
general, the developed modified fiber concretes of rigid pavements depending on the amount of
Portland cement in the composition have frost resistance from F350 to F450, which ensures their
sufficient durability.
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Fig. 3. Influence of varied compositional factors on frost resistance of concretes and fiber concretes

Conclusions and prospects for further researches. Due to the dispersed reinforcement with
polypropylene fiber, the use of a rational amount of metakaolin and superplasticizer
polycarboxylate type Coral ExpertSuid-5 were obtained fiber concrete rigid pavements with
compressive strength up to 70MPa, tensile strength in bending up to 9.5 MPa and frost resistance
F450. High strength and frost resistance of modified fiber concretes allow their use in pavements
with the highest load and ensure the durability of the material. Further research provides for the
analysis of wear resistance of the developed modified fiber concretes as well as their industrial
testing.

References

[1] O.P. Afinogenov, Proektirovanie zhestkih dorozhnyih odezhd. Kemerovo: Kuzbassvuzizdat,
2004.

[2] S.P. Voznyy, "Perspektyvy rozvytku tsementobetonnykh dorih v Ukrayini”, Suchasni
tekhnolohiyi ta metody rozrakhunkiv u budivnytstvi, no. 6, pp. 47-55, 2017.

[3] Y.M. Sobko, H.Y. Shevchuk, N.I. Topilko, Y.L. Novyts'kyy, "Dorozhni tsementobetony na
osnove modyfikovanykh dobavok novoy heneratsiyi”, Visnyk natsional’'noho universytetu
"Lvivs'ka politekhnika". Seriya: Teoriya i praktyka budivnytstva, L'viv: Vydavnytstvo
L'vivs'koyi Politekhniky, no. 888, pp. 133-137, 2018.

[4] Y. Chen, GP. Cen, YH. Cui, "Comparative study on the effect of synthetic fiber on the
preparation and durability of airport pavement concrete”, Construction and Building
Materials, vol. 184, pp. 34-44, 2018, https://doi: 10.1016/j.conbuildmat.2018.06.223.

[5] S. Gupta, V.V.L.K. Rao, J. Sengupta, "Evaluation of polyester fiber reinforced concrete
for use in cement concrete pavement works", Road materials and pavement design, vol. 9,
Issue 3, pp. 441-461, 2008, https://doi: 10.3166/RMPD.9.441-461.

[6] A. Busari, J. Akinmusuru, B. Dahunsi, "Mechanical properties of dehydroxylated
kaolinitic clay in self-compacting concrete for pavement construction™, Silicon, vol. 11,
Issue 5, pp. 2429-2437, 2019, https://doi: 10.1007/s12633-017-9654-6.

Bulletin of Odessa State Academy of Civil Engineering and Architecture, 2020, no. 80, page 68-74



BUILDING MATERIALS AND TECHNIQUES

[7] J. Salimi, A.M. Ramezanianpour, M.J. Moradi, "Studying the effect of low reactivity
metakaolin on free and restrained shrinkage of high performance concrete”, Journal of
Building Engineering, vol. 28:101053, 2020, https://doi: 10.1016/j.jobe.2019.101053.

[8] F.N. Rabinovich, Kompozity na osnove dispersno-armirovannykh betonov. Voprosy teorii
I proyektirovaniya, tekhnologiya, konstruktsii. M.: ASV, 2004.

[9] H.R. Shen, Y.X. She, PW. Gao, "The influence of polypropylene fiber on the
performance of concrete pavement”, Applied Mechanics and Materials, vol. 178-181, pp.
1099-1103, 2012, https://doi: 10.4028/www.scientific.net/amm.178-181.1099.

[10] V.A. Voznesenskiy, T.V. Lyashenko, B.L. Ogarkov, Chislennyye metody resheniya
stroitel'no-tekhnologicheskikh zadach na EVM. K.: Vishcha shkola, 1989.

[11] A.V. Mishutina, L. Kintia, "Prochnost’ fibrobetonov zhestkikh dorozhnykh pokrytiy v
raznom vozraste”, Vestnik Odesskoy gosudarstvennoy akademii stroitel'stva i arkhitektury,
no. 77, pp. 135-141, 2019, https://doi:10.31650/2415-377X-2019-77-135-141.

[12] A.V. Mishutin, M.V. Zavoloka, L. Kintia, "Management of cement-concrete road
pavement structure”, Journal of Engineering Science, vol. XXVI, no. 1, pp. 91-95, 2019,
https://doi:10.5281/zenodo.2649980.

BILIUB MOJU®PIKOBAHUX JOBABOK HA MIITHICTh I MOPO3OCTIMKICTD
®IBPOBETOHIB )KOPCTKHUX JOPOKHIX IOKPUTTIB

"Mimyrin A.B., 1.1.H., npodecop,

mishutin52@ukr.net, ORCID 0000-0001-9512-6084

'Kinrs JI., acmipaHT,

chintea.lucia@gmail.com, ORCID: 0000-0001-7519-4987
Y00ecora depoicasHa akademist OyOiBHUYMBEa ma apximexmypu
By Jlinpixcona, 4, m. Opneca, 65029, Ykpaina

AHoTanis. JlocmipkeHHsT TpPUCBAYEHI po3podui ckiaaiB MoaudikoBaHux ¢(idpoOeToHiB
KOPCTKUX JIOPOXKHIX TMOKPUTTIB 3 BHCOKOIO MIIHICTIO 1 MOpPO3OCTIMKICTIO 3a paxXyHOK
BUKOPHCTaHHS METAKAOJIHY 1 CynepriacTu(dikaropy nojaikapOOKCHIATHOTO THUITY.

3a 4-x (pakTOpHUM ONTHUMAIBHUM IUIAHOM JOCIHIKEHI MII[HICTh Ha CTUCK, MILHICTh Ha PO3TAT
IpU 3THHI 1 MOPO3OCTIMKICTH O€TOHIB 1 (IOPOOETOHIB JKOPCTKUX JOPOXKHIX MOKPUTTIB. Y
eKCIIEpUMEHTI ~ BapiloBallach  KIJIBKICTH  TAKMX  CKJIAJOBUX  O€TOHY: IOPTIAH/IEMEHTY,
MOJIIITPOIIEHOBOI (h10pH, MeTaKaoiHy, 1o0aBku nonikapookcunaraoro tumy Coral ExpertSuid-5.

Bcei cymimi manu piBHy pyxomicts P2 1 ix B/L] 3anexano Bin ckiany OetoHy. BBemenHs
MOJTIIPONiJIEHOBOT (10pH 1 METaKaoMIHy BUKIMKAE HEOOX1HICTh miaBuieHHs B/1] ayis 30epekenHs
pyxomocrti cymimi. ITigBuimenns y cknaai 6etony kibkocTi go6aBku Coral ExpertSuid-5 no 0,9-1%
N03BOJIsI€ BIAUYTHO 3HKM3UTH B/ cymimi.

MertakaoniH, sIK aKTUBHA MiHepajbHa J100aBKa, CIIpUs€ MiJBUIIEHHIO MIIIHOCTI OETOHY Ha CTUCK
1 Ha PO3TST TpU 3rUHI. ParlioHaTB-HO0 3 MO3UIIIN MABHUILEHHS MIITHOCTI € KUTBKICTh METAKAOJIiHYy Ha
piBHi 20..22 Kr/MC. [Tpu migsuienHi kimbkocTi qo6aBku Coral ExpertSuid-5 mo 0,9..1% 3a paxyHok
3HmkeHHs1 B/ mimHicTe OeToHIB Ha cTuCK 3pocTtae Ha 5.7 MIla, MIIHICT Ha PO3TAT MpPU 3TUHI
3pocrtae npubnuzHo Ha 0,5 MlIla. 3a paxyHOK BBeIEHHS MOMIIPOMNiIeHoBOi (piOpu MilHICT OETOHY Ha
po3tar npu 3ruHi 3poctae Ha 0,6..0,9 Mlla, npu npoMy aucnepcHe apMyBaHHsS HE BIUIMBAaE Ha
MIIHICTh O€TOHY Ha CTHCK. Po3pobneni (iOpoOGeToHH HpH BUKOPHUCTAHHI paliOHAIBHOI KIJIBKOCTI
MO (IKATOPIB B 3aJI€KHOCTI BiJl KUTBKOCTI MOPTIAHAIIEMEHTY Y CKJIaJi MalOTh MIITHICTh Ha CTUCK BiJl
55 Mlla go 70 Mlla i mimHicTs Ha po3Tar mpu 3ruHi Bifg 8§ Mlla no 9,5 MlIla. Bucoka MilHICTh
(16po0ETOHIB J103BOJISIE BAKOPUCTOBYBATH iX B IOKPUTTSAX AOPIT 3 HAHOLIBIINM HaBaHTAKECHHSIM.

[Tpu BBenenHi ¢idpu y kinbkocTi 1,5-2 Kr/M° MOPO30CTIHKICTh O€TOHIB 3pocTae Ha 50 HUKIIIB
1 Outble. 3a paXyHOK BUKOPHUCTaHHS palioHalbHOI KuibkocTi MoaudikatopiB (0,8-1% mobasku
Coral ExpertSuid-5 i 15-20 kr/m® METaKaoJliHy) MOPO30CTiHKiCTh O6eToHIB 1 (hiOpoOETOHIB 3pocTae
Ha 50-100 mukmiB. Po3poOneni moaudikoBaHi (iOpoOETOHH KOPCTKHUX JIOPOKHIX MOKPUTTIB B
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3aJIeKHOCTI BiJl KUIBKOCTI MOPTIAHIEMEHTY Y CKJIaal MatoTh Mopo3ocTiiikicTs Big F350 no F450,
110 3a0€e3Meuye iX JOCTAaTHIO JIOBTOBIYHICTb.

KirouoBi cjioBa: MilHICTh, MOPO30CTIHKICTh, JOPOXHE TOKPUTTS, HeMeHToOeToH, ¢ibpa,
MeTaKaoJIiH, cynepruiacTudikarop.
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AnHOTamms. lVccrmemoBaHus IMOCBSIICHBI  pa3pabOTKe COCTaBOB  MOAM(DUIIMPOBAHHBIX
(1OPOOETOHOB KECTKUX JTOPOKHBIX MOKPBHITUI € BBICOKOW MPOYHOCTHIO U MOPO30CTOMKOCTBIO 3a CUET
HCIIOJIb30BAHUs METAKAOJIMHA U CYTIEPIUIACTU(HKATOPA MTOIUKAPOOKCHIATHOTO THIIA.

CornacHo 4-x (hakTOpHOMY ONTHUMAJIBHOMY IUIaHY HCCIIEIOBAINCh MPOYHOCTh Ha CXKaTHE,
MIPOYHOCTh HA PACTSHKCHUE TMPH M3THOE W MOPO30CTOMKOCTh OETOHOB M (PHOPOOETOHOB IKECTKUX
JIOPOXHBIX HMOKPBITUI. B skcneprMeHTe BappbUpOBAIOCh KOJIMYECTBO TAKUX COCTABIIOLIMX OETOHA:
MOPTJIAH/IIIEMEHTA, TOJIMIPONIICHOBON (OB, METaKaOJMHA, JOOABKU TOIMKAPOOKCHUIIATHOTO THIIA
Coral ExpertSuid-5.

Bce cmecn nvenn paBHyto monsrkHOCTh P2 1 ux B/L] 3aBuceno ot cocraBa Gerona. Beenenue
HOJUIPONMICHOBOM (UOPbl M METaKaojMHA BbI3bIBAET HEOOXOAMMOCTb MoBbImIeHH B/ s
COXpaHEHUs TOJBIKHOCTH cmecH. [loBeimeHne B cocraBe OeroHa kommuectBa gobaBku Coral
ExpertSuid-5 10 0,9-1% mo3Bosisiet omrytiMo cHu3uTh B/1] cmecH.

MerakaonuH, Kak aKTUBHAs MUHEpaibHas J00aBK, CIIOCOOCTBYET MOBBIIICHHIO MPOYHOCTH
OeToHa Ha CXKaTHe M Ha pacTshkeHHe Npu u3rube. PanmoHaIbHOW € TOUKM 3pEHUS MOBBILICHUS
IIPOYHOCTH SBJISIETCS] KOJIMUECTBO METaKaolrnHa Ha yposHe 20..22 Kr/M. IIpy NOBBILIEHNH KOJIMYECTBA
no6asku Coral ExpertSuid-5 no 0,9..1% 3a cuer cHmxenus B/L] mpouHocTh OETOHOB Ha cxkaTHe
Bo3pacraet Ha 5..7 Mlla, mpoyHOCTh Ha pacTspKeHHe Tpu u3rude Bozpacraet npumepHo Ha 0,5 MIla. 3a
CUeT BBEJICHUS MOJIUITPONUIEHOBON (UOPBI MPOYHOCTH OETOHA HAa pacTsDKEHUE MU U3rubde Bo3pacTaer
Ha 0,6..0,9 MIla, npu 5TOM IUCHEpCHOE apMHUPOBAHME HE BIHMSET HAa MPOYHOCTH OETOHA Ha CXKaTuhe.
Pa3paborannblie (puOpPOOETOHBI NPH HCTIOIB30BAaHUHM PALMOHAILHOTO KOJMYECTBA MOIU(PHUKATOPOB B
3aBHCUMOCTH OT KOJIMYECTBA MOPTIIAHALIEMEHTA B COCTaBE MMEIOT IPOYHOCTh Ha cxarue ot 55 Mlla no
70MIla u mpodHOCTh Ha pacTsbkeHue npu u3rude or § MIla o 9,5 MIla. Beicokas mpouHOCTh
(uOpoOETOHOB MO3BOJISIET UCTIONB30BATH UX B MOKPBITUAX JOPOI C HAMOOJIbIIEH HATPY3KOH.

Ilpu BBexcHNH HOPEI B KonMuecTBe 1,5-2 KI/M® MOPO30CTOHKOCTE GETOHOB BO3pacTaeT Ha 50
LUKJIOB M Oosyiee. 3a CYET HCMOJIB30BaHUS pPALMOHAIBLHOrO KonuuectBa Momudukaropos (0,8-1%
no6asku Coral ExpertSuid-5 u 15-20 KI/M° MeTaKaoIiHa) MOPO30CTOMKOCTh OETOHOB M (hUOPOOETOHOB
Bo3pacraer Ha 50-100 nwmkioB. PaszpabGoranHble MoaudupoBaHHbIE (PUOPOOETOHBI KECTKUX
JIOPOXKHBIX TIOKPHITUH B 3aBUCHUMOCTH OT KOJIMYECTBA MOPTJIAH/ALIEMEHTa B COCTaBE MMEIOT
Mopo3ocTorkocTh 0T F350 no F450, uto obecnieunBaeT ux JOCTATOUYHYIO JIOJITOBEYHOCTb.

KnioueBble ci10Ba: MPOYHOCTb, MOPO3OCTOMKOCTB, JOPOXKHOE MOKPHITHE, IIEMEHTOOETOH,
(hubpa, METaKaOIMH, CYePIUTACTH(PHUKATOD.

Crarts Hagidnura qo penakiii 20.05.2020
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