92

BUILDING MATERIALS AND TECHNIQUES

UDC 691.32 DOI: 10.31650/2415-377X-2020-79-92-98

STRENGTH OF RIGID PAVEMENT CONCRETES MODIFIED WITH
POLYCARBOXYLATE ADMIXTURE ON DIFFERENT TYPES OF CEMENT

'Kryzhanovskiy V.O., Engineer,

vitolloscience@gmail.com, ORCID: 0000-0003-1332-1922
'Kroviakov S.0., Doctor of Engineering, Assistant Professor,
skrovyakov@ukr.net, ORCID: 0000-0002-0800-0123
'0dessa State Academy of Civil Engineering and Architecture
4, Didrichson street, Odessa, 65029, Ukraine

Abstract. Strength of the concrete modified with MasterGlenium SKY 608 polycarboxylate
admixture of rigid pavement on different types of cement was investigated. For concrete mixtures
preparation, two types of cement were used: ITLI II/A-III-500 (CEM II/A-S 42.5) and pozzolanic
cement ITLL] IV/A-500 P (CEM IV/A(P) 42.5 R-SR). Amount of modifier ranged from 0.8 to 1.4%
by mass of cement. Slump of all concrete mixtures was 6-7 cm. The aim of the research was to
select a rational amount of the polycarboxylate admixture, taking into account early and grade
compressive strength of concretes for rigid pavement repair.

It was found that the MasterGlenium SKY 608 admixture significantly reduces W/C of
mixtures in comparison with unmodified three-component concretes while maintaining the
flowability of the mixture. The biggest reduction in the W/C of concrete mixtures is achieved with
the addition of the polycarboxylate type admixture in an amount of 1.2% by weight of cement. In
this case, the W/C of concrete mixtures based on pozzolanic Portland cement ITIII] IV/A-500 P
(CEM IV/A(P) 42,5 R-SR) was significantly higher than the W/C of mixtures with similar
flowability based on Portland cement III[ II/A-III-500 (CEM II/A-S 42.5). Accordingly, for
mixtures based on TTII] IV/A-500 P (CEM IV/A(P) 42.5 R-SR) W/C varied from 0.542 to 0.371,
for mixtures based on ITL] II/A-I1I-500 (CEM II/A-S 42.5), from 0.502 to 0.292.

The early strength at the age of 3 days, and grade strength of unmodified concrete based on
I II/A-I11-500 (CEM I1I/A-S 42.5) (29.3 MPa and 51.3 MPa, respectively) was higher than early
and grade strength of similar concrete based on pozzolanic cement IIII[ IV/A-500 P (CEM
IV/IA(P) 42,5 R-SR) (19.9 MPa and 36.3 MPa). This is due to the increased water demand of
pozzolanic cement and, accordingly, concrete mixtures based on it. For modified concrete mixtures
with MasterGlenium SKY 608 admixture, there is also a tendency towards greater concrete strength
based on ITI] II/A-I11-500 (CEM II/A-S 42.5).

Polycarboxylate type admixture in an amount of 0.8% by weight of cement increased the
compressive strength of concrete on both types of cement by almost 2 grades. With the addition of
1% modifier, strength increased by one more grade, and at 1,2% — by 3 grades for concrete based
on Portland cement ITIII] TV/A-500 P (CEM IV/A(P) 42.5 R-SR) and by 2 grades for concrete
based on Portland cement ITI] II/A-III-500 (CEM II/A-S 42.5). An increase in the amount of
admixture to 1.4% does not increase strength, because at the same time, W/C of mixtures increased.
Thus, rational for concrete on both types of cement is the amount of admixture 1.2% of the binder
mass, that the maximum compressive strength is achieved by minimizing of W/C.

Based on Portland cement ITL[ II/A-111-500 (CEM II/A-S 42.5) high-strength concrete for rigid
pavement repair was obtained with a compressive strength 85.6 MPa, which corresponds to a grade no
less than C 50/60. Based on Portland cement TTIL IV/A-500 P (CEM IV/A(P) 42.5 R-SR) concrete
was obtained with a compressive strength 64.1 MPa, which corresponds to a grade no less than C 40/50.

Keywords: rigid pavements, repair, early-strength concrete, pozzolanic cement,
polycarboxylate type admixture.

Introduction. Continuous growth of transport and air transportation requires an improvement
of pavement quality. The worldwide trend of the construction and transportation industry has shown
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that the construction of highways and airfields with a rigid pavement is increasing. The lifetime of
many existing traffic interchange and airfield pavements is nearing its end or has long been
exhausted [1-3]. Therefore, there is a need of road repair with fast opening of traffic. As a strategy,
full-depth repair using high-early strength concrete mixtures is more frequently used [4-6]. Full-
depth repair supposes replacing of the pavement layer from 1/3 to its full thickness.

Our investigation focuses on the design of modified concrete mixtures with the optimal type
of Portland cement and the required amount of superplasticizer BASF MasterGlenium SKY 608
based on polycarboxylate ether.

Analysis of recent researches and problem statement. Flexible pavements prevail in our
country [7]. It should be noted that in recent years Highway Department of Ukraine has changed its
development strategy and switched to the implementation of some road network sections using
concrete pavement technology [8]. The service life of rigid pavement is 3-6 times longer than
flexible asphalt concrete pavement, moreover for asphalt concrete in Ukraine mainly imported
bitumen is used. In addition, crude oil reserves for bitumen production are limited in difference to
the reserves of raw materials for cement production [2].

According to the 21st World Road Congress [2] and data [1, 3, 7], the length of highways with
rigid pavement is as follows: USA — 60%, Austria — 46%, Belgium — 41%, Germany — 31%, France —
20%, Netherlands — 15%, Portugal — 10%, Spain, Italy, Canada, Switzerland, Great Britain <5 %,
Ukraine — 1,92%. Most of them were built over 40 years ago and need major repairs or reconstruction.

The main requirements for repair concrete mixtures are their early compressive and tensile
strength in bending (1-3 day). Different strength values can be used to open traffic [1, 3, 4, 6], that are
specified by national and other specifications. The technology of high-early strength concrete repair
mixtures has been widely used [4-6]. According to [9], strength of repair concrete at 28 days age must
be no less than design strength of existing concrete pavement, for example, for a road of the 1st
category — this is concrete grade class C30/35. However, due to the lack of special regulatory
documents for repair concrete mixtures in Ukraine and based on the experience of other countries, the
strength characteristics of repair concrete must be adjusted taking into account the necessary conditions
for opening a section of the road for traffic and the region where repairs are being carried out.

It is known that the main prerequisites for obtaining early strength concrete are [10-12]:
reduction W/C due to the use of additives-superplasticizers affecting on the hydration processes and
structure formation; use of rapid-hardening binders and high-quality aggregates. Today,
polycarboxylate type superplasticizers are the most effective, that can significantly increase strength
and improve other properties of concrete without increasing the amount of cement, also maintains
workability of the concrete mixture during 1.5-2 hours [13].

In Ukraine, rigid pavement repair technology is not sufficiently developed and there is practically
no standards base. Research in this direction will create technical requirements with recommendations
for full-depth repair of rigid pavements using high-early strength concrete, this is a crucial task.

Research objective. Selection of a rational amount of the polycarboxylate additive for the
repair concrete mixture using different types of cement, with allowance for the early and grade
compressive strength of the obtained concrete for a rigid road pavements repair.

Materials and research methods. Two types of cement were used in the study: ITLI II/A-II-
500 (CEM II/A-S 42.5), manufactured by PJSC «Dyckerhoff Cement Ukraine» and pozzolanic cement
ITIIL] TV/A-500 P (CEM IV/A(P) 42.5 R-SR) manufactured by PJSC «lvano-Frankivsk Cementy.
Granite crushed stone of the Gorikhovsky quarry (fraction 5-20 mm) and quartz sand of the Nikitovsky
quarry (Voznesensky district) were used as aggregates. Sieve analysis of aggregates is presented in
Table 1. Polycarboxylate type modifier MasterGlenium SKY 608 was used in an amount of 0.8-1.4%
by weight of cement. Unmodified concrete compositions were also investigated. The concrete mix
preparation process and sample testing were carried out in accordance with current requirements.

It should be noted the technological feature of the MasterGlenium SKY 608 modifier. For the
effective action of the modifier, aggregates and cement were mixed to a homogeneous condition
using 90% mixing water. The modifier was added in the required quantity with the remaining
amount of mixing water.
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Table 1 — Sieve analysis of fine and coarse aggregates

% Passing by weight
Sieve size, mm

Granite breakstone Sand
20 100 100
10 95.8 100
5 5.0 100
2.5 0,8 98.0
1.25 0 84.5
0.63 0 29.5
0.315 0 35.3
0.16 0 10.5
<0.16 0 1.5

Research results. Slump of concrete mixtures was (6...7 cm), that corresponds to the most
common flowability of concrete mixtures for the rigid pavements repair. 10 batches of concrete
samples were manufactured. The concrete mixtures and W/C are shown in Table 2.

Table 2 — Concrete mixtures and W/C

Admixture
Ne Cement type CEJ&T’ Bre;glﬁrt]%ne, Eg/nrgg MasterGlenium V\I//?;%I', wW/C
SKY 608, %
1 705 - 216.8 | 0.542
2 | I IV/A-500 735 0.8 188.4 | 0.471
3 (CEM lI)V/A(P) 400 1140 740 1.0 181,6 | 0.454
4 42.5R-SR) 755 1.2 148.4 | 0.371
5 750 14 160.8 | 0.402
6 720 - 200.8 | 0.502
7 ML I/A-111-500 765 0.8 148.4 | 0.371
8 (CEM 1I/A-S 400 1140 785 1.0 125.2 | 0.313
9 42.5) 800 1.2 116.8 | 0.292
10 795 14 119.2 | 0.298

The admixture significantly reduced W/C of the mixtures in comparison with the unmodified
three-component concrete mixtures Ne 1 and 6 and retained their flowability. Effect of the amount of
MasterGlenium SKY 608 admixture and the type of cement on W/C mixtures are shown in Fig. 1.

As shown in Fig. 1, the greatest W/C reduction of concrete mixtures is achieved by adding a
polycarboxylate type admixture MasterGlenium SKY 608 in an amount of 1.2% by weight of
cement. In this case, the W/C of concrete mixtures based on pozzolanic Portland cement TTIIL]
IV/A-500 P (CEM IV/A(P) 42.5 R-SR) was significantly higher than the W/C of similar flowability
mixtures based on Portland cement ITL] II/A-I11-500 (CEM II/A-S 42.5).

The average density of the investigated concretes ranged from 2430 to 2510 kg/m®. Strength
characteristics of the obtained concretes are shown in Fig 2. Compression strength tests were
carried out for each batch at the age 3 and 28 days.

The analysis shown in Fig. 2 graphs allow to note that early and grade strength (fok cube.3s =
29.3 MPa, fok cube.2gs = 51.3 MPa) of unmodified concrete based on ITIT II/A-I11-500 (CEM II/A-S 42.5)

are higher than the early and grade strength (fok cubes = 19.9 MPa, fok cubezs = 36.3 MPa) of similar
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concrete based on pozzolanic cement ITLLI IV/A-500 P (CEM IV/A(P) 42.5 R-SR). This effect is
caused by the increased water demand of pozzolanic cement and, accordingly, concrete mixtures based
on it. For modified concrete mixtures with MasterGlenium SKY 608 admixture (Ne 2-5 and Ne7-10)
there is also a tendency towards greater strength of concrete based on the cement ITLI II/A-I11-500
(CEM 1I/A-S 42.5).

W/C
0.55 542
0.50@2:302

0471 TILIT IV/A-500 P (CEM IV/A(P) 42.5 R-SR)
045
0.402
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\.@ W
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Fig. 1. Effect of the amount of MasterGlenium SKY 608 admixture on W/C of equal flowability
mixtures
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Fig. 2. Strength of the investigated concretes at the age 3, 28 days

The use of MasterGlenium SKY 608 admixture in an amount of 0.8% by weight of cement
increased the compressive strength of concretes on both types of cement by almost 2 grades. With
the addition of 1% modifier, the strength increased by another 1 grade, and with 1.2% — by 3 grades
for concrete based on Portland cement TIIII] IV/A-500 P (CEM IV/A(P) 42.5 R-SR) and by 2
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grades with Portland cement IIL[ II/A-III-500 (CEM II/A-S 42.5). Increasing the amount of
admixture to 1.4% is not rational, because at the same time, W/C of the mixtures increases and,
accordingly, strength of the investigated concrete of rigid pavements decreases.

Thus, for concrete on both types of cement the rational amount of admixture is 1.2% of the
binder mass, that allows to achieve the maximum compressive strength by minimizing the W/C.

High-strength concrete was obtained based on Portland cement ITL] 1I/A-111-500 (CEM II/A-S
42.5) with compressive strength 85.6 MPa, that corresponds to grade no less than C 50/60. Concrete
based on Portland cement TIIIL] IV/A-500 P (CEM IV/A(P) 42.5 R-SR) had compressive strength
64.1 MPa, that corresponds to grade no less than C 40/50.

It is important to note that early strength, i.e. strength at age 3 days, of modified concrete on
pozzolanic cement TTIL] IV/A-500 P (CEM IV/A(P) 42.5 R-SR) was 45...53% of concrete grade, and
concrete based on Portland cement ITIT II/A-I11-500 (CEM II/A-S 42,5) — 68...75%, depending on the
amount of admixture. That is, due to the use of modified concrete, the strength required for most
concrete of rigid pavements is reached at the age of 3 days, which is important for repair materials.

Conclusions and prospects for further researches. Using a rational amount of BASF
MasterGlenium SKY 608 admixture based on polycarboxylate ethers allows to obtain high-strength
and early- strength concretes. The use of such concretes in the rigid highway and airfield pavements
repair contributes to the early start traffic. For concretes based on pozzolanic cement TTLLI TV/A-
500 P (CEM IV/A(P) 42.5 R-SR) and Portland cement TIL] II/A-111-500 (CEM II/A-S 42.5) the
rational amount of MasterGlenium SKY 608 admixture is 1.2% by weight of the binder.

Further research will be aimed at determining the tensile strength in bending of such concrete
and fiber concrete. Also, the indicators of wear resistance and frost resistance of these concretes
will be determined, as the main ones in assessing the durability of rigid road pavements. It is
planned to pay attention to the structure formation of the tested samples.
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MIIOHICTb MOAUPIKOBAHUX ITOJIKAPBOKCHUJIATHOIO JOBABKOIO BETOHIB
KOPCTKHUX JOPOXKHIX IOKPUTTIB HA PI3BHUX TUIIAX HEMEHTY
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AHoTamis. JlocmiKeHO MIIHICT  MOAM(IKOBAHUX  TONMIKAPOOKCHIATHOK  J00OABKOIO
MasterGlenium SKY 608 6eToHIB KOpCTKUX TOPOXKHIX MOKPUTTIB Ha PI3HUX TUMAX LeMeHTy. s
MPUTOTYBaHHsI OETOHIB BUKOPHCTOBYBasIHCS Ba TuIiB riemenTty: [111 II/A-I11-500 (CEM II/A-S 42,5) i
nynonanoBuii mopraanguement [ILI[ IV/A-500 P (CEM IV/A(P) 42,5 R-SR). Kimbkicts
mouikaTopa BapiroBanocs Bin 0,8 1o 1,4% Big macu nemeHTy. PyxoMicTh BCix OETOHHHX Cymimien
ckiagana P2. Metoro gocnimkens OyB mig0ip pamioHaabHOT KUTBKOCTI OJMIKapOOKCUIIaTHOI 100aBKHU 3
ypaxyBaHHSM PaHHBOI 1 MAPOYHOI MIITHOCTI TIPY CTHUCKY OTPUMAHUX OCTOHIB JJIsI PEMOHTY JKOPCTKHX
TOPOKHIX IMTOKPHUTTIB.

BceranoBneno, mo nob6aBka MasterGlenium SKY 608 ictotHo 3Hmxkye B/L| cywmimeii B
MOPIBHSIHHI 3 HE MOJIM(IKOBAHUMHU TPbOX-KOMIIOHEHTHUMH O€TOHAMU MpHU 30€pekeHHI PyXOMOCTI
cymimi. HaiiGinpme 3umwkeHHs B/l OeTOHHMX CyMimieil nocATaeThCsl MPH BBEIEHHI JT0OABKU
noJlikapOOKCUIaTHOrO TUNy B KimbKocTi 1,2% Bim macu uementy. Ilpu mpomy B/L] Geronnmx
cyMmiliell Ha ocHOBI nynosiaHoBoro nopriaanauementy [IIL[ IV/A-500 P Gyno 3Ha4yHO BuILE, HIX
B/I1 cymimieit aHanoriqaoi pyxoMocti Ha ocHoBi moptiaananementy 111 1I/A-I-500. BiamosigHo
it cymimeit Ha ocHosi TTHIL TV/A-500 P B/I1 3mintoBanocs Bix 0,542 no 0,371, nns cymimieit Ha
ocnosi I11] II/A-III1-500 — Big 0,502 mo 0,292.

Panns, To6TO y Bimi 3-x 110, 1 Mapo4Ha MIIHICTh HE MOAM(IKOBAaHOr0 OETOHY Ha OCHOBI
ITLT II/A-II-500 (29,3 MIla 1 51,3 MIla BianoBinHO) Oysa BUILIOK PaHHBOI 1 MAPOUYHOI MIITHOCTI
aHaJIOriyHOro OETOHY Ha OCHOBI mynonaHoBoro nementy [ILI[ IV/A-500 P (19,9 MlIla i
36,3 MIla). Ile BUKIMKAHO MiABUIICHOIO BOAOMOTPEOOI0 MYIIOJIAHOBOTO ILIEMEHTY 1 BiJAMOBIIHO
O0eToHHUX cyMmimiel Ha Horo ocHoBi. s MonudikoBanux nobaBkoro MasterGlenium SKY 608
CKJIa/IiB TAKOX MPOCTEKYEThCS TEHACHIIISI OTbI01 MilfHOCTI 6eToHiB Ha ocHoBi [11] TI/A-I1-500.

BBenenns no0GaBku mosikapOokcuiatHoro tumy B KitbkocTi 0,8% Big Macu LeMEHTY
MIJBUIIMIO MILHICTh MpPH CTUCKY OETOHIB Ha 000X THUIMax LIEMEHTy Maibke Ha 2 kiacy. Ilpu
BBeeHH] 1% MoaudikaTopy MIIHICTh MmigBHINMIACA 1ie Ha 1 kiac, a ipu 1,2% — Ha 3 kiacu jyist
O6eroHiB Ha ocHOBI mnoptinanauementy IILIL IV/A-500 P i na 2 xmacu Juig O€TOHIB 3
noptinanaiuementom [1I[ II/A-III-500. IligBumenHs kiibkocTi go0GaBku 10 1,4% Bxe He
NPU3BOAUTH JIO 3pOCTaHHS MiIIHOCTI uepe3 30umbmieHHd B/l cymimeil. Takum yuHOM,
parfioHanpHUM i1 OETOHIB Ha 000X BHAAX IIEMEHTY € KUIbKicTh AoOaBku 1,2% Bix macu
B'SKYYOTr0, IPH IKOMY JIOCSATHYTa MaKCUMaJlbHa MILIHICTh ITPH CTHCKY 3a paXyHOK MiHimizamii B/L1.

Ha ocnosi noptnanauementy 111 1I/A-I11-500 oTprMaHO BUCOKOMIIIHUIN OETOH ISl PEMOHTY
KOPCTKUX JTOPOKHIX MOKPUTTIB 3 MitHIcTIO 85,6 MIla, mo Bianosinae kinacy He menue C 50/60.
Ha ocnogi nementy I [V/A-500 P 6yB orpumanwuii 6eton minHictio 64,1 MIla, mo Bianosinae
kiacy He meHie C 40/50.

KurouoBi ciioBa: KOpPCTKI JOPOXHI MOKPUTTS,, PEMOHT, paHHS MILHICTh, MYyLOJAHOBUHN
[IEMEHT, 100aBKa MOTIKapOOKCHUIATHOTO THITY.
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AnHoTanus. VccrienoBana mpodHOCTh MOAUGDUITMPOBAHHBIX MOJMKAPOOKCUIIATHON T00aBKOU
MasterGlenium SKY 608 GeTOHOB >KECTKHUX JOPOKHBIX MOKPHITUH HA Pa3HBIX THUIAX IeMeHTa. J[is
[PUTOTOBJICHUST OCTOHOB MCIIOJIB30BATKCH JBa TUIOB 1ieMenTa: [11] II/A-111-500 (CEM II/A-S 42,5) u
nymmnonanoBeiid  nopriaananement [T IV/A-500 P (CEM IV/A(P) 42,5 R-SR). KommyectBo
Moudukaropa BaperpoBaiock ot 0,8 mo 1,4% ot maccel niemenTa. [1oaBKHOCTE BeeX OETOHHBIX
cMmeceir cocraBmsuia P2, llembto wuccienoBanuid ObUT  TIOA0OP PAIMOHAIBHOTO — KOJMYECTBA
MOJIMKAPOOKCHIIATHON JOOABKH C YY€TOM pPaHHEH M MapOYHOH MPOYHOCTH HA CKATHE IMOJYYICHHBIX
OETOHOB ISl PEMOHTA KECTKUX JOPOKHBIX MOKPBITHIA.

Ycranosneno, uto nobaBka MasterGlenium SKY 608 cymectBenHo cHmkaer B/Ll cmeceil B
CpPaBHEHHMH C HE MOAU(PUIUPOBAHHBIMH TPEXKOMIOHEHTHBIMH OETOHaMH IPU COXPaHEHHH
nojBIKHOCTH cMecru. Hambonbmee cHikeHuss B/Ll OSTOHHBIX cMeceil JTOoCTUraeTcsi mpy BBEICHUH
n00aBKHU TONMKAapOOKCHMIIAaTHOrO Tuma B komudectBe 1,2% ot maccel 1iementa. [Ipu stom B/I]
OETOHHBIX CMecei Ha OCHOBE MmyIonanoBoro nopiananementa [T IV/A-500 P 6pu10 3HaUMTENEHO
BhIe, yeM B/ cMmeceli aHaIOrM4IHOM MOABMXKHOCTH Ha ocHoBe moptianaiementa 111 II/A-I-500.
CootBerctBenHo Juist cmeceit Ha ocHoBe TTL[L] IV/A-500 P B/L] usmensuiocsk ot 0,542 mo 0,371, mist
cmeceit Ha ocHoBe T1L1 II/A-II-500 — ot 0,502 1o 0,292.

Pannss, To ecth B Bo3pacTte 3-X CYTOK, U MapO4Hask IPOYHOCTh HE MOTU(PHIIMPOBAHHOTO OETOHA
Ha ocHose [111 II/A-II-500 (29,3 MIla u 51,3 MIla cooTBeTcTBEHHO) ObLiIa BBIIIIE pAHHEH U MapPOYHON
MIPOYHOCTH aHAJIOTHYHOTO OeTOHa Ha OcHOBE mytoiaHoBoro remenTa [TLL[ IV/A-500 P (19,9 MIla u
36,3 MIla). DOTo BBI3BAaHO TOBBIIICHHOW BOJOMOTPEOHOCTHIO MYIIIONAHOBOTO IIEMEHTa U
COOTBETCTBEHHO OETOHHBIX cMecell Ha ero ocHoBe. Jlisg MoauduUupoBaHHBIX —J100aBKOM
MasterGlenium SKYY 608 cocTaBoB Takxe MpOCIeXKUBAECTCS TEHICHIMS OOblIell MPOYHOCTH OETOHOB
Ha ocHose 111 II/A-I11-500.

Benenne nobaBku monukapOokcunaTHoro tuma B konudectBe 0,8 % OT macchl lieMeHTa
MOBBICUJIO MPOYHOCTh MPHU CXKATHM OETOHOB Ha OOOMX THIAX I[EMEHTa Mmo4tu Ha 2 kiacca. [Ipm
BBesleHNH 1 % monmdukaropa mpoyHOCTh MOBBICHIIACh enle Ha 1 kimacc, a npu 1,2 % — Ha 3 kiacca
st 6eroHOB Ha ocHoBe mopriaanaunementa [T IV/A-500 P u ma 2 kmacca s OGETOHOB C
noptnananementom L] II/A-III-500. IToBbiienre konudectBa n00aBku A0 1,4% yxke He MPUBOIUT K
pOCTy MPOYHOCTH, T.K. TIpu dToM yBennuuBaercs B/Ll cmeceit. Takum 0Opa3zom, parioHaIBHBIM IS
0eTOHOB Ha 000OMX BHIAaX IEMEHTa eCTh KOIWYecTBO 100aBKu 1,2 % OT Macchl BSKYIIETO, MpHU
KOTOPOM JIOCTHUTHYTa MaKCUMaJIbHasi MPOYHOCTh HA CXKaThe 3a cueT MuHuMu3aiuu B/11.

Ha ocnoBe noptaanauementa I111 [I/A-I-500 noay4eH BEICOKOIPOYHBIN OETOH /17151 pEMOHTa
KECTKUX JOPOKHBIX MOKPBITHHM ¢ mpodHOocThio 85,6 MIla, 4TOo COOTBETCTBYET Kjaccy HE MeHee
C 50/60. Ha ocnose nementa IIII[ IV/A-500 P 6b11 momyden 6eToH mpodHocThio 64,1 Mlla, uro
cooTBeTcTBYET Kitaccy He meHee C 40/50.

KitoueBbie ¢j10Ba: KeCTKHE TOPOKHBIC TTOKPHITUS, PEMOHT, PAaHHSSL IPOYHOCTD, MYIIIIOTaHOBBII
LIEMEHT, J100aBKa MOIMKapOOKCHIIATHOTO THUIIA.

Cratta Haaidinuia 1o penakuii 21.03.2020
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