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Abstract: Heavy concrete is widely used as the main structural material in irrigation and drainage construction,
ensuring high reliability and safety of the complexes during operation. The main quality criteria for heavy con-
crete are their operational characteristics. The binder was Portland cement of class CEM I 42.5N. The dispersed
composition, technological and strength characteristics of cement and cement stone obtained from it were deter-
mined using sieve analysis, pycnometric method, determination of bending and compressive strength in accord-
ance with standard methods. Natural sand was used as a fine aggregate. Granite crushed stone was used as a
coarse aggregate. Water was used to mix the concrete mixture. Melflux 5581 F superplasticizer was used as a
plasticizing additive. Microsilica was used as an active mineral additive. Chopped basalt fiber was chosen for
dispersed reinforcement of concrete stone. To determine the efficiency of water interaction with the matrix of the
developed concrete and, as a consequence, the efficiency of diffusion processes inside the matrix, affecting the
destruction of the concrete stone structure and possible moisture loss during irrigation, the porosity of concrete,
its water absorption and water resistance were determined. Analysis of the obtained data shows that the introduc-
tion of a complex modifier together with basalt fiber reduced the water absorption index by 57.8% compared to
the control. The water resistance of the modified concrete in composition 5 increased by 4 loading stages com-
pared to control composition 1. Improvement of hydrophysical properties of modified concrete was established:
water absorption decreased by 57.8%; water resistance grade increased by 4 loading stages in comparison with
the control composition. After 600 cycles of frost resistance testing, the mass loss was 1.5-1.8%, the strength de-
crease was 9.1%-10.2%. The proposed modification with a complex additive together with basalt fiber allows
obtaining high-quality heavy concrete with improved hydrophysical properties.
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AHHoTanus: B kauecTBe OCHOBHOI'O KOHCTPYKIIMOHHOTO MaTepHaja Mpu r’uApoMeIHOpaTUBHOM CTPOUTEILCTBE
IIMPOKO UCTIONB3YETCS TSHKEIBIN 0TOH, 00eCIeUNBAIONIETO BRICOKYIO HA/ICKHOCTh U 0€30IaCHOCTh KOMILICKCOB
mpu dKcruryatanui. OCHOBHBIMU KPUTEPHSIMH KAa4eCTBA TSDKCIBIX OCTOHOB SIBISIFOTCS WX JKCIDTyaTallMOHHEIC
XapaKTepUCTUKH. Bsoxymum sBisiicsa nopianauement kiaacca HEM 1 42,5H. JlucnepcHslil cOCTaB, TEXHOJIOTU-
YEeCKHE W MPOYHOCTHBIC XAPAKTEPUCTUKH LIEMEHTA U TOIYYaeMOr0 W3 HEro IIEMEHTHOTO KaMHS OIPEeIelsuIa C
HCTIOTH30BAHNEM CHTOBOTO aHAIM3a, MUKHOMETPUIECKOTO METO/Ia, ONPEACTICHHS TPOYHOCTH Ha U3THO U CIKATHE
B COOTBETCTBHHU CO CTaHAAPTHBIMH METOIMKAaMH. B KauecTBe MEIKOTO 3aIOIHUTENS NCIOIb30BATH MPUPOIHBIN
Mecok. B kadecTBe KpyITHOTO 3aMOJHUTENS UCIIOJIb30BAIA TPaHUTHBIN 1ebeHb. st 3aTBOpeHus: OETOHHOM cMe-
CH WCIIOJIb30BAJIach BoZa. B kauecTBe IutacTuuuIMpyrolei T00aBKH HCIIOIb30BAICS CYNEepILIacTHPHUKATOP
Melflux 5581 F. B xadyecTBe BOIOPacCTBOPUMON MOJUMEPHON H00aBKH Hcmoib3oBanu «[lomumnon-A». B kaue-
CTBE aKTUBHOI MHMHEpaJIbHOM J100aBKK MPUMEHSIJICS MUKPOKpeMHe3éM. [ mucnepcHoro apMupoBaHusi GeToH-
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HOTO KaMHs1 ObUTO BBIOpaHO pyOseHHoe 0a3anbpToBoe BOJOKHO. [list onpenenennst 3pGeKTHBHOCTH B3aMMOICH-
CTBHS BOJBI C MaTpHIEeH pa3paboTaHHOro OETOHA M, KaK CIEICTBHE, 3PPEKTUBHOCTH TU(PPY3HOHHBIX IpoIiec-
COB BHYTPH MaTpHIIbI, BIMSIOINX Ha pa3pylIeHHe CTPYKTYPHl OETOHHOTO KaMHSI M BO3MOXKHOW TIOTE€PH BJIArd
TIPU OpOIICHHUH, TPOBOAMIIOCH OTIPEJEIIEHIE MOPUCTOCTH OETOHA, ero BOAOIOIIIONICHHE W BOJOHEIPOHHIIAC-
MOCTh. AHaTN3 TOJYYCHHBIX JaHHBIX ITOKA3bIBAET, YTO BBEIEHHE KOMIUIEKCHOTO MOIU(PHUKATOPAa COBMECTHO C
6a3aJIbTOBEIM BOJIOKHOM CHH3MJIO TIOKA3aTeNb BOAOMIOTIIONICHNS Ha 57,8% B CpaBHEHUH ¢ KOHTPOJIBHBIM. Bomo-
HEMPOHHUIIAEMOCTh MOJN(PHUIIMPOBAHHOTO OETOHA B 5 cOCTaBe MOBBICHIACH HA 4 CTYNEHU HAarpY)KEHUs B CpaBHe-
HUM C KOHTPOJIbHBIM cOCTaBOM 1. BBIBOJIbI: yCTAHOBIICHO YIydllieHHE THIPOPHU3NIECKUX CBOMCTB MOAUDUIIN-
POBaHHOTO OETOHA: BOJIOMOIJIOLIEHUE CHU3MIIOCH Ha 57,8%; MapKa Mo BOJOHEITPOHUIIAEMOCTH MOBBICHIIACH Ha 4
CTYNEHU HArpy>XeHUsI B CPABHEHUHU C KOHTPOJIbHBIM cocTaBoM. [Tociie 600 UKIOB UCIBITAHUS Ha MOPO30CTOM-
KOCTb TOTepsi Macchl coctaBmwia 1,5-1,8%, camkenue npounoctu 9,1%-10,2%. [peamaracmoe Moauuipona-
HUE KOMIUIEKCHOH JJ0OAaBKOI COBMECTHO ¢ 0a3aJIbTOBBIM BOJIOKHOM, TIO3BOJISIET MOJIYYUTH TSDKENIBIH OCTOH BBI-
COKOT'0 KauecTBa C yJIy4LICHHBIMH THAPOPU3NUECKUMHI CBOWCTBAMH.

KaroueBble ci10Ba: TsHKeNbIi OETOH, THAPOMEIIHOPATHBHOE CTPOUTENHLCTBO, KOMILIEKCHAsS T00aBKa,
MoOTUpHUKAIHSI OETOHOB

INTRODUCTION

At present, in the Russian Federation, much at-
tention is paid to the development and quality of
irrigation and drainage construction, ensuring
food security of the population, and especially to
the quality of irrigation and drainage systems and
the quality of the system’s operation. Heavy con-
crete is widely used as the main structural mate-
rial in irrigation and drainage construction, ensur-
ing high reliability and safety of the systems dur-
ing operation. The main quality criteria for heavy
concrete are their performance characteristics:
strength (up to 150 MPa and above), frost re-
sistance (F1 = 1000), density (up to 2500 kg/m?),
water resistance (W20), corrosion resistance in
aggressive environments. Research is also active-
ly being conducted on modifying concrete, which
allows for a given level of quality. Even a small
number of modifying components allows for a
radical change in the process of structure for-
mation and the production of durable concrete
with improved physical and mechanical charac-
teristics [1-2]. Multicomponent modifiers on a
chemical-mineral basis are used in hydraulic en-
gineering; their application allows obtaining a
dense durable structure [3-7]. To obtain concrete
mixtures with optimal rheotechnological indica-
tors and to improve the operational properties of
hardened concrete, it is rational and promising to
use chemical-mineral modifiers [8-10]. The most
important achievements in the field of concrete
science are studies that allow expanding the con-
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cepts of micro-, submicro- and nanolevels of
structure formation processes and provide a sig-
nificant increase in physical and mechanical
characteristics, and above all, strength and dura-
bility. Scientifically substantiated patterns of hy-
dration processes of cement clinker minerals and
control of structure formation of cement stone
and concrete have been obtained, developed and
formulated [11-14]. Based on these provisions,
effective methods for protecting concrete and
reinforced concrete from corrosion and ways to
increase its durability have been developed.
Modification of concrete with chemical additives
is the main direction of development of concrete
technology, which is confirmed by scientific re-
search and implemented in the practice of real
enterprises. The main means of combating leach-
ing corrosion in cement systems (washing out of
calcium hydroxide) is the introduction of active
mineral additives and the use of a dense matrix
of cement stone. Such conclusions can be
reached after studying the practical experience of
the authors of scientific papers [15-17], which
note that when leaching portlandite in an amount
0f 20-30% of the total content, the strength of the
cement stone decreases by 35-50% or more. The
key feature of the recommendations in these
works is the use of silica-containing additives, in
particular microsilica, which is a by-product con-
taining more than 91% silicon oxide and is
formed during the smelting of ferrosilicon, where
dust particles of microsilica of 10-50 pum in size
are retained on an electrostatic precipitator [18,
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19]. Scientific interest is also aroused by the
combined capabilities of amorphous silica and
superplasticizer, which have an effect that im-
proves the characteristics of the produced heavy
concrete [20]. When using these two elements in
production, the product gains additional com-
pressive strength of up to 150 Mpa, and also be-
comes more waterproof and resistant to cracking.
Thus, improving the quality of concrete for meli-
oration and hydraulic engineering construction is
a problematic issue and requires its development
taking into account the technological paradigm
being developed at the present stage, which pro-
vides for the use of a polydisperse binder in its
composition together with a complex modifier.
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hydraulic seal, which provided the following con-
ditions: relative air humidity of at least 90% and
an ambient temperature of (20£2) °C. After 24
hours, the samples were unmolded and then stored
in a bath with water for 27 days, the temperature
in which was controlled within (20+2) °C. Upon
expiration of the storage period, the beam samples
were removed from the bath with water and tested
for strength no later than 30 minutes later. The
results obtained are presented in Table 2. Accord-
ing to the test results, it was established that the
cement meets the requirements of the standard for
the standardized indicators: test for uniformity of
volume change, the beginning of setting of the
cement paste, compressive strength after 2 and 28
days.

METHODS Table 2. Results of determining the charac-
teristics of Portland cement grade CEM [ 42.5N
The work used the initial materials with the fol- Requirement Actual
. . . . . Ctua
lowing characteristics. The binder was Portland Indicator GOST 31108- value
cement of class CEM I 42.5N, manufactured by ' ' 2020
00O Holcim (Rus) SM (Kolomna). The chemi- Residue On;‘e"e ASpm, 31
cal and mineral composition of the cement was . :
. . Residue on sieve 80 pm,
determined using X-ray phase and X-ray fluo- o - 0.5
rescence analysis, the results of which are pre-  ["Nommal density of cement oo
sented in Table 1. paste, % i '
Test for uniformity of
Table 1. Chemical and mineral composition of | volume change (Le Chate- 10 7
Portland cement lier Ring), expansion, mm
Ce- Chemical composition, wt.% Speciﬁc sur.face (acc;ord- - 3500
ment | Na,0 | SO; | MgO | Fe, | CaO | ALO | SiO, ing to Blaine), cm?/g
brand 0s 3 ) : not earlier than
0,83 0,6 0,88 3’9 64,1 5,89 23,8 Start of settlng, min 60 175
CEM Content of crystalline phases in clinker, wt. % End of setting, min 3 500
I C.AF GA S GS Presence of signs of false
45 | (4CA0ALOs | (3Ca0-ALOs) | (2CaOSi | (3CaO-Si otsie 1o 10
N Fe,0s) 0,) 0,) setting, yes/no
11,46 6,97 11,5 60,92 Average compressive
strength at the age of 2 not less than 10 26.5
The particle size distribution, process and strength days, MPa
characteristics of cement and cement stone ob- Average compressive | not less than 42,5
tained from it were determined using sieve analy- Strengtg at th&;ge of28 | not more than 4.5
sis, pycnometric method, determination of bend- s, e 62,5
. . . . True density, kg/m? - 3150
ing and compressive strength in accordance with : -
Bulk density, kg/m - 1250

standard methods. To determine the mechanical
strength, beam samples measuring 4x4 x16 cm
were made of cement-sand mortar with a water-
cement ratio W/C=0.4. After production, the sam-
ples were kept in molds for 1 day in a bath with a

74

Natural sand with a fineness modulus of 2.5 and
particle sizes from 0.16 mm to 2.5 mm pro-
duced by Khromtsovsky Quarry LLC, located in
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the village of Khromtsovo, Ivanovo Region,
was used as fine aggregate. Granite crushed
stone produced by Bogaevsky Quarry LLC,
Moscow Region, Ruzsky Urban District, was
used as coarse aggregate. It meets the require-
ments for the content of plate-shaped and nee-
dle-shaped grains - 12.0%; dust, silt and clay
particles - 0.93%; crushed stone grade for
crushability - 1400; crushed stone grade for
frost resistance - 300; bulk density - 1385
kg/m?; specific effective activity of radionu-
clides (Aeff) - 90 Bg/kg; crushed stone grade
for abrasion I-1. The maximum in the crushed
stone size distribution was 20 mm. The aggre-
gate under study belongs to the medium-grained
type of crystalline structure.

Water was used to mix the concrete mixture.
Water does not contain sulfates over 2700 mg/I
(in terms of SOa), all salts over 5000 mg/l, oil
sludge and scale, the content of organic matter
is less than 15 mg/l, pH 7.8, color is absent.
Melflux 5581 F superplasticizer additive by
BASF Construction Additives (Germany) was
used as a plasticizing additive, the consumption
of which was 0.3% of the binder weight, rec-
ommended by the manufacturer.

Polydon-A additive by Orgpolimersintez LLC,
St. Petersburg, was used as a water-soluble pol-
ymer additive, meeting the requirements of TU
9365-002-46270704-2001. The consumption of
this additive was 0.2% of the binder weight.
"Polidon-A" is an aqueous solution of polyvi-
nylpyrrolidone CéHoNO, with a density of about
1200 kg/m?, a viscosity of 3000 to 6000 MPa s
at 25 °C, and a melting point of 150-180 °C.
Microsilica grade MKU-95 was used as an ac-
tive mineral additive. Microsilica was produced
by OOO NTC EVEREST, Lipetsk.

The chemical composition of microsilica in
terms of basic oxides was determined using X-
ray phase analysis using a DRON-3 X-ray ma-
chine. The specified microsilica has a high con-
tent of amorphous and glassy silicon oxide (up
to 95% SiO2 by weight); the content of other
oxides is low. The results of the analysis of the
chemical composition of microsilica are pre-
sented in Table 3.
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Table 3. Qualitative characteristics of microsil-
ica grade MKU-95

Mass fraction, %
not less than 95.0
not more than 0.09
not more than 0.7
not more than 0.17
not more than 0.1
not more than 0.43
not more than 0.25
not more than 1.21
not more than 0.3

Substance

Silicon dioxide SiO;
Phosphorus oxide P,Os
Magnesium oxide MgO
Aluminum oxide Al,O3
Iron oxide Fe O3
Sulfuric anhydride SO3
Calcium oxide CaO
Free alkalis Na,O, K,O
Water

Chopped basalt fiber manufactured in accord-
ance with TU 5952-002-13307094-08 was se-
lected for dispersed reinforcement of concrete
stone. Unlike steel fiber, basalt fiber has a high-
er resistance to corrosion. Compared to polymer
fibers, basalt fiber has a lower elastic modulus
and is not subject to aging. The melting point of
basalt fiber is 1450°C, the average length of a
fiber section is 12.67 mm, the diameter of an
elementary fiber is 16.19 pm, the relative elon-
gation at break is 1.4-3.6%, the tensile strength
Rt is 2.8-3.4 MPa-10°, the true density of the
fiber is 2.63 g/cm?, the modulus of elasticity of
the fiber is 100-130 MPa-10%, and the resistance
to alkalis and inorganic acids is high.

RESULTS AND DISCUSSION

When creating trays for irrigation canals in con-
ditions of constant contact with water, concrete
must be dense and have good hydrophysical
properties: low rates of water absorption, capil-
lary suction, water resistance and high rates of
frost resistance and corrosion resistance. In the
works [10-17] it is noted that the hydrophysical
properties of concrete are improved with the use
of modifiers, especially those that include in-
gredients with a hydrophobic-plasticizing effect
of 15-30% or more. To determine the efficiency
of water interaction with the matrix of the de-
veloped concrete and, as a consequence, the ef-
ficiency of diffusion processes inside the matrix,
affecting the destruction of the structure of con-
crete stone and possible moisture loss during
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irrigation, the porosity of concrete, its water ab-
sorption and water resistance were determined.
To determine water absorption, the method of
successive saturation of samples with water to a
constant mass was used in accordance with
GOST 12730.3-2020. The cube samples used
had a side of 100 mm and were made of con-
crete mixtures of the developed compositions.
The samples hardened under normal conditions
for 28 days. The series of samples for testing
consisted of 3 cubes plus a control for each of
the compositions. Water absorption of a series
of samples of each composition was determined
as the arithmetic mean of the water absorption
values of each sample in the series. The porosity
of samples of the developed compositions was
determined by assessing the kinetics of water
absorption using the discrete weighing method
in accordance with GOST 12730.4-2020 "Con-
crete. Methods for determining porosity pa-
rameters." The cube samples had a side of 70
mm, the test series included two samples of
each composition. The porosity value was cal-
culated as the arithmetic mean. The water re-
sistance of the developed concrete products was
determined using the "wet spot" method in ac-
cordance with the requirements of GOST
12730.5-2018 [16]. To determine the water re-
sistance, cylindrical samples with a diameter of
150 mm and a height of 150 mm were made
from the developed compositions. According to
GOST 24587-81 [17] and the technological
conditions for the manufacture of trays, the
largest filler size in them should not exceed 15
mm. The cylindrical samples also had a maxi-
mum filler size of 15 mm. Six samples of each
composition were prepared in the series. Before
testing, the samples were kept in a normal cur-
ing chamber under normal conditions for 24
hours before testing. Water resistance was de-
termined using the Form + Test WE 6 MMZ
installation (Germany). The samples were in-
stalled in the landing devices of the installation,
the cuffs of which were pre-lubricated with wa-
terproof grease. The water pressure was in-
creased stepwise with subsequent holding (0.2
MPa for 1-5 minutes) and a duration of water
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exposure under pressure equal to 12 hours at
each step. When a "wet spot" appeared, as well
as other signs of water penetration into various
places of the sample, the test was stopped. The
value of the maximum water pressure, at which
no water filtration was observed on at least four
out of six samples, was taken as an indicator of
the sample's water resistance. The first basic
method was used to determine frost resistance.
The test samples were a series of concrete cubes
with an edge of 100 mm, six of which were tak-
en as controls, and twelve had additives intro-
duced into their composition in accordance with
the developed experimental plan. The holding
time of the samples was 24 hours with immer-
sion to 1/3 of the sample height, 24 hours with
immersion to 2/3 of the sample height, and 48
hours with complete immersion. The testing
process was continued until the appearance of
structural defects in the samples - cracks, chips
and peeling, loss of mass and loss of strength of
the samples by more than 5% of the required
value [12, 14] The results of tests for water ab-
sorption and water resistance of concrete are
presented in Table 4. Analysis of the obtained
data shows that the introduction of a complex
modifier together with basalt fiber (composition
6, PV + (0.3% Melflux + 0.2% Polydon-A +
15% MK) + 0.7% BV) reduced the water ab-
sorption index by - 57.8%; composition 2 PV +
0.3% Melflux reduced it by 37.8%); composi-
tion 3 PV + 0.2% Polydon-A reduced it by
48.9%; composition 4 PV + (0.3% Melflux +
0.2% Polydon-A reduced it by 53.3%. by 55.5%
— 5 composition PV + (0.3% Melflux + 0.2%
Polydon-A + 15% MK) compared to the control
(composition 1). The water resistance of the
modified concrete in composition 5 PV + (0.3%
Melflux + 0.2% Polydon-A + 15% MK) in-
creased by 4 loading stages compared to the
control composition 1 (PC++ 0.3% Melflux). At
the same time, the presence of basalt fiber PV +
(0.3% Melflux + 0.2% Polydon-A + 15% MK)
+ 0.7% BV in composition 6 did not affect its
water resistance.
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Table 4. Results of water absorption and water resistance tests

Water absorption by weight,
%

Concrete grade by water

1 K .
Sample marking resistance

Water resistance, MPa

Composition 1
control factory 4.5 0.6 W6
PC + 0.3% Melflux
Composition 2

PV + 0.3% + Melflux
Composition 3

PV + 0.2% Polidon-A
Composition 4

PV + (0.3% Melflux + 0.2% 2.1 1.2 Wi12
Polidon-A)
Composition 5
PV + (0.3% Melflux + 0.2% 2.0 1.4 W14
Polidon-A + 15% MK)
Composition 6

PV + (0.3% Melflux+ 0.2%
Polidon-A + 15% MK) +
0.7% BV

The results of tests under cyclic alternating freezing and thawing are shown in Table 5.

2.8 0.8 W8

23 1.0 W10

1.9 1.4 W14

Table 5. Results of concrete tests under cyclic alternating freezing and thawing

Sample mass loss, %, after cycles K, after cycles
200 | 300 | 350 | 400 | 500 | 600 | 200 | 300 | 350 | 400 | 500 600

Sample marking

Composition 1
control factory 1.18 | 2.18 | 3.15 | 432 | - - 0.96 | 091 | 0.78 | 0.67 - -
PC + 0.3% Melflux

Composition 2

PV + 0.3% + Melflux
Composition 3

PV +0.2% Polidon-A
Composition 4

PV + (0.3% Melflux + 0231098 | 1.6 | 1.9 | 29 |3.89| 1.03 | 1.01 | 097 | 0.96 | 0.94 | 0.88
0.2% Polidon-A)

Composition 5
PV +(0.3% Melflux +
0.2% Polidon-A + 15%
MK)
Composition 6

PV + (0.3% Melflux+

0.2% Polidon-A + 15%
MK) + 0.7% BV

Note. K, is the ratio of the strength index of a sample after testing its frost resistance to the strength of a sample of

the material in a water-saturated state before determining frost resistance.

047 | 1.14 | 1.18 | 22 | 3.6 | 530 | 1.0 | 0.96 | 0.94 | 0.92 | 0.82 0.8

032 11.09]156| 20 | 32 |482| 102|098 | 095|094 | 0.86 | 0.85

0121094 12 | 1.4 | 1.6 | 1.80 | 1.04 | 1.02 | 098 | 0.94 | 092 | 0091

0.1 {0.15]022|036] 09 | L5 1.1 | 1.08 | 1.04 | 0.99 | 0.97 | 0.93

The results of tests with cyclic alternate freezing - maximum reduction in weight up to 6.32% and
and thawing of cube samples made of concrete cube strength by 26% in control composition 1
of different compositions, presented in Table 5, (PC + 0.3% Melflux) after 400 cycles of alternate
showed: freezing and thawing tests, which exceeds the es-
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tablished indicators of the requirements of GOST
10060-2012 (loss of weight and strength of con-
crete no more than 2% and 15%, respectively).

- high frost resistance characteristics of compo-
sitions containing the complex modifier PV +
(0.3% Melflux + 0.2% Polydon-A + 15% MK).
After 600 test cycles, the mass loss in composi-
tions 5 and 6 was 1.8% and 1.5% with a de-
crease in strength of 10.2% and 9.1%, respec-
tively, which confirms the sufficient margin of
strength and frost resistance of the proposed
modified concrete compositions.

CONCLUSION

Based on the presented research results, the fol-
lowing conclusion can be made:

1. An improvement in the hydrophysical proper-
ties of the modified concrete was established: wa-
ter absorption decreased by 57.8%; the water re-
sistance grade increased by 4 loading stages com-
pared to the control composition. After 600 frost
resistance test cycles, the mass loss was only 1.5-
1.8% and the strength decreased by 9.1%-10.2%.
2. The proposed modification with a complex
additive together with basalt fiber allows obtain-
ing high-quality heavy concrete with improved
hydrophysical properties: water absorption, wa-
ter resistance and frost resistance, which makes
it possible to recommend it for the production of
building products and structures operating in
harsh operating conditions.
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