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Abstract. The issues considered in the article are related to the determination of the combined
effect of mechanochemical activation of Portland cement and its consumption, ground quartz sand,
superplasticizer (hereinafter SP) and amorphous microsilica (hereinafter MS) on the strength and
abrasion resistance of concrete. The effect of partial replacement of Portland cement with ground
quartz sand was studied, the consumption of which in the mixed binder varied in the range from 0 to
40%. The consumption of MS in the mixed binder varied in the range from 0 to 10%, and the
consumption of SP —from 0 to 1% of the Portland cement mass. The consumption of Portland cement
in the concrete mix varied in the range from 350 to 450 kg/m3. The activation period of the binder
was 180 sec. The obtained experimental results indicate the possibility of varying the recipe and
technological factors to increase the strength of concrete and reduce the consumption of Portland
cement in the concrete mix.

The obtained experimental data indicate a significant effect of mechanochemical activation of the
mixed binder on the strength of concrete. Of the listed factors, the greatest effect on the compressive
strength of concrete is exerted by the consumption of ground sand and SP in the mixed binder. The
addition of ground quartz sand (40%) to the mixed binder causes a decrease in the strength of concrete
from 35.1 MPa to 22.5 MPa (by 35.9%) at the grade age. An increase in the consumption of SP (up to
1%) in the mixed binder causes an increase in the strength of concrete from 17 MPa to 28 MPa (by
64.7%) at the early stages of hardening and from 35.1 MPa to 49.7 MPa (by 41.6%) at the grade age.

The use of MS (10%) in the composition of the mixed binder provides a relatively insignificant
increase in strength (6.5%) at the early stages of curing and (4.6%) at the grade age compared to the
control.

The use of mechanical activation provides an increase in concrete strength by 62.4% (at the
early stages of hardening) and 25.1% (at the grade age) compared to the control. The combined effect
of mechanical activation (180 sec), addition of ground quartz sand (40%), MS addition (10%) and an
increase in the consumption of SP (1%) in the composition of the mixed binder (Portland cement
consumption 350 kg/m3) causes an increase in the compressive strength of concrete (8, ), a decrease
in concrete abrasion from 0.33 (40% ground sand) to 0.21 g/cm? and a decrease in Portland cement
consumption from 350 kg/m? (control) to 189 kg/m? (by 46%).

Keywords: mechanical activation, Portland cement, ground quartz sand, superplasticizer,
microsilica, concrete.

Introduction. Portland cement remains the most expensive component of concrete
manufacturing technology, which is explained by the peculiarities of its production. In this regard,
ways to reduce the consumption of cement in the composition of concrete, provided that the specified
strength is ensured, are becoming increasingly relevant. A promising method for improving the
physical and mechanical characteristics of hardened composites is the mechanochemical activation
of a mixed binder using active and inert mineral additives. The issues considered in the article are
related to determining the combined effect of both the mechanochemical activation of a mixed binder
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and the consumption of Portland cement, ground quartz sand, SP and MS in it on the strength and
abrasion of concrete based on it.

Analysis of the latest research and publications. One of the key tasks in the technology of
producing mixed cements is to create optimal combinations of Portland cement with mineral
additives. The presence of mineral additives in the composition of the mixed binder increases the
potential of concrete based on it. [1-3]. In this regard, the replaceable part of Portland cement with
mineral additives [4, 5] contributes to both the economic efficiency of concrete production and the
production of concrete with improved properties [6-8].

Various methods have been created to improve the properties of mortar and concrete based on
it [9], among which the use of mechanochemical activation of the binder is promising [10, 11].
Among the existing methods for activating the hydration processes of cement compositions, high-
speed turbulent mixers are widely used [12]. Activation in a turbulent mixer helps to increase the
mobility of the mixture, which allows to reduce the amount of mixing water.

The use of surfactants in the technology of manufacturing resource-saving construction concretes
helps to reduce the excess of mixing water, which leads to an increase in the strength of concrete based
on them [13-16]. The use of such ultrafine additives as MS contributes to a denser packing of concrete
components due to the microscopic size of its particles [17]. The addition of MS to a mixed binder
increases adhesion and reduces the porosity of the contact zone of the filler with the binder [18].

It is expected that the use of mechanochemical activation of a mixed binder with the addition of
ground quartz sand, MS and SP will lead to a decrease in the consumption of Portland cement while
simultaneously increasing the strength and reducing the abrasion of concrete based on it.

Objectives and tasks. The aim of the work is to determine the effect of mechanochemical
activation of a mixed binder in the presence of SP on the compressive strength and abrasion resistance
of concrete.

Materials and research methods. The mobility of the concrete mixture on the mixed binder was
taken as such that it provided a cone settlement of 3-4 cm. Quartz sand was ground to a specific surface
of 300 m?/kg. The activation of the mixed binder compositions was carried out in an aqueous medium,
in a turbulent high-speed mixer for 180 sec.

Portland cement PC 11/A-K(SH-V)-500R (specific surface area 505 m?/kg) was used as a binder.
Polycarboxylate superplasticizer Relaxol — Super PC was used as a surfactant. Ground quartz sand
(specific surface area 300 m?/kg) and MS (specific surface area 20.000 m?/kg) were used to replace
cement. Concrete mix on non-activated binder (Portland cement consumption 350 kg/m®) without
addition of ground quartz sand, SP and MS was used for control. The composition of concrete mix
(control) included Portland cement (350 kg/m®), quartz sand from Mkr = 2.5 (720 kg/m®) and crushed
granite of fractions 5-20 mm (1235 kg/m?).

The separate and combined influence of mechanical activation of mixed binder, consumption of
Portland cement, ground quartz sand, SP and MS in it on the strength of concrete was estimated by
testing concrete cubes with an edge of 10 cm for compression at the age of 3, 7 and 28. The influence of
the presented factors on the abrasion of concrete was estimated by testing concrete cubes with an edge
of 7.07 cm on the abrasion circle LKI-2 at the age of 28 days of hardening.

A four-factor planned experiment was conducted to determine the effect of variable factors on
the strength of samples and abrasion. The plan of the four-factor experiment and the compositions of
concrete mixtures (per 1 m® of concrete) for making samples is presented in Table 1.

Research results. Table 1 shows the variable factors of the four-factor experiment, namely: a)
Portland cement consumption in concrete mix — X1 (400+50 kg/m?®); b) ground sand consumption in
mixed binder — Xz (20+20%); ¢) MS consumption — X3 (5+5%); d) SP concentration — X4 (0.5+0.5%).
The choice of factors is associated with the possibility of ensuring the strength of samples above 35 MPa.

According to the compositions of concrete mixtures given in Table 1, concrete cubes with an
edge of 10 cm were tested for compression at the age of 3, 7 and 28 days of hardening. The
experimental plan and the strength indicators of concrete for compression (responses) are given in
Table 2.
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Table 1 — Four-factor experiment plan and concrete mix compositions (per 1 m3 of concrete)

Factor levels Portland Ground Quartz Granite
Comp. cement quartz sand crushed MS, SP,
numb. | X1 [ X2 | X3 | Xa kg/m? ’ sand, kg /mg stone, kg/m® | kg/m®
kg/m® kg/m®

1 o000 304 80 705 1205 16 1.52
2 - - - - 350 0 720 1235 0 0
3 -+ |+ |+ 189 140 720 1235 21 1.9
4 + | - |+ |+ 405 0 690 1165 45 4.05
5 + |+ | - + 270 180 690 1165 0 2.7
6 + |+ | + - 243 180 690 1165 27 0
7 0|+ | - 240 160 705 1205 0 0
8 0| - |+ - 360 0 705 1205 40 0
9 0| - | - + 400 0 705 1205 0 4
10 + 10| - - 360 90 690 1165 0 0
11 - | 0| + - 252 70 720 1235 28 0
12 - 10| - + 280 70 720 1235 0 2.8
13 +]1-10 - 427.5 0 690 1165 22.5 0
14 -1 +] 0 - 199.5 140 720 1235 10.5 0
15 - -] 0| + 332.5 0 720 1235 17.5 3.32
16 + | -] - 0 450 0 690 1165 0 2.25
17 -+ | - 0 210 140 720 1235 0 1.05
18 -1 -]+ 10 315 0 720 1235 35 1.58

Table 2 — Experimental design and compressive strength of concrete
at the age of 3, 7 and 28 days

Responses
Comp.
numb. R&ou, MPa RM .., MPa
3days | 7days | 28 days | 3 days | 7 days | 28 days

1 23.7 33.2 45.8 33.7 | 453 56.6
2 17 23.2 35.3 275 | 35.2 43.8
3 15.5 224 33.8 25.3 | 337 41.6
4 36.9 48.5 65.3 456 | 61.8 77.7
5 20.8 27.1 42 322 | 42.8 52.6
6 12.7 21.3 32.5 244 | 321 40.3
7 12.1 19.2 27.1 213 | 276 335
8 19.4 26.3 40.9 30.5 | 40.7 50.4
9 33.1 41.2 55.7 379 | 515 65.4
10 17.9 24.8 37.3 279 | 371 45.7
11 12.4 21.9 32 243 | 321 40.6
12 22.1 29.8 42.7 31.2 | 413 50.5
13 20.9 28.9 45.6 342 | 432 55

14 8.7 15.3 23.4 17.7 | 22.8 28.7
15 27.2 34.2 50.2 40.1 | 48.6 60.1
16 30.4 39.9 58.2 414 | 52.6 67.8
17 14.1 22.6 29.5 195 | 30.2 36.4
18 25.6 33.8 47.5 35.6 | 45.1 56.4
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Note: R, — compressive strength of concrete on non-activated binder on the 3rd, 7th and 28th
day;

RM ., — compressive strength of concrete on mechanically activated binder on the 3rd, 7th and
28th day.

Experimental statistical models reflecting the influence of variable composition factors on the
compressive strength of concrete at 28 days of hardening, on non-activated (1) and mechanically
activated (2) binders, are presented on the models:

REQNE28 = 458 + 5.3X1 — 0.0X? — 0.6X1X2 + 0.2X1X3 + 1.0 X1X4 (1)
—8.1X2 - 1.4X2 +0.3X2X3 — 1.5X2X4
+1.1X3 + 0.1X2 +0.1X3X4
+6.9X4 — 3.7X2

Rmech28 — 56 6 + 6.4X1 — 0.4X% — 0.1X1X2 + 0.4X1 X3 + 1.6 X1X4 (2)
—~8.9X2 - 2.3X3 + 0.3X2X3 — 1.0X2X4
+1.7X3 - 0.4X3 +0.4X3X4

+ 8.0X4 — 4.0X%

Note: Rmech28 _ strength of concrete based on mechanically activated binder, MPa; RE9Rt28 —
strength of concrete on non-activated binder, MPa.

The analysis of mathematical models (1, 2) show that, according to the values of the coefficients
for the variable factors, the greatest influence on the compressive strength of concrete for the grade
age of hardening is exerted by the consumption of ground sand and SP in the mixed binder.

The effect of the amount of ground sand and the concentration of SP on the strength of the
concrete is confirmed by the experimental data, which are graphically reflected in Fig. 1, 2 (factor X1
is at level -1).

For concrete on non-mechanically activated binder at the age of 3 days, Fig. 1, an increase in
SP consumption from 0 to 1% (factors X1, X2 and X3 are at level -1) ensures an increase in concrete
strength from 17 MPa to 28 MPa, i.e. by 64.7%. At the age of 7 days, an increase in SP consumption
contributes to an increase in concrete strength from 23.1 MPa to 35.1 MPa, i.e. by 52%. At the brand
age, there is an increase in concrete strength from 35.1 MPa to 49.7 MPa, i.e. by 41.6%. This allows
us to state that the use of SP provides the greatest (of the factors used) increase in concrete strength
at the early stages of hardening. For more distant hardening periods, the effect of SP on concrete
strength decreases and does not exceed 41.6% at the age of 28 days.

An increase in the consumption of ground quartz sand in the binder causes a decrease in the
strength of concrete. For 3-day-old concrete on a non-mechanically activated binder, Fig. 1, an
increase in the consumption of ground sand from 0 to 40% (factors X1, X3 and X4 are at level -1)
leads to a decrease in the strength of concrete from 17 MPa to 9.4 MPa, i.e. by 44.7%. At the age of
7 days, an increase in the consumption of ground sand leads to a decrease in the strength of concrete
from 23.1 MPato 17.1 MPa, i.e. by 26%. At the grade age, an increase in the consumption of ground
sand leads to a decrease in the strength of concrete from 35.1 MPa to 22.5 MPa, i.e. by 35.9%. Thus,
it can be stated that the greatest impact on the decrease in the strength of concrete due to the
introduction of ground sand into the binder occurs at the early stages of hardening.

An increase in the MS consumption in the binder causes an insignificant increase in the concrete
strength. For 3-day-old concrete on a non-mechanically activated binder, Fig. 1, an increase in the
MS consumption from 0 to 10% (factors X1, X2 and X4 are at the level of -1) provides an increase in
the concrete strength from 17 MPa to 18.1 MPa, i.e. by 6.5%. At the age of 7 days, an increase in the
concrete strength is observed from 23.1 MPa to 24.3 MPa, i.e. by 5.2%. At the grade age, the increase
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in concrete strength due to the introduction of MS does not exceed 4.6% (from 35.1 MPa to 36.7 MPa).
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Fig. 1. The influence of curing time on the strength of concrete:
a, b — content of ground sand in the binder 0 and 40%, respectively, content of microsilica 0%;
¢, d — content of ground sand in the binder 0 and 40%, respectively, content of microsilica 10%;
--------- — solution on mechanically activated (for 180 sec) binder;
------ — solution on non-activated binder (control);
1, 2 — superplasticizer consumption 0 and 1% respectively (from the mass of the cement)
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Fig. 2. The influence of the consumption of ground quartz sand and the concentration of SP in the
binder on the compressive strength of concrete at 28 days of age:
--------- — solution on mechanically activated binder;
------ — solution on non-activated binder (control)

Mechanical activation of the binder leads to an increase in the strength of concrete. It should be
noted that the use of mechanical activation of the binder allows to increase the intensity of hydration
processes and significantly increase the strength of the final product. This allows to do without
additional methods of increasing the strength of concrete during the strength gain process [19]. The
effect of mechanical activation for old concrete, Fig. 2, is on average 22% increase in strength
(compared to the strength of concrete on a non-activated binder). For 3-day-old concrete, Fig. 1, the
use of mechanical activation for 180 sec (factors X1, X2, X3 and Xa are at level -1) provides an increase
in strength from 17 MPa to 27.6 MPa, i.e. by 62.4%. At 7-day age, mechanical activation provides
an increase in concrete strength from 23.1 MPa to 35.3 MPa, i.e. by 52.8%. At grade age, an increase
in concrete strength is observed from 35.1 MPa to 43.9 MPa, i.e. by 25.1%.

The experimental data shown in Fig. 1, 2 indicate that the combined action of mechanical
activation of the mixed binder, the introduction of SP and MK into its composition causes an increase
in the strength of concrete from 35.1 MPa (control) to 41.7 MPa (activation, factors X2, X3 and Xa

are at level 1), i.e. by 18.8%, and reduces the consumption of Portland cement from 350 kg/m3 to
189 kg/m?® (by 46%).

Modern construction and architecture, 2025, no. 11, page 77-87



BUILDING MATERIALS AND TECHNIQUES

As for the influence of variable factors on the abrasion of concrete, in accordance with the
compositions of concrete mixtures given in Table 1, a test was carried out on concrete cubes with an
edge of 7.07 cm on an abrasion circle at the age of 28 days of hardening. The experimental design
and average values of concrete abrasion are shown in Table 3.

Table 3 — Experimental design and concrete abrasion

Mechanical activation of mixed
Factor levels Control .
com. mass of samples, g mass of samgllggeg
num. X1| X2 |Xs|Xa| before after Abras";”’ before after Abrasmz)n,
: : g/cm : . g/cm
abrasion | abrasion abrasion | abrasion

1 0[0]O 826 819 0.15 838 832 0.12
2 - - - 808 797 0.22 817 807 0.2
3 S+ |+ |+ 822 810 0.24 836 825 0.21
4 + | - |+ |+ 816 811 0.11 824 820 0.09
5 + 0+ | - |+ 820 809 0.21 829 820 0.17
6 + |+ |+ ] - 821 808 0.25 827 826 0.21
7 0O+ |- |- 817 802 0.3 822 810 0.25
8 0 -1+ - 807 799 0.17 816 819 0.15
9 0f-1-1|+ 814 807 0.14 818 813 0.11
10 [ +]0 | - | - 805 796 0.19 813 805 0.16
11 | - |0 |+ ]| - 833 822 0.23 845 834 0.22
12 | -]0 | - |+ 808 798 0.19 821 812 0.17
13 [+ -]0] - 808 800 0.17 816 809 0.14
14 | - | +|0] - 828 811 0.33 840 827 0.27
15 | -] -0 ]|+ 812 804 0.16 822 815 0.14
6 |+ -1]-10 801 793 0.15 809 803 0.12
17 | - |+ -1]0 824 810 0.29 831 818 0.26
18 | - | -]+10 815 806 0.18 818 811 0.15

Experimental statistical models reflecting the influence of variable composition factors on the
abrasion resistance of concrete on the 28th day of hardening, on non-activated (1) and mechanically
activated (2) binders, are presented on the models:

Geont28 =151 - 2.8X1 + 1.5X% — 0.5X1X2 — 0.3X1X3 + 0.1 X1 X4 (3)
+4.5X2 + 3.7X3 — 0.3X2X3 — 0.7X2X4
~1.2X3 + 0.3X3 —0.2X3X4
—3.1Xa + 1.0X2

GA°t28 = 12.3 - 2.9X1 + 1.8X% — 0.5X1X2 + 0.0X1X3 + 0.1 X1 X4 4)
+3.7X2 + 2.5X3 — 0.3X2X3 — 0.3X2X4
~0.9X3 + 1.1X3 —0.3X3X4

—2.9X4 + 1.2X2

Note: G328 _ abrasion resistance of concrete on mechanically activated binder, g/cm?; Geont28
— abrasion resistance of concrete on non-activated binder, g/cm?.
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Analysis of mathematical models (3, 4) show that, according to the values of the coefficients
for the variable factors, the greatest influence on the abrasion of concrete at the grade age of hardening
is exerted by the consumption of ground sand (Xz). The influence of individual variable factors (X,
X2, X3 and Xa) on the abrasion of concrete at the grade age of hardening in the minimum and
maximum zones both on the mechanically activated mixed binder and on the non-activated mixed
binder is presented in single-factor graphical dependencies, Fig. 3.

4 35 36 36 36
32 32 32 w\ 32
E 28 28 28 Max 28
)
o 24 max 24 24 24 max
N max
£ 20 _ 20 20 20
o min . .
16 k 16 min 16 min 16 min
12 12 12 \K 12 \k
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Xl XZ X3 X4-
b) 36 36 36 36
32 32 32 32
E 28 28 28 E—’ 28
(@)
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?{,j 20 max 20 max 20 20
16 : 16 16 16 min
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12 k 12 12 / 12
x
8.4 0 +1 8.1 0 +1 81 0+ %1 0 +1
X1 XZ X3 X4-

Fig. 3. The influence of variable factors (X1, X2, X3 and Xa4) on the abrasion of concrete:
a — solution on non-activated binder (control);
b — solution on mechanically activated (for 180 sec) binder

An increase in the consumption of ground sand from 0 to 40% (of the cement mass) in the mixed
binder causes an increase in abrasion in the maximum zones from 0.22 to 0.34 g/cm? (control) and from
0.2 to 0.3 g/cm? (mechanical activation for 180 sec). In the minimum zones, an increase in the
consumption of ground sand in the mixed binder causes an increase in abrasion from 0.11 to 0.17 g/cm?
(control) and from 0.09 to 0.15 g/cm? (mechanical activation for 180 sec).

The second factor influencing concrete abrasion is the consumption of Portland cement (X1) in the
mixed binder. An increase in Portland cement consumption from 350 to 450 kg/m? in concrete causes a
decrease in abrasion in the maximum zones from 0.34 to 0.28 g/cm? (control) and from 0.3 to 0.23 g/cm?
(mechanical activation 180 sec). In the minimum zones, an increase in Portland cement consumption in
concrete causes a decrease in abrasion from 0.16 to 0.11 g/cm? (control) and from 0.14 to 0.09 g/cm?
(mechanical activation 180 sec).

The next factor in terms of impact on concrete abrasion is the concentration of SP (X4) in the mixed
binder. Addition of SP to the composition of concrete mix has a useful compacting effect and allows to
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reduce the number of pores in the finished concrete. The use of SP makes it possible to reduce the use
of fibers and modifiers to increase resistance to abrasion (the effect is achieved both from the combined
use of some of them) [20, 21]. An increase in the concentration of SP in the mixed binder causes a
decrease in abrasion in the maximum zones from 0.34 to 0.27 g/cm? (control) and from 0.3 to 0.24 g/cm?
(mechanical activation for 180 sec). In the minimum growth zones, the concentration of SP causes a
decrease in abrasion from 0.16 to 0.11 g/cm? (control) and from 0.15 to 0.09 g/cm? (mechanical
activation for 180 sec).

The last factor influencing the concrete abrasion is the consumption of MS (X3) in the mixed
binder. An increase in the consumption of MS in the mixed binder causes a decrease in abrasion in
the maximum zones from 0.34 to 0.32 g/cm? (control) and from 0.3 to 0.28 g/cm? (mechanical
activation for 180 sec). An increase in the concentration of SP in the minimum zones causes a
decrease in abrasion from 0.13 to 0.11 g/cm? (control) and from 0.11 to 0.09 g/cm? (mechanical
activation for 180 sec).

Thus, the use of mechanical activation and mineral additives allows one to obtain a more
uniform and compacted structure of the binder, which helps to improve the resistance to abrasion of
concrete.

Conclusions:

1. The combined effect of mechanical activation (180 sec), addition of ground quartz sand
(40%), MS additive (10%) and increase in SP consumption (1%) in the composition of the mixed
binder (Portland cement consumption 350 kg/m®) causes an increase in the compressive strength of
concrete from 35.1 MPa (control) to 41.7 MPa (by 18.8%) and reduces Portland cement consumption
from 350 kg/m? (control) to 189 kg/m® (by 46%). The reduction in Portland cement consumption
occurs (mainly) due to the introduction of ground sand into its composition (up to 40%), the negative
impact of which on the strength of concrete is compensated by the use of mechanical activation and SP.

2. The combined effect of the above factors in the composition of the mixed binder (portland
cement consumption 350 kg/m?) causes a decrease in concrete abrasion from 0.33 (40% ground sand)
to 0.21 g/cm?. The greatest influence on concrete abrasion at the grade age of hardening is exerted by
the consumption of ground sand in the composition of the mixed binder, which is compensated by
the combined effect of other factors (mechanical activation, MC and SP).
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AHoTania. Po3risHyTi y cTaTTi NUTaHHS IOB’S3aHI 3 BU3HAUYEHHSM CYMICHOTO BIUIUBY
MEXaHOXIMIYHOI aKTHBalii MOPTIAHIIEMEHTY Ta HOro BHUTPATH, MEJIEHOro KBAapIIOBOTO IICKY,
cyneprutactudikaropy (B mogansiomy CIT) Ta amopdHOro MikpokpemMHe3eMy (B onansimomy MK)
Ha MIIHICTh Ta CTUPAHICTh OeToHy. JlocmimKyBaBcs BIUIMB YAaCTKOBOI 3aMiHH MOPTIAHILIEMEHTY
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MeJIEHUM KBapIIOBHM ITiICKOM, BUTpaTa KOO y 3MIIIAHOMY B’SKy4OMY BapiroBajacs B Jiama3oHi Bif
0 10 40%. Burpara MK y 3mimanomy B’sbkydoMy BapitoBasiacs B Aianasoni Bif 0 no 10%, a Butpara
CII - Bin 0 no 1% macu nopTianauemMeHTy. Butpara noptinananeMenTy y ckiiaai 6eTOHHOI cyMili
BapiloBanacs B mianasoni Bin 350 g0 450 xr/m°. Tepmin akTuBamii B'sikydoro ckiagas 180 cek.
OnepxkaHi eKCHEPUMEHTAIBHI Pe3yJIbTaTH CBIMUATh MPO MOXIIHMBICTH BapilOBAaHHS PEIENTYPHO-
TEXHONOTIYHUX  (PAaKTOpiB JUIs MIABUILEHHS MIIHOCTI OETOHy Ta 3HIDKEHHS BHTpaTH
MOPTJIAHIIEMEHTY B CKJIaJ{l OETOHHOI CyMiIIIi.

OpepxaHi eKCIIEpUMEHTANIBbHI JJaH1 CBIAYATh MPO 3HAYHHUN BITMB MEXaHOXIMIYHOT aKTHBAIIil
3MIIIAHOTO B’SDKYYOTO Ha MIIHICTH OeToHy. I3 mepepaxoBaHux (hakTOpiB HAWOLIBIINI BIUIMB Ha
MIIIHICTh O€TOHY Ha CTHCK Hajae BuUTpara meneHoro micky ta CII y ckiaai 3MilaHoro B’sKydoro.
JloGaBka MeneHoro kBapioBoro micky (40%) 10 ckiamy 3MIIIAHOTO B’ SKYYOTr0 BUKITUKAE 3HUKCHHS
MinHOCTI O6etony 3 35,1 MIla mo 22,5 MIla (na 35,9%.) B Mapounomy Bimi. 3poctanns surpatu CII
(10 1%) y ckiazi 3MIiIIaHOTO B’SDKYYOTO0 BHKJIMKAE IMTiIBUINCHHS MilfHOCTI 6eTony 3 17 MIla no 28
Mlla (na 64,7%) Ha pannix TepMmiHax TBepAHeHHs Ta 3 35,1 Mlla no 49,7 Mlla (na 41,6%.) B
MapouyHoMmy Biti. Bukopucranus MK (10%) y ckiani 3MimaHoro B’sKy4oro 3a0esnedye BiIHOCHO
HE3HAYHE 3pOCTaHHs MiHOCTI (6,5%) Ha paHHIX TepMiHax TBepaHEHHS Ta (4,6%) y MapouyHOMY Billi
B ITOPIBHSHHI 3 KOHTPOJIEM.

Bukopucranas mexaHoakTHBalii 3abe3mnedye 3pocTaHHA MilnHOCTI OetoHy Ha 62,4% (Ha
paHHIX TepMiHax TBepAHeHHs) Ta 25,1% (y MapoyHOMY Billi) B MOpPiBHSAHHI 3 KOHTposieM. CymicHa
nist mexanoaktuarii (180 cex), mobaBku MeneHOTo KBapmoBoro micky (40%), nobasku MK (10%)
ta 30unbmenns Butpatu CII (1%) y ckiazai 3mimanoro B’sbKy4oro (BUTpaTa noprianaueMeHTy 350
Kr/M%) BUKIMKAa€e 3pOCTaHHS MiHOCTI 6GeToHy Ha ctuck 3 35,1 MIla (xouTtpoms) 1o 41,7 MIla (na
18,8%), 3HkeHHs ctupaHocti 6etony Bin 0,33 (40% wmenenoro micky) 10 0,21 r/cm? Ta 3HMKeHHS
BUTpATH NOPTIaHIEMenTy 3 350 kr/M° (koHTpoIb) 10 189 kr/m® (Ha 46%).

KirouoBi cioBa: MexaHOAaKTHBallis, MOPTJIAHILEMEHT, MEJEHUH KBApIIOBHM ITICOK,
cynepriactugikaTop, MIKpOKpeMHE3eM, OETOH.
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