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ABSTRACT

The article presents the third stage of the study results of a complex modified additive (CMA), in
the accuracy of the influence of the variable ingredients of CMA on the strength of cement. This
article shows the methodology of making samples, the selection of additive composition at
different percentages of components, and the analysis of the strength behavior of the obtained
results. To evaluate the changes in strength, samples were made and tested in compression and
bending at 7, 14, and 28 days of normal-moist hardening. The results of the experiment showed
that the addition of plasticizers (PAB) reduces the quantity of water - 35%, by increasing the
strength of concrete by 20%. Compressive and bending strength results of the modified samples
showed the best results, which were in the range of 42.80-63.66 MPa and 3.34-8.75 MPa,
compared with the control composition. From the results of the research, the additive accelerates
hardening and it was found that the additive contributes to the growth of strength, both at an
early age and at the design age (28 days). The results of the experiment showed that from the
standpoint of improving the qualitative characteristics of the samples, the use of plasticizers is
appropriate. The use of CMA in the composition of concrete increases the strength, and therefore
developed by the authors of CMA changes the structure of concrete and most importantly,
increases the physical and mechanical characteristics of concrete.

Keywords: concrete, cement-sand mortar, complex modified additive, post-alcohol bard,
plasticizer, hardening accelerator, bending strength, compressive strength.
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Introduction

[1]. Several articles [[2], [3], [4], [5]] discuss these
problems in detail and analyze current solutions.
Nevertheless, the task of accelerating the set of

The main objectives of modern construction are  standard strength of concrete and preserving its
to reduce the time required for the manufacture of  high-strength properties is relevant [6].

concrete and reinforced concrete products and The basis of modern concrete technology is the
accelerate the set of s tandard concrete strengths creation of  high-quality artificial  stone,
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characterized by high dispersion, a small
imperfection, and structural stability. Improving the
quality of concrete compositions can be achieved
both through the use of chemical additives and by
using local components to create a new generation
of concrete, which is a very urgent task of concrete
technology. New generation concrete is a high-tech,
high-quality, multicomponent concrete mixes and
compositions with additives that retain the required
properties during operation in any conditions. The
growth of multicomponent concretes is due to
significant systemic effects that allow controlling the
formation of the structure at all stages of the
technology, ensuring the production of composites
of «directional» quality, composition, structure and
properties [[7], [8], [9], [10], [11], [12], [13]].

Concrete hardening can be intensified using
several methods, including effective complex
chemical additives [[14], [15]]. Of practical concern
are multifunctional additives that act as effective
plasticizers of concrete mixtures and increase the
strength of concrete in the early stages of hardening
([16], [17], [18]].

Post-alcohol bard (PAB) - additives are the
cheapest, suitable for all types of cement, for
monolithic and precast construction from mortar
and concrete, for heavy and lightweight concrete,
and reinforced concrete, while increasing: strength,
density, resistance, resistance,
durability, protection against corrosion, and
improve the environment.

The aim of the research is to develop a CMA and
study its influence on the physical and mechanical
characteristics of cement structures. During the
research a complex of laboratory tests to evaluate
the physical and mechanical characteristics of
samples with subsequent comparative analysis of
changes in the qualitative characteristics of cement
and the influence of a modifier on it has been carried

frost water

out. This article provides part of the research results
(third stage), on the accuracy of determining the
influence of a varying mixture of CMA on the
strength.

In order to achieve this goal, the following tasks
were accomplished:

1. Selection of additive composition at different
% ratios of its ingredients;

2. Laboratory preparation of samples of
different combinations of additive components;

3. Laboratory studies of strength behavior of
test samples;

4. Analysis of the obtained results.

Experimental technique

For the study were used materials that comply
with the requirements and standards.

Cement. The raw materials were taken in
accordance with the geographical location of the
producers, and quality indicators of the material.
Portland cement M400 type CEM | 42,5 H was
accepted by «Kokshe-Cement» products, due to the
availability of this binder.

Fine aggregate. As the fine aggregate used
standard polyfractional sand (for the purity of the
experiment) corresponding to the requirements of
GOST 6139-2003 «Sand for testing of cement».

Modifying additive. Post-alcohol bard - PAB
(main component) - ethanol production waste,
meets the requirements of Technical Specifications
1110 RK 00393896-01-2003, in quantities of 2.5%,
5.0%, 7.5%, 10%, multiple of 2.5%. The product is
supplied in liquid form, producer - JSC «Aydabulsky
distillery». Hardening accelerant - gypsum,
accelerating the process of hardening, in quantities
of 1%, 1.5%, 2.0% and 2.5%, multiple of 0.5%.

The methodology of the experimental work
consisted in carrying out successive
operations to create prepare
mixtures, molding standard (40x40x160 mm) beam
samples, and test the obtained samples on special
equipment, data processing, and analysis. In the
third stage, the individual influence of CMA on the
strength of cement stone was studied. Compressive
and bending strength was determined following
GOST 30744-2001 «Cements. Test methods with
polyfractional sand» at the age of 7, 14, and 28 days
on the equipment Press Automatic Pilot, the total
compressive load of 500 kN (50 tons). Material
consumption of samples (necessary for measuring
the compressive and bending strength) of cement
mortar is given in Table 1.

several
compositions,
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Table 1 — Composition of samples

Number Type Cement, g Sand, g Gypsum, g PAB, g Caustic Water, g
soda, g
1 Type 1 450 1350 - - - 180
Reference
sample

2 Type 2-1 4455 1350 4.5 11.25 0.5625 168.1875
3 Type 2-2 445.5 1350 4.5 225 1.125 156.375
4 Type 2-3 445.5 1350 4.5 33.75 1.6875 144.5625
5 Type 2-4 4455 1350 4.5 45 2.25 132.75
6 Type 3-1 443.25 1350 6.75 11.25 0.5625 168.1875
7 Type 3-2 443.25 1350 6.75 22.5 1.125 156.375
8 Type 3-3 443.25 1350 6.75 33.75 1.6875 144.5625
9 Type 3-4 443.25 1350 6.75 45 2.25 132.75
10 Type 4-1 441 1350 9 11.25 0.5625 168.1875
11 Type 4-2 441 1350 9 22.5 1.125 156.375
12 Type 4-3 441 1350 9 33.75 1.6875 144.5625
13 Type 4-4 441 1350 9 45 2.25 132.75
14 Type 5-1 438.75 1350 11.25 11.25 0.5625 168.1875
15 Type 5-2 438.75 1350 11.25 22.5 1.125 156.375
16 Type 5-3 438.75 1350 11.25 33.75 1.6875 144.5625
17 Type 5-4 438.75 1350 11.25 45 2.25 132.75

Results and Discussion

The selection of additives was based on the basic
mechanism of action. The compound-modified
additive includes gypsum, post-alcohol bard, and
caustic soda (NaOH). The proposed additive has no
analogs and is different in its quantitative
composition of components. Application of caustic
soda (NaOH index changes with the change in the
guantitative index of post-alcohol bard) in
combination with post-alcohol bard stabilizes its
hydrogen index, approaching a neutral
environment. The main plasticizing component is
post-alcohol bard, which also has hydrophilic-
hydrophobic  properties. The influence of
consumption of PAB to 10% demonstrated the
expediency of this range, i.e. by optimizing the
composition the maximum optimal range was
determined. Earlier studies confirm the features of
each component, and the complex synergistic effect
is achieved [[19], [20]].

Studies have shown that concrete samples with
the additive (PAB), when interacting with water, are
not destroyed, indicating the effectiveness of this

modifier. PAB, which is part of the complex modifier
contains casein, which when interacting with the
fine aggregate of concrete polymerizes, making
additional contact films that improve the resistance
of the material to the effects of water.

The object of the study was a cement-sand
mortar at a constant w/c ratio = 0.4 based on
unadded cement M400 (Kokshe-Cement) and using
polyfractional sand packaged by 1350 grams. Figure
1 represented the test results of the strength of Type
1 (without additive composition) and with CMA, in
the period of hardening 7, 14, and 28 days.

Figure 1 presents a diagram of the change in
compressive strength of the tests as a function of
curing time.

The reference samples of type 1 (without the
use of additives) showed the lowest strength in all
curing times (7, 14, and 28 days). The average
strength points ranged from 22.11 to 40.83 MPa.

Samples of type 2-1 showed strength points
higher than those of type 1 reference samples by
9.9% (7 days), 5.1% (14 days), and 4.8% (28 days),
but 5.3% (7 days), 2.4% (14 days) and 4.8% (28 days)
lower than those of type 2-2. The average strength
points ranged from 24.3 to 42.8 MPa.
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Figure 1 - Plots of growth of compressive strength of the tested samples: 7-day (a), 14-day (b), and 28 days (c)

Samples of type 2-2 showed strength points
higher than those type 1 reference samples by
16.05% (7 days), 7.8% (14 days), and 10.1% (28
days), but 7.7% (7 days), 8.9% (14 days) and 6.1% (28
days) lower than those of type 2-3. The average
strength points ranged from 25.66 to 44.97 MPa.

Samples of type 2-3 showed strength points
higher than those type 1 reference samples by 25.8%
(7 days), 18.4% (14 days), and 17.3% (28 days), but
4.2% (7 days), 4.8% (14 days) and 2.5% (28 days)
lower than those of type 2-4. The average strength
points ranged from 27.82 to 47.91 MPa.

Samples of type 2-4 showed strength points
higher than those of type 1 reference samples by

31.4% (7 days), 24.3% (14 days), and 20.4% (28
days), but 8.5% (7 days), 1.7% (14 days) and 1.8% (28
days) lower than those of type 3-1. The average
strength points ranged from 29.07 to 49.17 MPa.

Samples of type 3-1 showed strength points
higher than those of type 1 reference samples by
43.8% (7 days), 26.6% (14 days), and 22.7% (28 days)
but 4.4% (7 days), 5.1% (14 days) and 4.4% (28 days)
lower than those of type 3-2. The average strength
points ranged from 31.8 to 50.11 MPa.

Samples of type 3-2 showed strength points
higher than those of type 1 reference samples by
50.5% (7 days), 33.5% (14 days), and 28.4% (28
days), but 3.3% (7 days), 2.3% (14 days) and 2.7% (28

8
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days) lower than those of type 3-3. The average
strength points ranged from 33.29 to 52.43 MPa.

Samples of type 3-3 showed strength points
higher than those of type 1 reference samples by
55.8% (7 days), 36.7% (14 days), and 32.1% (28
days), but 5.5% (7 days), 3.4% (14 days) and 2.3% (28
days) lower than those of type 3-4. The average
strength points ranged from 34.46 to 53.94 MPa.

Samples of type 3-4 showed strength points
higher than those of type 1 reference samples by
64.9% (7 days), 41.6% (14 days), and 35.2% (28
days), but 1.8% (7 days), 1.4% (14 days) and 1.5% (28
days) lower than those of type 4-1. The average
strength points ranged from 36.47 to 55.23 MPa.

Samples of type 4-1 showed strength points
higher than those of type 1 reference samples by
67.9% (7 days), 43.6% (14 days), and 37.4% (28
days), but 6.5% (7 days), 5.6% (14 days) and 4.8% (28
days) lower than those of type 4-2. The average
strength points ranged from 37.14 to 56.14 MPa.

Sample type 4-2 showed strength points higher
than those of type 1 reference samples by 79.7% (7
days), 52.5% (14 days), and 44.4% (28 days), but
4.9% (7 days), 3.2% (14 days) and 2.8% (28 days)
lower than those of type 4-3. The average strength
points ranged from 39.75 to 58.96 MPa.

Sample of type 4-3 showed strength points
higher than those of type 1 reference samples by
89.1% (7 days), 57.4% (14 days), and 48.7% (28
days), but 0.8% (7 days), 2.4% (14 days) and 1.6% (28
days) lower than those of type 4-4. The average
strength points ranged from 41.83 to 60.72 MPa.

Samples of type 4-4 showed strength points
higher than those of type 1 reference samples by
90.8% (7 days), 61.4% (14 days), and 51.2% (28
days), but 0.9% (7 days), 0.2% (14 days) and 0.2% (28
days) lower than those of type 5-1. The average
strength points range from 42.19 to 61.74 MPa.

Samples of type 5-1 showed strength points
highest than those of type 1 reference samples by
92.6% (7 days), 61.8% (14 days), and 53% (28 days),
but 0.3% (7 days), 1.4% (14 days) and 0.2% (28 days
lower than those of type 5-2. The average strength
points ranged from 42.6 to 62.48 MPa.

Samples of type 5-2 showed strength points
highest than those of type 1 reference samples by
93.3% (7 days), 64.1% (14 days), and 53.4% (28
days), but 1.1% (7 days), 1.4% (14 days) and 0.3% (28
days) lower than those of type 5-3. The average
strength points ranged from 42.75 to 62.66 MPa.

Samples of type 5-3 showed strength points
highest than those of type 1 reference samples by

95.5% (7 days), 64.4% (14 days), and 53.9% (28
days), but 1.4% (7 days), 0.1% (14 days) and 1.2% (28
days) lower than those of type 5-4. The average
strength points ranged from 43.24 to 62.87 MPa.

Samples of type 5-4 showed strength points
highest than those of type 1 reference samples by
98.5% (7 days), 64.7% (14 days), and 55.9% (28 days)
than type 1 samples. The average strength points
ranged from 43.89 to 63.66 MPa.

The analysis of the results of the conducted
experiments has shown that in types 2-1 - 5-4, the
compressive strength limit is within 42.8-63.66 MPa
(28 days), and for the reference type 1 is 40.83 MPa,
that is, this figure is 1.5 times greater than for the
sample of type 1. According to the results, the
hardening process occurs not only in the initial
stages, but also continues to gain strength evenly in
the subsequent time and to a greater extent
increases the mass strength, which positively
characterizes the samples with the use of CMA. It is
likely that such differences in the effect on cement
stone with CMA, are due to different mechanisms of
action. When comparing the strength index of the
sample prepared according to the sample, equal to
40.83 MPa, with the proposed compositions, which
were between 42.8-63.66 MPa, it can be assumed
that the samples of types 2-1 to 5-4 are of higher
quality. The highest strength is observed when using
the amount of additive in the amount of 2.5-7.5% of
the weight of cement. This difference is explained by
the modifying effect of CMA on the dispersive and
morphological content of the new cement stone
compounds. At the same time, the modified
structure has a higher resistance to destruction.

As a consequence of the data obtained, it can be
stated that the samples using CMA had a higher
strength on day 7 - 24.3-43.89%; on day 14 -34.5-
54.04% and on day 28 - 42.8-63.66% when
compared with the reference sample. These results
state that CMA increases the rate of strength gain in
the early periods of hardening and contributes to
high strength. Studies have shown that
compositions containing 2.5 to 10% additives are the
most effective, allowing for a 20% increase in the
strength of the concrete. The compressive strength
of such samples exceeds the value of strength
without additive stone by 26.63%. The analysis of
the obtained results shows that a positive effect on
the kinetics of hardening has CMA on 7, 14, and 28
days of hardening, in contrast to the analog. These
results state that CMA increases the rate of strength
gain and contributes to high strength.
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Figure 2 shows a diagram of the change in
bending strength of the samples as a function of
curing time. Analysis of the diagram shows that the
strength of the samples increases smoothly and
uniformly. Research of samples carried out with
CMA increases the strength by 15-20%.

The results of behavioral studies on the bending
strength of samples at 28 days of age were for:

Type 1. The test results of the reference sample
were R = 5.5 MPa. The bending strength gain was 0
%.

Type 2-1. Test results of the samples with the
added CMA amounted to R= 5.88 MPa. The strength
gains increased by 6.9% compared to the control
composition (reference sample).

Type 2-2. Test results of the samples with the
added CMA amounted to R=6.18 MPa. The strength
gain increases by 12.36% compared to the control
composition.

Type 2-3. Test results of the samples with the
added CMA amounted to R= 6.59 MPa. The strength
gain increases by 19.81% compared to the control
composition.
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Type 2-4. Test results of the samples with the
added CMA amounted to R=6.76 MPa. The strength
gain increases by 22.9% compared to the control
composition.

Type 3-1. Test results of the samples with the
added CMA amounted to R=6.89 MPa. The strength
gain increases by 25.27% compared to the control
composition.

Type 3-2. Test results of the samples with the
added CMA amounted to R=7.21 MPa. The strength
gain increases by 31.09% compared to the control
composition.

Type 3-3. Test results of the samples with the
added CMA amounted to R=7.41 MPa. The strength
gain increases by 34.72% compared to the control
composition.

Type 3-4. Test results of the samples with the
added CMA amounted to R=7.59 MPa. The strength
gain increases by 38% compared to the control
composition.

Type 4-1. Test results of the samples with the
added CMA amounted to R=7.72 MPa. The strength
gain increases by 40.36% compared to the control
composition.
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Figure 2 - Bending strength of samples at 7, 14, and 28 days
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Type 4-2. Test results of the samples with the
added CMA amounted to R=8.11 MPa. The strength
gain increases by 47.45% compared to the control
composition.

Type 4-3. Test results of the samples with the
added CMA amounted to R= 8.35 MPa. The strength
gain increases by 51.81% compared to the control
composition.

Type 4-4. Test results of the samples with the
added CMA amounted to R= 8.49 MPa. The strength
gain increases by 54.36% compared to the control
composition.

Type 5-1. Test results of the samples with the
added CMA amounted to R= 8.59 MPa. The strength
gain increases by 56.18% compared to the control
composition.

Type 5-2. Test results of the samples with the
added CMA amounted to R=8.61 MPa. The strength
gain increases by 56.54% compared to the control
composition.

Type 5-3. Test results of the samples with the
added CMA amounted to R= 8.64 MPa. The strength
gain increases by 57.09% compared to the control
composition.

Type 5-4. Test results of the samples with the
added CMA amounted to R= 8.75 MPa. The strength
gain increases by 59.09% compared to the control
composition.

The highest strength values were achieved in the
compositions from 3-1 to 5-4 with an additive
content of 2.5 to 7.5% of the cement weight. The
highest bending strength at the age of 28 days,
reaching 8.75 MPa, was obtained for the
composition 5-4 (Figure 2). A slight increase in
strength was observed in the bending test of beam

samples made from types 5-3 and 5-4. Statistical
analysis of the bending strength characteristics also
showed a close relationship and relatively high
convergence of individual values. In this case, the
coefficient of variation does not exceed 14%; with a
95% confidence probability, the reliability
coefficients do not exceed 1.17.

When the dose of CMA is increased, there is a
qualitative change in the effect on strength and
intensive growth of strength. In samples with
different percentages of CMA (or without), the
benefit of a certain amount of CMA on strength was
clearly illustrated in Figures 1 and 2. During the
curing process, additives have a significant effect on
the bending properties of the samples, creating a
strong framework in the structure, which explains
the subsequent maximum increase in performance.
Thus, based on the tests conducted, it was found
that with the addition of CMA in the cement
composition, the strength of samples tested in
compression and bending, increases.

Figure 3 shows the data on the ratio of the
compressive and bending strength at the age of 28
days of binders with different compositions
described by the dependence R, = 0,128 R"‘!
and characterized by the highest value of indicator
R?=0,9992, which shows a close correlation
between values of compressive strength and
bending strength. Thus, in terms of achieving the
best results on the ratio of the compressive strength
and bending strength, it is advisable to consider the
composition of the binder with an additive ranging
from 2.5 — 7.5% (post-alcohol bard) at a ratio of
gypsum from 1 to 2%.
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Figure 3 - Ratio of compressive and bending strengths
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Conclusion

The following conclusions can be made based on
the results of experimental research that the
complex modified additive (CMA) shows a better
water-reducing action than the composition with no
additive (type 1). Based on the results of the study,
the authors determined that the addition of
additives reduces the quantity of water by 35%, and
therefore increases the strength of the finished
concrete. The results of the compression strength of
the reference sample equal 40.83 MPa with the
proposed compositions, which was in the range of
42.8-63.66 MPa, we can assume that the modified
samples of types 2-1 - 5-4 are of higher quality. And
in the case of bending strength at 28 days of age,

reaching 8.75 MPa, the highest figure was obtained
for the composition 5-4.

Analyzing the obtained dependencies, we can
conclude that for this type of additive, the maximum
effect is observed at a concentration of 2.5-7.5 %
(post-alcohol bard). The additive showed an optimal
positive effect, so the use of this percentage of
additive is most effective in increasing the
compressive and bending strength of concrete.
Thus, according to the results of the research, the
positive effect of CMA activation was established.
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!AntbiH6ekoBa A.[., JlyknaHos P.E., ' Oiocembunos A.C., 'Ackepbekosa A.M.,

2T'yHacekapaH Mypanu

1/1.H. l'ymunee amoiHOarbl Eypasusa yammelk yHusepcumemi, AcmaHa, KasakcmaH

23epmmey HaHe UHHO8AUUA Kagedpacsl, Ymmaparyan yHusepcumemi, AexpadyH 248007, YHAicmaH

TYWIHAEME

MakKanaga KeweHai moamoukaumuanaHFaH KOCNaHbl 3epTTey HATUKENEPIHIH, YIWiHLWI Ke3eHj, AFHN

OCbl KOCMa KOMMOHEHTTEepiHiH, aybicnanbl KypambliHbIH, LLleMeHTTiH bepiKTiriHe acepi KenTipinrex.

Byn XymbICTa yarinepai kacay agictemeci, KOMMNOHEHTTEPAiH, ap TYpPAi Naibi3biHAAFbI KOCMAHbIH,

KYPamblH TaHAay JKaHe asblHFaH HaTuxkKenepdiH 6epikTik cunaTTamanapbiHbiH, Tangaybl

KepceTinreH. bepikTikTeri e3repicTepai 6afanay ywiH yarinep aavibiHaansin, onapabiH, 7, 14 kaHe

28 ToyniKTe Ka/biNTbl biAFaNAblNblKTa KaTalo KesiHA4e KbiCybl MEH Minyi cbiHanfaH. Taxipube

Makana kengj: 13 Keipkyliek 2022
CapanTtamagaH eTTi: 14 kapawa 2022
Kabbinganabl: 30 kaHmap 2023

HaTMXKenepi KepceTKeHAeW, Kocnanapabl — nnactudukatopnapabl (CNUMPTTEH KeWiHri TenTe)
KOCKaHAa CyablH, MeswepiH 35%-fa aeiiH TomeHaetesi, 6eToHHbIH 6epikTiriH 20%-Fa apTTbipaapbl.
MopguduKaumanaHraH yArinepain, Kbicy skaHe niny 6epikTiriHiH, HaTUXKenepi 6akblnay KypambiMeH

canbicTbipFaHga 42,80-63,66 MMa kaHe 3,34-8,75 MMa apanbifblHaa 6GONFaH €H, XaKCbl

HaTUXKeNepai KepceTTi. 3epTTey HaTUKenepi 6olbIiHIWA KOCNaHbIH KaTalobl Tesaeneai *KaHe Kocna

6ETOHHbIH, epTe KacblHAA A3, }KaHe }0basblK acTta Aa (28 KyH) BepIKTIKTIH, ecyiHe biknaa eTeTiHi

aHblKTanapl. Taxipube HaTUKeNepi yATINepAiH cananblK CMNATTaMaNapbIH KaKCapTy TYPFbICbIHAH

nnacTMOMKATOPAbIK Kocnanapabl KOMLaHy OpblHAbl EeKeHiH KepceTTi. BeToH KocnacbliHaa

nnactudukaTopnapapl KongaHy ayblp 6eTOHHbIH TO3IMAINIrH KaHe BGepiKTiriH anTap/biKTan

apTTbipagbl. Jemek, Kypaeni TYpAeHAipeTiH KocnaHbl KonaaHy 6ETOHHbIH, KYPbIbIMbIH MaKcaTTbl

TYPAE ©3repTyre »KoHe CON apKblibl GU3MKANbIK-MEXAHUKA/bIK MapamMeTp/iep KELEHIH KaHe

moambukaumanaHFaH 6eToHHbIH BEPIKTIriH aiTapAbliKTal apTTbipyFa MYMKIHAIK 6epeai.

TyiiiH ce30ep: 6ETOH, LeMEeHT-KYMHbIH, epiTiHAiCi, KaTalo yAeTKiwi, cnupTTeH KeliHri Ten (bapaa),

KelweHai moambukaumanaHFaH Kocna, naactuduKkaTop, niny 6epikriri, cbifblny 6epiKkTiri.
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BauaHue mogudunumpoBaHHoit 4o6aBKKM Ha OCHOBE NocaecnUpPToBoM 6apabl Ha

NPOYHOCTHbIE XapaKTepPUCTUKK 6eToHa

IAnTbiH6ekoBa A.[., Nlyknanos P.E., : Aiocemburos A.C., 'Ackepbekosa A.M.,
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AHHOTALMUA

B craTbe npeacTtaBneH TPeTM  3Tam  pPe3ynbTaTOB  WMCCAEAOBAaHWMA  KOMIMJIEKCHOWM
moamounumposaHHoi gobasku (KMJ), B TOYHOCTM BAMAHMSA BapnaTUBHOMO COCTaBa KOMMNOHEHTOB
[06aBKM Ha MapouyHyl NPOYHOCTb LemeHTa. B gaHHOW paboTe nokasaHa MmeTomonorus
BbINO/NIHEHMA 06pa3uoB, nNoabop coctaBa A06aBKM MpU PasHOM MPOLLEHTHOM COOTHOLIEHWUW
KOMMNOHEHTOB U aHa/N3 MPOYHOCTHbIX XapPaKTEPUCTUK MOJIYyY4EHHbIX Pe3ybTaToB. ﬂ,ﬂﬂ OLLEHKM
WN3MEHEHWUI MPOYHOCTU BbINN M3roTOBAEHbI 06Pa3Lbl U UCMbITAHbI Ha CKaTWe M M3rMb B BO3pacTe
7, 14, n 28 cyTOK HOPMa/IbHO-BNAXKHOCTHOTO TBepAeHUA. Pe3ynbTaTbl 3KCNepMMeHTa nokasanu,
yTO BBeAeHue fobaBoK - NiacTuounKkaTopos (NnocnecnupTtoBan b6apaa) CHUXKAET KOMYECTBO BOAbI
[0 35%, nosblwan Npo4YHOCTb 6eToHa Ha 20%. Pe3ynbTaTbl MPOYHOCTM Ha CXaTue M u3rmbe
MOAMOULMPOBAHHBIX 06pasLoB MOKasanu HawuayyliMe pesy/ibTaTbl, KOTOpble HaxoAWAWUCb B
AunanasoHe 42,80-63,66 MMMa u 3,34-8,75 MIMa, no cpaBHEHUIO C KOHTPOJIbHbIM cocTaBom. W3
pe3ynbTaToB WccnefoBaHMI fobaBKa, yCKOpseT TBepAeHuMe W YCTaHOB/AEeHO, 4YTo fobaBKa
cnocobCcTBYET POCTY MPOYHOCTH, KakK B paHHeM BO3pacTe, Tak U B NPOEKTHOM Bo3pacTe (28 cyTok).
Pe3ynbTaTbl 3KCNEPUMEHTA NOKA3a/u, YTO C MO3ULMIA NOBbILWEHNA KAYeCTBEHHbIX XapaKTEPUCTUK
06pasyoB MNpuMMeHeHWe naacTuouumpyowmnx afobaBok uenecoobpasHo. Mcnonb3oBaHue
nNacTMduKaTopoB B HETOHHOW CMecUM 3HAYUTENIbHO MOBbIWAET CTOMKOCTb M [0/TOBEYHOCTb
TAXenoro 6etoHa. CnepoBaTenbHO, NPUMEHEHUE KOMMNEKCHOW moaunduumpytowein aobasku
No3BO/IAET LieIeHanpaBeHHO U3MEHUTb CTPYKTYPY BETOHA U TEM CaMbIM 3HAYUTENIbHO YBENWUYUTD
KomMnieKc GU3MKO-MeXaHMYECKUX NOKasaTenel u LONTOBEYHOCTb MOANPULMPOBAHHBIX GETOHOB.
Kniouesbie cnoea: 6eTOH, LeMEHTHO-NeCcYaHblil PacTBoOp, YCKOPUTENb TBEPAEHWUA, KOMMNIEKCHas
moavounumpyowas gobaska, nocnecnuprosan bapaa, naactuduKaTop, NPOYHOCTb NpU U3rube,
NPOYHOCTb Ha CXKaTue.
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