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ABSTRACT

The article presents part of the results of the study of the components of foam concrete made by
the two-stage foam injection method, in particular, the influence of microsilica and post-alcohol
bard on the setting time and strength of cement. The paper shows the methodology for
determining the compressive and flexural strength, selection of the composition of components,
analysis, and evaluation of setting times, and strength characteristics of the compared samples.
During the study, laboratory experiments were performed to better understand how these
additives affect the behavior of cement mixtures. The studies carried out allow us to determine
the influence of the modified additive components on the properties of foamed concrete during
the production process. The setting time analysis presented in the study revealed that increasing
the concentration of the additive significantly reduced the setting time performance of cement.
With increasing the content of microsilica and post-alcohol bard at 10% and 30% of the cement
weight, the setting initiation and completion times are significantly reduced. To evaluate the
change in strength, samples were made and tested in compression and flexure at ages of 3, 7, 14,
21, and 28 days of normal moisture curing. According to the results, it was found that the
additive, by accelerating the curing, promotes strength improvement both at an early age and at
the design age (28 days). The experimental results showed that the flexural and compressive
strength of the material increased as the concentration of the additive increased. The maximum
increase in flexural and compressive strength was recorded at additive concentrations of 10%
and 30%. This indicates the important role of additives in the strengthening of materials and
their potential application in construction. The additive showed an optimum positive effect,
therefore, the use of this percentage of additive is the most effective for increasing the
compressive and flexural strength of concrete.

Keywords: foam concrete, modified additive, microsilica, post-alcohol bard, setting time,
strength characteristics.
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Introduction

The production of construction materials plays
a key role in the economy and provides raw
materials for the construction industry, which has a
high contribution to the total output. In this area,
not only the creation of new building materials is
actively researched, but also the search for ways to

improve the environmental aspects of production,
including the utilization of man-made waste and its
recycling in building composites.

In modern construction, ensuring the high
strength and durability of materials plays a
fundamental role. In this context, cement and its
compositions, such as foamed concrete, represent
some of the most important building materials that
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are widely used in various industries. Foamed
concrete, due to its lightness, thermal insulation
properties and resistance to collapse, is a popular
choice for creating a variety of building structures
and products. However, its properties and
characteristics can be significantly improved with
the use of various additives [[1], [2], [3], [4], [5]].

Cellular materials, including foamed concrete,
occupy a special place in modern construction due
to their outstanding thermal insulation properties
and suitability for low-lying buildings. This is
particularly important from an environmental and
resource efficiency perspective, as improved
thermal insulation helps to reduce the consumption
of fuel, energy, and natural materials. However, the
foam concrete production process includes a
worrying problem - the short-lived nature of the
foam. This means that there is a need to develop
ways to extend the life of foam concrete, and one
such method is foam stabilization. There are many
methods of foam stabilization, but one of the most
promising approaches is the use of special
additives. These additives help to increase the
stability of the foam and ensure a longer service life
(61, (71, [811.

It is important to note that the variety of such
stabilizing additives and their application methods
allow finding the best solutions to strengthen the
foam, which ultimately improves the quality and
reliability of foam concrete structures. The rapid
development of this area of research provides the
construction industry with innovative solutions that
help to reduce environmental impact and improve
energy efficiency [[9], [10], [11], [12], [13]].

An important task is the research and
optimization of compositions of construction
composites using secondary materials, such as
technogenic wastes and products of their
processing. This makes it possible to create more
environmentally sustainable and efficient building
materials, contributing to resource-saving and
reducing the impact on nature. This approach
promotes the development of innovative solutions
in the construction industry and strengthens its
position in the field of sustainable development.
Research into construction composites and their
formulations continues to evolve, introducing new
technologies and approaches to improve the quality
and environmental performance of building
materials. This ensures not only economic growth
but also contributes to the environmental
sustainability of the industry [[14], [15], [16]].

In recent years, many researchers have
obtained and published data showing that the

combination of fine aggregate and superplasticizer
provides a synergistic effect in concrete, allowing to
obtain the best strength results [17]. Today, both
builders and researchers are very interested in the
use of ferroalloys production waste - microsilica in
concrete. The positive effect of microsilica as a fine
active mineral additive and the necessity of its use
in concrete in combination with superplasticizer
was described in publications about 40 years ago
[[18], [19], [20]].

The main objective of this work is to
methodically analyze the effect of microsilica and
post-alcohol bard on the setting time and strength
of foam concrete. For this purpose, a study was
carried out, which included measuring the
compressive and flexural strength of foam concrete
samples with different concentrations of these
additives. The results of these studies are presented
in tables and graphs, which allow us to compare the
strength characteristics of different samples and
analyze their dependence on the concentration of
additives.

Experimental technique

Cement. Cement provided by Kokshe Cement
LLP - CEM | 42.5 N was used for this study. This
cement, known for its high quality characteristic,
represents the main component in the process of
foamed concrete production. It was used as a base
material for all the compositions subjected to the
study.

Components of the modified additive:

Microsilica: To investigate the effect of
microsilica on the properties of foamed concrete,
amounts of 10%, 20%, and 30% were used. These
different percentages of microsilica allowed the
evaluation of its effect on the performance of
foamed concrete.

Post-alcohol bard: To study the effect of post-
alcohol bard on the properties of foamed concrete,
quantities of 2.5%, 5.0%, 7.5%, and 10% were used.
The variety of bard content allowed the evaluation
of different levels of effect on the final material
characteristics.

As part of the modified additive study,
component tests are performed in two phases,
which represent key steps in determining
effectiveness and functionality.

In the first stage, the setting time of cement
dough using the modified additive is evaluated.
Setting time reflects the speed and nature of the
cement mixture curing process. It is an important
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parameter that determines the possibility of
concrete application in specific conditions and
production processes. The study of the setting time
of cement batter in the first stage is an important
step in evaluating the effectiveness and
functionality of the modified additive. The obtained
results will serve as a basis for further optimization
of the additive composition and ensuring the
required time characteristics in the production of
foam concrete.

The second stage involves the evaluation of the
strength characteristics of concrete containing the
modified additive. The tests are aimed at
determining the mechanical properties of concrete
such as compressive and flexural strength. These
parameters are key to assessing the quality and
reliability of concrete structures. A comprehensive
study of the components of the modified additive
on cement setting time and strength properties
provides a complete picture of the effect of the
additive on foam concrete mixtures. These steps
provide the necessary information to optimize the
additive composition, reference curing processes
and achieve the required mechanical properties of
concrete.

The research involves the following sequence of
activities (Figure 1):

1. Sampling of different types of samples with
different percentages.

2. Preparation of samples for testing.

3. Determination of setting time using the
methodology provided in GOST 310.3-76.

4. Preparation of sample beams of standard size
(40x40x160 mm) in an amount of not less than 6
pieces for each of the compared types.

5. Tests on the strength of sample beams
according to the methodology established in GOST
10180, including tests in bending and compression,
in order to assess the mechanical properties of the
material.

6. Analysis of test results.

A comparison of the results of laboratory tests
was carried out for the compositions:

Type 1: Reference sample without additive,
standard composition according to GOST 30744-
2001;

Type 2:
microsilica);

Type 3: Sample with additive (20% microsilica);

Type 4: Sample with additive (30% microsilica);

Sample with additive (10% of

Type 5: Sample with additive (2.5% post-alcohol
bard);

Type 6: Sample with additive (5% post-alcohol
bard);

Type 7: Sample with additive (7.5% post-alcohol
bard);

Type 8: Sample with additive (10% post-alcohol
bard).

Phase 1: Evaluation of the setting time of
cement dough

In the first phase of the study, the components
of the modified additive including post-alcohol bard
and microsilica in different percentages were tested
in order to evaluate and establish the setting time
of the cement dough. The tests were carried out by
preparing cement tests with different proportions
of post-alcohol bard and microsilica as part of the
modified additive. Then, the time required for the
initiation and completion of the setting process of
the cement mixture was measured. For this
purpose, standardized methods and equipment
were used to ensure the accuracy and reliability of
the data obtained.

The aim of this study is to carry out a
comparative evaluation of the effect of the
modified additive on the setting time of cement
dough.

The results of the tests made it possible to
determine the effect of different proportions of
post-alcohol bard and microsilica on the setting
time of cement dough. The optimum ratios of the
additive components were identified which
provided the desired setting rate of the cement
mixture within the required parameters for the
production of foamed concrete. Table 1 with the
technological composition of samples for the
production of foam concrete with different
proportions of components (cement, water,
microsilica, and post-alcohol bard) is given below.

Phase 2: Evaluation of strength properties

In the second phase of the study, the
components of the modified additive including
post-alcohol bard and microsilica in different
percentages were tested to evaluate their effect on
the flexural and compressive strength properties of
the cement dough. The data obtained were
analyzed and comparatively evaluated to determine
the effect of different percentages of additive
components on the strength characteristics of
cement dough.

—— 94 ——



KomnneKkcHoe Mcnonb3zosaHne MuHepanbHoro Coipbsi. Ne3(330), 2024

ISSN-L 2616-6445, ISSN 2224-5243

Table 1 — Technological composition of samples

Sample Cement, g Water, g Microsilica, g Post-alcohol bard, g
Type 1 350 98.0 - -

Type 2 245 98.0 35 (10 %) -

Type 3 280 98.0 70 (20 %) -

Type 4 315 98.0 105 (30 %) -

Type 5 350 88.82 - 8.75 (2.5 %)

Type 6 350 79.63 - 17.50 (5.0 %)

Type 7 350 70.44 - 26.25 (7.5 %)

Type 8 350 61.25 - 35.0 (10.0 %)

Table 2 — Technological composition of samples

Sample Cement, g Sand, g Water, g Microsilica, g Post-alcohol bard, g
Type 1 450 1350 180.0 - -

Type 2 324 1350 180.0 45 (10 %) -

Type 3 360 1350 180.0 90 (20 %) -

Type 4 405 1350 180.0 126 (30 %) -

Type 5 450 1350 88.82 - 168.18 (2.5 %)

Type 6 450 1350 79.63 - 156.37 (5.0 %)

Type 7 450 1350 70.44 - 144.56 (7.5 %)

Type 8 450 1350 61.25 - 132.75 (10.0 %)

a)

b)

Figure 1 - Testing of samples: a) setting time of cement dough, Vika device;
b) preparation of standard-sized beam samples; c) strength testing of samples, Press Automatic Pilot

Evaluation of the strength characteristics of
cement dough in bending and compression allows
us to optimize the composition of the additive and
achieve the required strength for the production of
foam concrete. This contributes to improving the

quality and reliability of structures and ensures
compliance with the requirements of building codes
and standards. Table 2 shows the technological
compositions of the compared types of samples for
strength characteristics.
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Results and Discussion

Setting times. Important data on the setting
times of different cement compositions have been
obtained in the course of the studies carried out.
Setting time, i.e. the time required to initiate and
complete the setting process of cement mixture, is
an important parameter affecting the nature and
applicability of foam concrete structures.

This study presents an analysis of the results of
setting time  measurements of different
compositions including different percentages of
microsilica (types 2, 3, and 4) and post-alcohol bard
(types 5, 6, 7, and 8). These data are important to
understand the effect of this additive on the rate
and character of the setting of the cement mixture.
Two main peaks can be identified in the setting
time diagram (Figure 2). The first peak corresponds
to the Start of the setting and the second peak
corresponds to the end of the setting. The
placement of the types of the compared
compositions on the diagram is in ascending order,
counting from bottom to top. Here the red color
indicates Type 1, which represents the reference
sample without additive and serves as a base for
comparison. The analysis of the setting time
diagram will allow a more detailed study of the
effect of the addition of components on the rate
and duration of the setting of foam concrete in
comparison with the reference sample.

Figure 2 visually demonstrates a comparison of
setting times between different types of
compositions. It contains information on the Start
and end of setting time for each type:

Type 1: Reference sample without additive,
with the following values:

- Start of setting time: 2 hours 50 minutes.

- End of setting time: 6 hours 33 minutes.

Type 2 (10% microsilica), which shows shorter
setting times compared to Type 1:

- Start of setting time: 1 hour 45 minutes.

- End of setting time: 5 hours 05 minutes.

Type 3 (20% microsilica), which also has shorter
setting times:

- Start of setting time: 1 hour 20 minutes.

- End of setting time: 4 hours 30 minutes.

Type 4 (30% microsilica), which exhibits even
shorter setting times:

- Start of setting time: 1 hour 15 minutes.

- End of setting time: 4 hours 05 minutes.

Analyzing the data from Figure 2, the following
observations can be made:

1. The addition of microsilica significantly
accelerates the setting process of the cement
mixture. The setting time decreases with increasing
microsilica content.

2. The initial setting time decreases more
markedly than the setting completion time,
indicating an earlier onset of the curing process.

3. These results have important practical
implications, as they allow more precise reference
and optimization of processes in production using
microsilica as an additive.

These data allow a comparison of the setting
times of compositions with different additive
proportions. They indicate an acceleration of the
setting process with the addition of microsilica in
proportions ranging from 10% to 30% of the cement
weight. As the proportion of additives increases, a
decrease in the time required to initiate and
complete setting is observed. This information is an
important aspect in the design and reference of the
foam concrete production process. It allows a more
accurate determination of the optimum proportions
of components to achieve the required setting time
according to specific needs and conditions.

This study presents results that allow analyzing
the setting times of different compositions with
different proportions of additive, in this case
microsilica. The addition of microsilica has a
noticeable effect on the setting time of cement
mixtures. As the percentage of microsilica
increases, the time required to initiate and
complete setting decreases. The initial setting time
decreases more significantly than the setting
completion time, indicating an earlier start of the
curing process when microsilica is present in the
formulation. This information is of great practical
importance in the design and reference of the foam
concrete production process. It makes it possible to
accurately determine the optimum proportions of
components to achieve the required setting time
for specific needs and conditions. This helps to
improve reference over the production of foamed
concrete structures and to ensure that they meet
the requirements and quality.

Figure 3 visually demonstrates a comparison of
setting times between different types of
compositions. It contains information on the Start
and end of setting time for each type:

Type 1: Reference sample without additive,
with the following values:

- Start of setting time: 2 hours 50 minutes.

- End of setting time: 6 hours 33 minutes.
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Figure 3 - Effect of additive (post-alcohol bard) on setting time

Type 5 (2.5% post-alcohol bard), which shows
shorter setting times compared to Type 1:

- Start of setting time: 1 hour 55 minutes.

- End of setting time: 5 hours 10 minutes.

Type 6 (5.0% post-alcohol bard), which also has
shorter setting times:

- Start of setting time: 1 hour 40 minutes.

- End of setting time: 4 hours 40 minutes.

Type 7 (7.5% post-alcohol bard), which exhibits
even shorter setting times:

- Start of setting time: 1 hour 25 minutes.

- End of setting time: 4 hours 10 minutes.

Type 8 (10% post-alcohol bard), which also
exhibits shorter setting times:

- Start of setting time: 1 hour 10 minutes.

- End of setting time: 3 hours 40 minutes.

Analyzing the data from Figure 3, the following
observations can be made:

1. The addition of post-alcohol bard has a
significant effect on the setting time of cement
mixtures. As the percentage of bard content
increases (from 2.5% to 10% of cement weight), the
time required to initiate and complete the setting
decreases.

2. The initial setting time decreases more
significantly than the setting completion time,
indicating an earlier onset of the curing process
when post-alcohol bard is present in the mix.

3. The obtained data have an important
practical significance for designing and reference
foam concrete production. They make it possible to
determine the optimum proportions of components
to achieve the required setting time corresponding
to specific needs and conditions.

These data allow the setting times of different
compositions with different proportions of additives
to be compared. It can be seen that setting times
decrease with the addition of increasing amounts of
additives. The lower setting time values for sample
types 5 through 8, where 2.5% to 10% additive is
added, indicate a faster setting process compared
to the reference sample type 1. These results help
to understand how additives affect the setting time
characteristics of foam concrete and can be used to
optimize the production process and quality
reference. The comparative results of the samples
are presented in Table 3.




Complex Use of Mineral Resources. 2024; 330(3):92-103

ISSN-L 2616-6445, ISSN 2224-5243

Table 3 - Comparative results of samples

Ne | Type Additive, % Start of setting time, | End of setting time,
h-min h-min
1 | Typel - 2-50 6-33
reference sample
2 | Type2 microsilica-10 1-45 5-05
3 | Type3 microsilica -20 1-20 4-30
4 Type 4 microsilica -30 1-15 4-05
5 | Type5 post-alcohol bard-2.5 1-55 5-10
6 | Type6 post-alcohol bard-5.0 1-40 4-40
7 | Type7 post-alcohol bard-7.5 1-25 4-10
8 | Type8 post-alcohol bard-10.0 1-10 3-40

Comparative analysis of setting time yields the
following key observations:

1. Effect of microsilica addition (Type 2, Type 3,
Type 4): It can be seen that as the percentage of
microsilica in the composition increases (Type 2 to
Type 4), the onset of setting is accelerated and the
setting time (second peak) decreases. This indicates
that microsilica significantly accelerates the setting
process of cement.

2. Effect of post-alcohol bard addition (Type 5,
Type 6, Type 7, Type 8): A similar effect is observed
with the addition of post-alcohol bard. The higher
the percentage of bard (Type 5 to Type 8), the
faster the setting starts and the shorter the setting
time. This also indicates the ability of post-alcohol
bard to accelerate the cement hardening process.

As can be seen from the results, the maximum
effect of the additive in the mortar-cement mixture
is achieved at a concentration of 10 and 30%
relative to the weight of cement at w/c ratio=0.28.
The setting time of mortar mixtures significantly
depends on the concentration of the additive in
them. The additive allows to reduce the setting time
by 30% compared to the reference sample. At the
same time, the interval between the Start and the
end of the setting time is reduced by 40%.
Consequently, this additive can be used as a setting
time referenceler. Compositions of Types 2-4,
containing microsilica in different proportions, are
positioned above the reference sample (Type 1),
which may indicate faster setting in the presence of
this additive. Samples of Types 5-8, which include
post-alcohol bard, are even higher and may indicate
an even more accelerated setting process.

Strength characteristics. This study examined
the strength characteristics of materials, including
compressive and  flexural strength. These

parameters are key indicators that determine how
reliably and durably materials can perform their
functions. The strength properties were determined
on samples made from a cement-sand mixture
consisting of cement, sand, additive (for samples of
types 2, 3,4, 5, 6, 7, and 8), and water, curing under
normal conditions. The analysis of the results allows
us to evaluate how the additive components affect
the strength properties of the material. The data
obtained represent comparative results between
different types of compositions and different
additive proportions. The strength values of the
sample are shown (at 7, 14, and 28 days) in Figures
4-7.

The results of the bending and compressive
strength studies of the sample carried out at the
age of 28 days allow us to make a comparative
analysis of the different types of compositions and
their influence on the strength characteristics of the
material.

Type 1, which is a reference sample without
additive, has a flexural strength of R = 55.29 kgf/cm?
and a compressive strength of R = 420.78 kgf/cm?2.
This sample served as a benchmark for comparison
with other types of compositions. The increase in
strength was 0%.

Type 2 containing 10% additive shows a
significant increase in flexural and compressive
strength of 24.63% and 21.39%, respectively,
compared to the reference sample. The test results
of Type 2 are R = 65.01 kgf/cm? and R = 510.81
kgf/cm?.

Type 3 containing 20% additive shows an
increase in flexural and compressive strength of
30.49% and 27.01% respectively compared to the
reference sample. The test results of type 3 are R=
69.15 kgf/cm? and R = 534.45 kgf/cm?.
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Figure 4 - Flexural strength (microsilica)
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Figure 6 - Compressive strength (microsilica)

Type 4, maximum increase in flexural and
compressive strength by 37.29 and 33.79% was
recorded in the sample with 30% additive compared
to the reference sample. The test results of type 4
are R=71.15 kgf/cm? and R = 549.85 kgf/cm?.

Type 5, with the addition of 2.5% additive
increases the flexural strength by 34.11 and 30.67%
compared to the reference sample. Test results for
type 5: R= 68.91 kgf/cm? and R=510.81 kgf/cm?.

Type 6, when 5.0% additive is added, the
flexural strength increases by 34.11 and 30.67%
compared to the reference sample. The test results
of type 4 are R= 72.15 kgf/cm? and R=534.45
kgf/cm?.

Type 7, when 7.5% additive is added, the
flexural strength increases by 34.11 and 30.67%
compared to the reference sample. The test results

80 -
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50 A
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Flexural strength, kgf/cm2
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30.41 —3— 14 days
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20
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Figure 5 - Flexural strength (post-alcohol bard)
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Figure 7 - Compressive strength (post-alcohol bard)

of type 4 are R= 74.15 kgf/cm? and R=549.85
kgf/cm?.

Type 8. The maximum increase in flexural and
compressive strength by 37.29 and 33.79% was
recorded for the sample with 10% additive. The test
results for type 5 are R= 75.90 kgf/cm? and
R=562.98 kgf/cm?.

From the analysis of the results, it can be seen
that the additive has a significant effect on the
strength characteristics of the material. Increasing
the concentration of additives leads to a stronger
increase in flexural and compressive strength. An
important aspect of the curing process is the effect
of the additive, which promotes the formation of a
strong framework in the material structure. This
framework further strengthens the compositions
and results in maximizing the strength
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Table 4 - Comparative results of samples

Type Flexural strength, kgf/cm? Compressive strength, kgf/cm?

7 days 14 days 28 days 7 days 14 days 28 days
Type 1 30.41 45.51 55.29 237.15 335.54 420.78
Type 2 43.71 55.02 65.01 324.16 423.45 510.81
Type 3 45.72 57.23 69.15 339.35 446.59 534.45
Type 4 47.42 59.63 71.15 351.27 457.19 549.85
Type 5 43.71 57.12 68.91 324.16 423.45 510.81
Type 6 45.72 60.23 72.15 339.35 446.59 534.45
Type 7 47.42 61.63 74.15 351.27 457.19 549.85
Type 8 50.16 63.82 75.90 371.76 473.51 562.98

performance. For a more detailed analysis of the Conclusion

effect of different compositions on strength
properties, the results of the studies are shown in
Table 4.

The comparative analysis of the test results of
the samples allows us to conclude about the
influence of the additive concentration on the
bending and compressive strength. It was found
that increasing the concentration of the additive
significantly increases the strength of the material
both in bending and in compression. This confirms
the important role of additives in strengthening the
material. The amount of the introduced additive
was set based on the greatest effect of accelerating
curing, as well as to obtain the maximum strength
gain compared to the analog without additives. The
maximum  strength gain is achieved at
concentrations of 10% and 30% relative to the
weight of cement. These formulations have
strengths significantly higher than the reference
sample (Type 1) and can be considered as optimum
for achieving maximum strength. Flexural and
compressive strength values show approximately
the same increase for most types of compositions,
indicating the balanced nature of the effect of the
additive. The addition of post-alcohol bard at
concentrations of 2.5%, 5%, 7.5%, and 10% also
increases strength, although to varying degrees.
This provides a choice in developing compositions
according to specific needs. Compared to the
reference sample (Type 1), all types of compositions
show a significant strength

performance.

improvement in

The results of the conducted research are
important to consider in the context of actual
problems related to the production of foam
concrete and the improvement of its characteristics.
The conducted experiments allowed us to reveal a
significant influence of additives, such as microsilica
and post-alcohol bard, on the setting time and
strength characteristics of foam concrete. The
results allowed us to draw the following
conclusions:

1. The greatest effect was observed when
microsilica was used at concentrations of 10% and
30% of cement weight. This resulted in a marked
increase in flexural and compressive strengths, as
well as a reduction in setting time. Hence,
microsilica can be considered as an effective agent
for improving the quality of foamed concrete and
regulating the setting time.

2. Post-alcohol bard has also shown to be an
effective additive for increasing strength and
shortening setting time. It should be noted,
however, that different additive concentrations can
lead to different results, and not always more
additive means better performance.

In summary, these results of the study can be
used to optimize the production process of foamed
concrete, increase its strength and stability, and
reduce setting time, which contributes to better
performance and more efficient use in construction.

Conflict of interest. The corresponding author
declares that there is no conflict of interest.

Acknowledgments. This research was funded
by the science committee of the Ministry of
Education and Science of Kazakhstan (Grant Ne
AP13068424).

— 100——=



KomnneKkcHoe Mcnonb3zosaHne MuHepanbHoro Coipbsi. Ne3(330), 2024 ISSN-L 2616-6445, ISSN 2224-5243

Cite this article as: Lukpanov RE, Dyussembinov DS, Altynbekova AD, Yenkebayev SB, Talal Awwad. Optimal concentration of
post-alcohol bard and microsilica in cement-sand mixtures determination. Kompleksnoe Ispolzovanie Mineralnogo Syra =
Complex Use of Mineral Resources. 2024; 330(3):92-103. https://doi.org/10.31643/2024/6445.33

LlemeHT-KYM KocnacbiHbIH KYPamblHAafbl 6apaaHbiH (CNTUPTTEH KeUiHri) XKaHe
MUKPOKpPEeMHe3eMHiH, OHTaii/Ibl KOHL,EHTPALMUACbIH aHbIKTay
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TYWIHAEME

MaKanaga eki caTtbinbl KebiKTi eHriy agicimeH AaliblHAanfaH Kebik 6eTOH KOMMOHEeHTTepiH
3epTTey HaTUXKenepiHiH 6ip 6eniri, aTan alTKaHOA@, MUKPOKPEMHE3eM MeH CNUPTTIH KewiHri
6apAaHblH, LEMEHTTIH KaTalo yaKbITbiHA KoHe bepikTiriHe acepi KepceTinreH. Hymbicta Kpicy
KoHe Winy KesiHaeri GepiKTIKTI aHbIKTay aAicTemeci, KOMMOHEHTTEPAiH, KypamblH ipikTey,
CaNbICTbIPLINATLIH YAFINEPAIH KaTalo yaKbITTapblH XaHe 6epikTik cMnaTTamanapbiH Tangay XKaHe
bafanay KepcertinreH. 3epTrey 6apbiCbiHAA OCbl KOCNANAPAbIH LEMEHT KOCNanapblHbIH dpeKeTiHe
Kanal acep eTeTiHiH TepeHipeK TYCiHy YLWiH 3epTxaHanbliK Taxipnbenep xkacangpl. HyprisinreH

Makana kenai: 10 kapawa 2023 3epTTeynep MoauvdMKauMANaHFaH KoCrmanap KOMMOHEHTTepiHiH,  KebikTi  6eToHAapabiH,
CapantamagaH eTri: 17 kapawa 2023

KacueTTepiHe acepiH onapapl eHAipy MpoueciHAe aHblKTayfa MyMKiHAIK 6epegi. 3eptreyae
Kabbinganapl: 23 Kapawa 2023

YCbIHbINFAH KaTalo YaKbITTapblH Tangay KoCMaHblH KOHLEHTPAUMACBHIHbIH, YAfalobl LLEMEHTTIH,
KaTaloblHblH, YaKbITIIA KepCeTKilTepiH alTap/blKTalk KbICKapTaTbiHbIH aHbIKTadbl. LlemeHT
Ca/IMAFbIMEH Ca/fbICTbIPFAHAA MUKPOKPEMHE3eM XKaHe CNUPTTIK KeliHri 6apaa menwepnepiHin,
10% koHe 30% apTblifaHAa, KaTalogblH 6acTany KoHe asAKTasy YaKbiTbl alTapAbIKTan
KblCKapaapl. BepiKTiKTiH e3repyiH 6afanay ywiH yarinep gavbiHgansin, 3, 7, 14, 21 kaHe 28 KyH
Mep3imae KanbiNTbl blAFanAblNblKTa KaTailFaH GETOH KpbiCy »KaHe wuinyre cbiHangpl. 3epTrey
HaTUKenepi 6oiblHLIA KOCNa KaTalTyabl *KeaenaeTe oTbipbin epTe mep3imae Ae, ecentenreH (28
TayNiK) mep3imae e 6epikTiKTi apTTbipyFa KeMeKTeceTiHi aHbIKTanabl. Taxipnbe Hatuskenepi
KOCMaHbIH, KOHLLEHTPALUMACHI YKOFapblaafaH CalblH MaTepuanabliH, Uiy aHe Kbicy 6epiKTiriHiH,
YKOFapbINANTbIHBIH KepceTTi. Miny xaHe Kpicy BepiKTiriHiH, makcumangbl ecyi 10% xaHe 30%
Kocna Kocy KesiHae 6onabl. byn matepuvangapabl HblFalTyaafbl KOCNanapablH, MaHbi3abl PeniH
JKOHEe oNlapAbl KypbIbICTa KONAAHY MYMKIHAIrH KepceTedi. Kocna oOHTalnbl OH, acep eTTi,
COHABIKTAH KOCMaHblH OCbl Me/WepiH nakganaHy OETOHHbIH, KbICy »KaHe Winy O6epiKTiriH
apTTbipyZa eH Tmimai 6onbin Tabblnagpl.

TyliiH ce30ep: kebik 6eToH, MogudUKaLmMANaHFaH KOCMa, MUKPOKPEMHEe3eM, CNUPTTEH KewiHri
6appaa, ycracy mepsimaepi, 6epikTik cunatramanap.
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AHHOTAUMA

B craTbe npeAacTaBfeHa YacTb Pe3ynbTaTOB MCCNEA0BaHMA KOMMOHEHTOB neHobeToHa,
W3roTOBJEHHOTO METOAOM  [ABYXCTaAMMHOTO BBEAEHMS TMeHbl, B YacTHOCTU BAUAHWE
MMUKPOKPEMHE3EMA W MOCAECNIMPTOBOM bapabl HA CPOKM CXBaTbIBAHWA M NPOYHOCTb LiemMeHTa. B
paboTe nokasaHa MeToAuKa onpeaeneHuns NPOYHOCTM NPU cxKaTum U musrmbe, nogbop coctasa
KOMMOHEHTOB, aHa/sM3 W OLEeHKAa CPOKOB CXBaTblBaHWMA W MPOYHOCTHLIX XapPaKTEPUCTMK
cpaBHMBaeMblx 06pasuos. B xoge wuccnegosaHua  6biAv BbINOJHEHbI  NabopaTopHble
3KCNepumeHTbl, 4Tobbl 6osnee rNy6OKO MNOHATb, KaK 3Tv [06aBKM BAWAIOT Ha MNoBeaeHue
LEMEHTHbIX cmeceil. [poBefeHHble UCCNef0oBaHWSA MNO3BONAIOT  ONPEAeNUTb  BAUAHWE
KOMMNOHEHTOB MoAMdULMPOBAHHON [06aBKM Ha CBOWCTBA NEeHOBETOHOB B mnpouecce Mux

Npon3BOACTBa. AHanM3 CPOKOB CXBaTbliBaHWA, NPEACTaBAEHHbIA B MCCNEA0BAHUM, BbIABUA, YTO
Moctynuna: 10 Hosbps 2023 P P » P ! !

PeueH3nposaHue: 17 Hoabps 2023
MpuHsaTa B Nevats: 23 HoA6PA 2023 cxBaTblBaHWA UemeHTa. C yBennyYeHMeM COAEep)KaHUA MUKPOKpPeMHe3ema W NOoC/iecnupToBOW

yBe/indieHne KOHUeHTpauuun ,D,O6aBI'(VI 3HaYNTE/IbHO COKpallaeT BpPeMeHHble MOoKasaTenm

b6apabl Ha 10% wn 30% OT Mmaccbl LemeHTa, Bpems Hayana M 3aBepLleHUs CXBaTbiBaHWA
CyLLECTBEHHO COKpallaeTca. [1A OLEHKN U3MEHEHUA NPOYHOCTM Bblan U3roToBAEHbI 06pa3Lpbl U
UCMbITaHbl Ha CKaTue u n3rnb B Bospacte 3, 7, 14, 21 1 28 cyTOK HOPMANbHOrO BNAXKHOCTHOMO
TBepAeHuA. Mo pesynbTaTam UcCiefoBaHWA ycTaHOBAEHO, YTo fo6aBKa, ycKopsas TBepAeHwue,
CNocobCTBYET NOBbILLEHWUIO MPOYHOCTH, KaK B PaHHEM BO3PacTe, TaK M B pacyeTHOM Bo3pacTe (28
CYTOK). Pe3ynbTaTbl 3KCNEPUMEHTa NOKAa3anu, YTo NMPOYHOCTb MaTepuana nNpu u3rmbe u cKatmum
YyBEe/IMYMBALTCA MO Mepe yBeAMYEHUA KOHLEHTpauuu AobaBku. MakcMmanbHOe yBeandeHue
NPOYHOCTU NpU MU3rMbe M CKaTUKM 3aduKcupoBaHo npu aobaske B pasmepe 10% v 30%. 3To
YKa3blBaeT Ha Ba)KHyl0 posib A0OABOK B YKpEN/JeHUW MaTepuasoB U WX MOTeHuManbHoe
npumeHeHne B cTpouTenbcTBe. [lobaBKa MoOKasasna OMNTUMAbHBIN MONOXKUTENbHbIA 3PPeKT,
No3TOMY WCMNO/Nb30BaHME [AAHHOIO MNPOLEHTHOrO CoAep)KaHusa nobaBKM sABnNseTcA Havbonee
3 bEKTUBHBIM A5 NOBbLILWEHWA NPOYHOCTU BETOHA Ha CxKaTue U U3rmb.

Kmoueeble  cnoea: neHobetoH, MoauduuMpoBaHHaa  AobaBKa,  MUKPOKpPEMHEe3eMm,
nocnecnupToBas 6apaa, CPOKM CXBATbIBAHUSA, MPOYHOCTHbIE XapPaKTEPUCTUKM.
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