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ABSTRACT

The article presents the results of experimental studies of the properties of quarry sand to assess
their suitability for use in the production of foam concrete. The sites of quarry sand extraction in
the territory of the Akmola region are analyzed and their physical and mechanical characteristics
are characterized. Evaluation of the physical and mechanical characteristics of sand was made
for four types of sand. The main evaluation parameters were: particle size distribution,
homogeneity, shrinkage, density and moisture content of sands. The results of the study showed
that the physical characteristics of sands vary depending on their type, which indicates the
differences in the natural composition and properties of these materials. Evaluation of the
homogeneity of the different types of sands confirms the significant differences between the
types. The highest homogeneity (Xmax=77.45; Xmax1=14.98; Cc=73.5%) was observed in type 1
sand, while type 4 sand shows the minimum degree of homogeneity (Xmax=47.30; Xmax1=42.28;
Cc=8.7%). According to the test results, the maximum values of both densities in type 2 are:
pa=1.519 g/cm?, pw=1.951 g/cm?, and the minimum values of both densities in type 4 are:
pd=1.438 g/cm?, pyw=1.894 g/cm?2. The maximum natural moisture content in Type 1 samples is
vn=9.5%, while the minimum values are 7.6% and 7.2% (Type 2 and 4). The obtained private
density values have a high degree of convergence because the coefficients of variation have very
low values: for Type 1 sands are 0.1-0.3%; for Type 2 sands are 0.7-0.8%; for Type 3 sands are
0.5-0.7%; for Type 4 sands are 0.4-0.6% (variation of private density values of dry and wet sands,
respectively). Analysis of the results of tests on the shrinkage of samples showed that the
maximum shrinkage is observed for sands of type 1 equal to 15.63%, while the minimum
shrinkage is characteristic of samples of type 3 and 4 (11.25% and 11.88%). Taking into account
the suitability of sand for the production of foam concrete, the most preferable is Type 1 sand
mined in the Eltok building sand deposit.

Keywords: sand, foam concrete, physical and mechanical characteristics, shrinkage, particle size
distribution, degree of homogeneity.
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Introduction

construction market. Foamed concrete s
characterized by a variety of physical and

In the context of the rapid development of the
construction industry, a variety of building
materials have appeared, and one of the most
interesting and promising of them is foam concrete
[[1], 2], [3]]. The relevance of this study is due to
the high demand for foam concrete in the modern

mechanical characteristics, ease of production,
relative economy and small mass of blocks, which
makes it very attractive for use in construction [[4],
[5], [6]]. Special interest in this material is caused
by its unique properties, such as density, thermal
conductivity and features of the cellular structure.
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One of the main characteristics of foam concrete is
its porous structure [7], which makes it an ideal
material for a wide range of construction
applications.

Foamed concrete belongs to promising building
materials and has several significant functional
properties that favorably distinguish it from heavy
and lightweight concrete: low thermal conductivity,
good vapor permeability, low energy costs for its
production, good sound insulation, environmental
friendliness, durability, and fire safety. In recent
years, foam concrete has been widely used in
construction as a heat-insulating and structural-
insulating material.

In modern conditions, there are a variety of raw
materials that can be used in the production of
foam concrete. The process of making foam
concrete consists of the integration of ready-made
foam into the cement-sand mixture, which
contributes to the creation of a closed pore system
[[81, [9]]. It is important to note that the quality and
characteristics of the components used are critical
to ensure the required strength of foam concrete.
Even minor use of low-quality aggregates can lead
to a decrease in the strength of foam concrete
structures [[10], [11], [12]]. Therefore, the selection
and quality of raw materials play a crucial role in
the production of foam concrete.

An important aspect is the durability of cellular
concrete, the basis of which is cement binder and
fine aggregate [13]. One of the key factors
determining the quality of sand is the ratio of
different fractions of its grains [[14], [15]]. In the
production of foamed concrete, fine and very fine
sand is used, and sometimes this sand may contain
harmful impurities such as sulfur and sulfuric acid
compounds, mica, and amorphous modifications of
silica. The latter is especially dangerous, as they can
interact with alkalis and cause destruction of the
cement matrix. Therefore, control of sand quality
and its composition is important to ensure the
durability and reliability of foam concrete
structures [[16], [17], [18], [19], [20]].

The purpose of this study is to conduct a
comparative analysis of the physical and
mechanical characteristics of quarry sand to assess
its suitability for further use in the production of
foam concrete.

Experimental technique

Based on the results of the analysis of the
market of non-metallic building materials (sand) in

Astana city, samples of raw materials were selected
for testing. The list of selected samples includes the
following quarries:

Type 1. Eltok sand deposit is located in Arshalyn
district of Akmola region near Volgodonovka
village, 44 km southeast of Astana city.

Type 2. Aryktynskoe sand deposit is located in
Korgalzhyn district of Akmola region 1.5 km north
of Arykty village, 40 km east of Korgalzhyno village,
100 km south-west of Astana city.

Type 3: Sensembay sand deposit is located in
Arshalyn district of Akmola region, 1.5 km north-
west of Volgodonovka village.

Type 4. Zhana-Zhol sand deposit is located in
the Tselinograd district of Akmola region, 1.0 km
southwest of Karazhar village and 30 km southwest
of Astana city.

The main research indicator of sand is the
evaluation of its particle size distribution, exactly
the determination of clay particles in its
composition, possible dust-like impurities and
inclusions affecting the quality of the manufactured
product - foam concrete. The tests are carried out
under conditions of statistical evaluation of this
indicator, i.e., at least 100 kg of sand will be
selected to evaluate each type, which is more than
20 samples for each of the three types of sand
being compared. Subsequently, the sand sieved by
particle size distribution will be used to evaluate
the quality of cement, instead of polyfractional
sand. The sand composition for cement evaluation
will be selected based on average statistical data of
granulometric analysis of the type of sand to be
selected for use in production. In the end, we will
get the results of the activity and setting time of
cement under the conditions of its interaction with
real components that will be used in the production
of foam concrete.

Additional tests of sand will be unregulated
shrinkage tests of sand shrinkage during soaking.
The amount of shrinkage will give us an
understanding of the potential change in the
volume of the final product relative to the initial
product, which may be useful when pouring large-
scale structures (in further performance studies
and possible formulation adjustments for a mobile
plant).

Sand studies include the following sequence of
activities:

- sampling of each of the three types of sand to
be compared, weighing at least 100 kg;

- washing the sand with hot water and
measuring the mass (before and after washing)
using a 0.05 sieve (when draining the water);
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- carrying out tests of particle size distribution
according to aggregated indicators: dust particles O-
0,05 mm (residue on the pallet); fine sand 0,05-0,25
mm (residue of sieve 0,05); medium sand 0,25-0,5
(residue of sieve 0,25); coarse sand 0,5-2,0 mm
(residue of sieve 0,5); gravel >2,0 (residue of sieve
2,0), according to the test method regulated by
GOST 8735

- analysis of the obtained granulometric (grain)
composition, with the selection of the optimal type
of sand suitable for the production of foam
concrete;

- evaluation of sand shrinkage, as well as
evaluation of sand densities to determine the
dosage: bulk density, density in dry state, wet state,
etc.

The sample tests for the evaluation of natural
indices were performed for selected samples,
immediately after transportation. However, to
determine the density in the dry and water-
saturated state, a preliminary quartering was
performed (Figure 1), the purpose of which was to
obtain results as close as possible to the average
statistical indicators with a minimum number of
tests (in our case, 5 tests of each type). After
guartering, 1000 ml samples were taken (for more
convenient density estimation).

Sand shrinkage was assessed using the soaking
method, Figure 2. The sequence of work included:

- a sampling of the compared soil types,
totaling at least 15 kg for each of the sand types;

- determination of sand density at natural
moisture content;

- drying the samples to a constant mass;

- determination of the density of dry sand;

- Soaking of sand with the determination of
shrinkage and density in a water-saturated state.

Soaking of sand samples was carried out in a
measuring container with a graduated scale until
complete stabilization (constant value) of sand
shrinkage, Figure 2. The weighing of samples was
carried out on calibrated scales.

This methodology allowed us to conduct a
subsequent comparative analysis of the qualitative
characteristics of the studied sands in the context
of their applicability in the production of foam
concrete products.

Results and Discussion

Tabulated data of sand grain size distributions
are presented in Tables 1-4, which were compiled
to investigate the fractional composition of each of
the studied sands in more detail.

Figure 2 - Evaluation of sand shrinkage
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Table 1 - Results of granulometric composition of Type 1 sands

Sample Weight of sand in a sieve Sample mass Loss, %
number Sieve 1 Sieve 2 Sieve 3 Sieve 4 Residue After Before

d=2mm | d=0.5 d=0.25 d=0.05 >0.05 mm

mm mm mm

1 27 300 3760 919 4 5010 5010 0.000
2 30 311 4059 866 4 5270 5270 0.000
3 25 308 3917 786 3 5039 5040 0.020
4 35 297 3813 872 2 5019 5020 0.020
5 24 324 3797 854 5 5004 5005 0.020
6 21 350 3934 700 4 5009 5010 0.020
/ 22 429 3805 739 5 5000 5000 0.000
8 25 358 3997 631 4 5015 5015 0.000
2 40 373 3955 646 4 5018 5020 0.040
10 25 349 3938 638 4 5004 5005 0.020
11 35 375 3942 661 4 5017 5020 0.060
12 30 398 3762 671 4 4865 4865 0.000
Average 28 348 3890 753 4 5023 5023 0.017
Deviation 6 42 99 102 1 _ _ _
Variation, % 21 12 3 14 20 _ . _

Table 2 - Results of granulometric composition of Type 2 sands

Sample Weight of sand in a sieve Sample mass Loss, %
number Sieve 1 Sieve 2 Sieve 3 Sieve 4 Residue After Before

d=2 mm d=0.5 d=0.25 d=0.05 >0.05 mm

mm mm mm

1 387 783 2613 1235 2 5020 5020 0.000
2 421 820 2588 1178 6 5013 5015 0.000
3 345 756 2646 1257 5 5009 5010 0.020
4 389 815 2506 1294 5 5009 5010 0.020
5 311 810 2720 1167 7 5015 5015 0.020
6 402 789 2522 1289 3 5005 5005 0.020
7 367 793 2558 1302 3 5023 5025 0.000
8 379 738 2618 1275 4 5014 5015 0.000
9 328 816 2637 1228 3 5012 5015 0.040
10 354 718 2740 1195 6 5013 5015 0.020
11 387 785 2658 1189 5 5024 5025 0.060
12 404 766 2642 1204 3 5019 5020 0.000
Average 373 782 2621 1234 4 5015 5016 0.017
Deviation 33 32 71 48 2 B B B
Variation, % 9 4 3 4 36 _ B B
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Table 3 - Results of granulometric composition of Type 3 sands

Sample Weight of sand in sieve Sample mass Loss, %
number Sieve 1 Sieve 2 Sieve 3 Sieve 4 Residue After Before
d=2 mm d=0.5 d=0.25 d=0.05 >0.05
mm mm mm mm
1 45 1782 2419 761 2 5009 5010 0.000
2 42 1653 2500 812 3 5010 5010 0.000
3 32 1735 2584 655 3 5009 5010 0.020
4 37 1758 2496 711 3 5005 5005 0.020
5 31 1733 2528 719 3 5014 5015 0.020
6 26 1672 2531 772 2 5003 5005 0.020
7 36 1645 2570 753 3 5007 5010 0.000
8 38 1812 2379 782 2 5013 5015 0.000
9 42 1741 2469 756 2 5010 5010 0.040
10 34 1795 2468 699 4 5000 5000 0.020
11 33 1776 2454 737 2 5002 5005 0.060
12 38 1649 2566 756 3 5012 5015 0.000
Average 36 1729 2497 743 3 5023 5010 0.017
Deviation 5 60 63 42 1 - - -
Variation, % | 15 3 3 6 24 - - -
Table 4 - Results of granulometric composition of Type 4 sands
Sample Weight of sand in sieve Sample mass Loss, %
number Sieve 1 Sieve 2 Sieve 3 Sieve 4 Residue After Before
d=2 mm d=0.5 d=0.25 d=0.05 >0.05
mm mm mm mm
1 12 2134 2340 516 8 5010 5010 0.000
2 17 2009 2527 452 5 5010 5010 0.000
3 21 2067 2406 511 7 5012 5015 0.020
4 14 2178 2249 567 7 5015 5015 0.020
5 18 2113 2328 538 5 5002 5005 0.020
6 14 2016 2398 576 5 5009 5010 0.020
7 19 2231 2310 453 6 5019 5020 0.000
8 23 2166 2387 428 5 5009 5010 0.000
9 15 2095 2415 475 5 5005 5005 0.040
10 21 2154 2303 526 5 5009 5010 0.020
11 19 2183 2305 497 6 5010 5010 0.060
12 16 2075 2470 442 5 5008 5010 0.000
Average 17 2118 2370 498 6 5015 5015 0.017
Deviation 3 69 79 49 1 - - -
Variation, % | 19 3 3 10 18 - - -

Analysis of the data presented in the tables
allows us to make the following observations:

- The average particle size for each of the
studied sand types has different characteristics. It
varies from 28 to 3890 for Type 1, 373 to 2621 for
Type 2, 36 to 2497 for Type 3, and 17 to 2370 for
Type 4.

- The deviation from the mean particle size also
varies by sand type. For Type 1, the deviation
ranges from 6 to 102, for Type 2 from 32 to 71, for
Type 3 from 5 to 63, and for Type 4 from 3 to 79.

This indicates a considerable diversity of fractions
in each type.

- The variation in the mass of the material
ranges from 3 to 21%, indicating that there is
considerable variability in the composition of the
sand in the different types.

- The percentage of material loss during sieving
is small at less than 0.1%, indicating that the sieving
procedure is effective and has little effect on the
total amount of material.

Tables 5-8 show the results of the percentage
of particle size distribution of the compared sands.




Complex Use of Mineral Resources. 2025; 332(1):5-18

ISSN-L 2616-6445, ISSN 2224-5243

Table 5 - Percentage of particle size distribution of Type 1 sands

Sample Granules percentage, %

number Sieve 1 Sieve 2 Sieve 3 Sieve 4 Residue
d=2 mm d=0.5 mm d=0.25 mm d=0.05 mm >0.05 mm

1 0.54 5.99 75.05 18.34 0.08

2 0.57 5.90 77.02 16.43 0.08

3 0.50 6.11 77.73 15.60 0.06

4 0.70 5.92 75.97 17.37 0.04

5 0.48 6.47 75.88 17.07 0.10

6 0.42 6.99 78.54 13.97 0.08

7 0.44 8.58 76.10 14.78 0.10

8 0.50 7.14 79.70 12.58 0.08

9 0.80 7.43 78.82 12.87 0.08

10 0.50 6.97 78.70 13.75 0.08

11 0.70 7.47 78.57 13.18 0.08

12 0.62 8.18 77.33 13.79 0.08

Average | 00.56 6.93 77.45 14.98 0.08

Table 6 - Percentage of particle size distribution of Type 2 sands

Sample Granules percentage, %

number Sieve 1 Sieve 2 Sieve 3 Sieve 4 Residue
d=2 mm d=0.5 mm d=0.25 mm d=0.05 mm >0.05 mm

1 7.71 15.60 52.05 24.60 0.04

2 8.40 16.36 51.63 23.50 0.12

3 6.89 15.09 52.82 25.09 0.10

4 7.77 16.27 50.03 25.83 0.10

5 6.20 16.15 54.24 23.27 0.14

6 8.03 15.76 50.39 25.75 0.06

7 7.31 15.79 50.93 25.92 0.06

8 7.56 14.72 52.21 25.43 0.08

9 6.54 16.28 52.61 24.50 0.06

10 7.06 14.32 54.66 23.84 0.12

11 7.70 15.63 52.91 23.67 0.10

12 8.05 15.26 52.64 23.99 0.06

Average | 7.43 15.60 52.26 24.62 0.09

Table 7 - Percentage of particle size distribution of Type 3 sands

Sample Granules percentage, %

number Sieve 1 Sieve 2 Sieve 3 Sieve 4 Residue
d=2 mm d=0.5 mm d=0.25 mm d=0.05 mm >0.05 mm

1 0.90 35.58 48.29 15.19 0.04

2 0.84 32.99 49.90 16.21 0.06

3 0.64 34.64 51.59 13.08 0.06

4 0.74 35.12 49.87 14.21 0.06

5 0.62 34.56 50.42 14.34 0.06

6 0.52 33.42 50.59 15.43 0.04

7 0.72 32.85 51.33 15.04 0.06

8 0.76 36.15 47.46 15.60 0.04

9 0.84 34.75 49.28 15.09 0.04

10 0.68 35.90 49.36 13.98 0.08

11 0.66 35.51 49.06 14.73 0.04

12 0.76 32.90 51.20 15.08 0.06

Average 0.90 35.58 48.29 15.19 0.04
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Table 8 - Percentage of particle size distribution of Type 4 sands

Sample Granules percentage, %
number Sieve 1 Sieve 2 Sieve 3 Sieve 4 Residue
d=2 mm d=0.5 mm d=0.25 mm d=0.05 mm >0.05 mm
1 0.24 42.59 46.71 10.30 0.16
2 0.34 40.10 50.44 9.02 0.10
3 0.42 41.24 48.00 10.20 0.14
4 0.28 43.43 44.85 11.31 0.14
5 0.36 42.24 46.54 10.76 0.10
6 0.28 40.25 47.87 11.50 0.10
7 0.38 44.45 46.03 9.03 0.12
8 0.46 43.24 47.65 8.54 0.10
9 0.30 41.86 48.25 9.49 0.10
10 0.42 43.00 45,98 10.50 0.10
11 0.38 43.57 46.01 9.92 0.12
12 0.32 41.43 49.32 8.83 0.10
Average 0.35 42.28 47.30 9.95 0.11
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Figure 3 - Graphs of granulometric composition of sands

Figures 3a - 3d show the graphs of particle size
distribution of the compared sand types. The X-axis
shows the values of fraction sizes, and the Y-axis
shows their percentages. In this case, the ordinate
axis represents the percentage of particles whose
fraction sizes are smaller than the corresponding
value on the abscissa axis. That is, according to the

graph of Figure 3, the fraction size is 7.49%, greater
than 0.5 mm, of which 6.93% is less than 2 mm and
0.56% is greater than 2 mm (according to the
summary table). It can also be interpreted that
those fractions 100-7,49=92,51% with dimensions
less than 0,5 mm.
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According to the statistical results, all the
obtained data have a close relationship with the
evaluated indicators. For type 1, the coefficient of
variation within the size fractions does not exceed
20%, inaccuracy lies in the range from 1.8 to 19.87
%. For type 2 this value does not exceed 35%, and
for dusty fractions, the fractional content of which
does not exceed 0.1% by mass of samples. For the
rest, the sandy fractions in samples of type 2, the
variation does not exceed 9% (from 2.55 to 8.42). A
similar pattern is observed for Type 3 samples: the
variation of clay particles has an unstable value of
24.45%, and within the sand fractions, the
coefficient varies from 2.51 to 14.78%. For type 3,
the coefficient of variation within the size fractions,
just as in the case of type 1 does not exceed 20%,
exactly ranges from 3.36 to 19.19%.

In general, it has been observed that maximum
instability of mass ratios of fractions in the
boundary ranges. That is, in the extreme ranges of
sandy soils (or rather lying outside it) corresponding
to the maximum (not more than 2 mm) and
minimum (not less than 0.05 mm) allowable
fraction for sand. For types 1 and 4, the maximum
instability was detected in the range exceeding the
maximum allowable value of sand fractions:
fractions of size greater than 2 mm. In both cases,
the mass fraction of such inclusions in the samples
does not exceed 1%, which can be regarded as an
error. For sand types 2 and 3, the maximum
instability of the results corresponds to the lower
limit of the range of sandy soils, and clay inclusions,
the total content of which on average does not
exceed 0.1% by mass in both cases. This low
percentage can also be excluded from the particle
size distribution analysis.

To assess the homogeneity of the composition,
we can use the classical formula for the degree of
heterogeneity of sandy soils:

Table 9 — Degree of homogeneity of sands

Cc =T (1)

where C. is a degree of heterogeneity of soils;

Deo is a particle diameter, less than which 60%
of grains are in the soil;

Dio is a diameter of particles, less than which
10% of grains are in the soil.

The classical homogeneity assessment (Table 9)
does not work, because the particle size
distribution assessment is performed according to
an enlarged scheme. To evaluate the particle size
distribution, selected only those sieves that
correspond to the boundary sizes of fractions, i.e.
their limiting maximum and minimum values. If
intermediate sieve values were used, the results
would have been more correct, with more
appropriate data regarding the estimation of
homogeneity by the conditional index Cc. The
homogeneity of the sands will be assessed by direct
estimation of the percentage of particles of each
fraction. Figure 4 shows the values of the
percentage of particle content by fractions. The
graph shows that most of the fractions of all four
compared types of sands have a size range of 0.5-
0.25 mm (not inclusive), with the maximum value
of the percentage of such particle size observed in
the samples of Type 1. The dependence that has
developed to estimate the soil homogeneity of this
particular case:

100—Xmax

Ce=(1- )x100 (2)

100—Xmax—1

where, C. - degree of heterogeneity;

Xmax - percentage ratio corresponding to the
maximum distribution of particles by mass;

Xmax-1 - percentage ratio corresponding to the
second maximum particle mass distribution.

Sample | Sand type Degree of homogeneity Homogeneity criterion
number

1 Type 1 Cc=0,5/0.05=10 <3 heterogeneous

2 Type 2 Cc=0,5/0.05=10 <3 heterogeneous

3 Type 3 Cc=0,5/0.05=10 <3 heterogeneous

4 Type 4 Cc=2/0.05=10 <3 heterogeneous
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Figure 4 - Percentage distribution of fractions by weight

Table 10 — Evaluation of sand homogeneity

Type Max Max-1 Cc
Type 1 77.45 14.98 73.5
Type 2 52.26 24.62 36.7
Type 3 49.86 34.53 23.4
Type 4 47.30 42.28 8.7
This dependence takes into account the the difference with the second value of the mass

following evaluation conditions: the percentage of
the maximum fraction relative to the total mass of
the sample, as well as the criterion of relativity of
the maximum fractions to the fractions
immediately following the maximum value (by
mass). Thus, an assessment of homogeneity is given
both relative to the total mass of the sample and
relative to the available difference between the
percentage distribution. For a comparative (not
absolute) assessment, it is sufficient to compare the
percentage ratio of the maximum value of the
particle mass distribution to the second value of
the maximum particle distribution. The degree of
heterogeneity ranges from 0 to 100%, and the
interpretation of the result is summarized as
follows: the larger the value of the degree, the
greater the homogeneity of the sand. The results of
the calculations are presented in Table 10.
According to the results, type 1 sand has
maximum homogeneity and type 4 sand has
minimum homogeneity. In general, the results of
the heterogeneity assessment are quite logical:
Type 1 has the maximum distribution index, and

distribution is also maximum; Types 2 and 3 have a
relatively similar pattern to Type 1, but both of
these indicators are inferior to Type 1; Type 4 has
the lowest distribution values with the minimum
difference between the maximum and second after
the maximum mass distribution of fractions.

From the point of view of the suitability of sand
about the prevailing size of fractions, the most
preferable is the sand Type 1 deposit of building
sands Eltok, located in the Arshalyn district of
Akmola region near the village of Volgodonovka, 44
km southeast of Astana. This type of sand has the
highest percentage of the smallest fractions,
relative to other comparable types of sand. For the
production of foam concrete, the grain size index is
important, the smaller the size of sand fractions,
the more structured the final product will be, with a
more stable pore structure.

Figure 5, table 11 shows the results of weighing
sand samples of 1000 grams in the dry state (after
drying to constant weight) and in water-saturated
state.
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Figure 5 — Weighing results of sand samples

Table 11 — Results of density and moisture estimation of sands

Sand type Dry sand Wet sand Sand particle Natural density | Natural Moisture at
density pd, density, pw, density, ps, of sand, pn, humidity, vn, % | full water
g/cm? g/cm? g/cm? g/cm? saturation,

vw, %

Type 1 1.475 1.918 2.648 1.615 9.5 79.5

Type 2 1.519 1.951 2.674 1.634 7.6 76.1

Type 3 1.453 1.904 2.647 1.579 8.7 82.1

Type 4 1.438 1.894 2.643 1.542 7.2 83.8

Table 12 — Results of sand shrinkage evaluation

Sand Dry sand | Soaked sand | Shrinkage Relative Quadratic Variation

type volume, volume, ml volume, ml | shrinkage, % deviation coefficient, %
ml

Type 1 160 138 22 13.75 1.7 1.231884

Type 2 160 135 25 15.63 1.9 1.407407

Type 3 160 142 18 11.25 1.5 1.056338

Type 4 160 141 19 11.88 1.8 1.276596

In the graphs, each point corresponds to a
private value of density, and the values of the

According to the test results, the maximum
density in the natural state is in type 2 sands and

central lines correspond to the average values of
each of the compared types of sand. The results of
density determination are shown in Table 11. The
table also shows the results of calculations of the
natural moisture content of sands and their
moisture content after their complete water
saturation.

minimum in type 4 sands, and in both cases, the
natural moisture content is a minimum of 7.6 and
7.2 % respectively. The maximum natural moisture
content is observed in type 1 samples. Maximum
density in dry conditions and water-saturated
conditions was found in type 2 sands and minimum
of both densities in type 4. A similar pattern was

—— |4 ——
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found when comparing the densities of soil
particles, with the only difference being that the
results of densities of all the types compared are
closer. The percentage of the difference between
the maximum and minimum values in the case of
dry soil density is +/- 5% and in the case of particle
density +/- 5%.

The obtained private density values have a high
degree of convergence because the coefficients of
variation have very low values: for sands of type 1
are 0.1-0.3%; for sands of type 2 are 0.7-0.8%,; for
sands of type 3 are 0.5-0.7%; for sands of type 4 are
0.4-0.6% (variation of private density values of dry
and wet sands, respectively). The low variation
indices testify to the qualitative quartering
performed before the tests, as well as to the high
approximation of the obtained results to the
average statistical values.

Table 12 shows the results of the shrinkage of
samples after soaking. According to the test results,
the maximum shrinkage was found in type 1
samples and the minimum shrinkage in type 3 and
4 samples. The test results can be decisive in the
choice of sand for the production of foam concrete
with other equal evaluation indicators. According to
the analysis of statistical indicators, we also
conclude that there is a sufficiently close
relationship between the individual values among
themselves, hence, the high reliability of the
obtained averages.

Conclusion

Based on the results of the tests performed, the
following generalized conclusions can be drawn:

1. The physical characteristics of sands vary
from one type to another, indicating differences in
their natural composition and properties.

2. The maximum density in the natural state is
observed in type 2 sands while the minimum
density is observed in type 4 sands. Both types of
sands are characterized by low levels of natural
moisture content of 7.6% and 7.2% respectively.

3. Maximum density in dry and water-saturated
conditions is also found in type 2 sands while
minimum density in both the states is found in type
4 sands.

4. As a result of shrinkage tests of the
specimens, maximum shrinkage is found in type 1
sands while minimum shrinkage is observed in type
3 and 4 specimens.

5. From the point of view of sand suitability for
the production of foam concrete, the most
preferable is Type 1 sand from the construction
sand deposit Eltok, located in Arshalyn district of
Akmola region near Volgodonovka village, 44 km
southeast of Astana. This type of sand has the
highest content of the smallest fractions compared
to other types of sand. For foam concrete
production, the size of fractions is important, and
the smaller it is, the more structured the final
product will be with a more stable pore structure.
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TYWIHAEME

Makanaga kebik 6eToH eHAipiciHAe KongaHyFa KapamaplabifblH 6aFanay makcaTbiHAA Kapbep
KYMbIHbIH, KacueTTepiHe XyprisinreH Taxipnbenik 3eptreynepaiH Hatuxenepi bepinreH. Akmona
06/1biCbl ayMaFblHAAFbl Kapbep/ik KyMabl ©HAipy aimaKkTapbl TangaHbin, onapAabliH, ¢usmKa-
MeXaHWKanblK KepceTKiwTepi 6oWblHWa cunatramanapbl  KenTipinreH. KymHbiH — du3mKa-
MeXaHWKanblK cunatTamanapbl KyMHblH TepT Typi 6oibiHwa 6afanaHgpl. Herisri 6aranay
napameTpaepi: rPaHyNOMETPUANbIK Kypambl, GipKenKiniri, weryi, Tbifbi3aplfbl XoHE KYMHbIH,
bINFaNAbIIbIFbl 6oNnapl. 3epTTey HaTUXKenepi boMbiHWa KymaapabiH, GU3MKanbiK cunaTtamanapsbl
0N1apablH, TypiHe 6alnaHbICTbl ©3repeTiHiH KepceTTi, byn ocbl MaTepuangapabld, Tabuen Kypambl
MeH KacueTTepiHAe albipMalbINbiK 6ap eKeHAiriH Aanengenai. OpTypAai TUNTEri KymAapablH,
6ipTekTinirin 6aranay, Typaep apacbiHAafbl eneyni albipmallbINbIKTapAbl pactanapl. EH »Kofapbl
BipTeKTINIK  (Xmax=77,45; Xmax1=14,98; Cc=73,5%) 1-tunti Kymga 6alikanca, 4-TvnTi Kymaa
BipTEKTINIKTIH, MUHUManabl gapexeci (Xmax=47,30; Xmax1= 42,28; Cc=8,7%) b6aiikanagpl. CbiHaK
HaTUXKenepiHe calikec 2-TUNTi KYMZA €Ki TbIFbI3A4bIKTbIH, 4@ MaKcMmangpl MaHaepi: ps = 1,519
r/cm?, pw = 1,951 r/cm?, an 4-Tvn yWiH eKi TbifbI3AbIKTbIH, €H TOMeHri MaHaepi: ps = 1,438 r/cm?,
pw = 1,894 r/cm? 6onaabl. 1-TUNTI yATiAEpP YLWiH Makcumangpl TabusK biAFanablbIK Vn=9,5%, an eH,
TOMEHri MaHAepi 7,6% xaHe 7,2% (2- kaHe 4-TunTep). ANbIHFAH ¥KapTblnai TbiFbI3AbIK, MaHAEPI
KOHBEPreHUMAHbIH, }KOFapbl AapexeciHe ne, elTKeHi Bapnauua KoadpduumeHTTepi eTe TomeH: 1-
TUNTI Kymaap ywiH onap 0,1-0,3% Kypaiapl; 2-TnTi Kymaap ywin onap 0,7-0,8%; 3-tunTi Kymaap
ywiH onap 0,5-0,7%; 4-tunti Kymaap ywiH 0,4-0,6% Kypaiapl (COMKeciHwwe KypFaK KaHe AbIMKbIA
KYMHbIH, HaKTbl TbIfbI3AbIKTapbl e3repesi). CoiHamanapablH Wweryi 60MbIHWA CbIHAY HITUMXKENepiH
Tanpay KepceTkeHaew, eH, }koFapbl wery 1-Tunti kymaapaa 15,63% TeH, an eH a3 wery 3- }aHe 4-
™mnTi yarinepre ToH (11,25% »koHe 11,88%). Kebik 6€TOH eHAjipiciHe KYMHbIH apamablabliFblH
eckepe OTbIpbIn, ENTOK Kypbl/ibiC KYM KEH OPHbIHAA eHAipinreH 1-TunTi Kym eH Konaiabl 6onbin
Tabblaabl.

Tyiiin ce30ep: Kym, KebIKOETOH, dU3MKa-MeXaHWKanblK cunaTramanap, wery, TYMipLIKTIK
Kypambl, BipTeKTiNik gapeKeci.
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AHHOTALUMUA

B cTaTbe npepacTaB/ieHbl pe3y/ibTaTbl SKCNEPUMEHTAsIbHbIX UCCIE[0BaHNUI CBOMCTB KapbepHOro
MecKka C Le/Iblo OLEHKM WX MPUrOAHOCTU AJIA UCMOMb30BaHWA B MPOWU3BOACTBE MeHOGEToHa.
MpoaHann3npoBaHbl y4acTKM A06blUM KapbepHOro Necka Ha TeppUTopun AKMONMHCKOM 06aacTu
M fJaHa WX XapaKTepucTMKa Ha QU3MKOo-mexaHuyeckve nokasatenn. OueHka usnko-
MEeXaHMYECKUX XapaKTePUCTUK MecKa npoussedeHa A7 YeTbipex TUMOB necka. OCHOBHbIMMU
OLIEHOYHBIMW MapameTpamMu, ABAAIUC: TPaHYJIOMETPUYECKUIA COCTaB, OAHOPOAHOCTb, YCaAKa,
MJOTHOCTb M B/IAXKHOCTb MecKoB. Pe3ynbTaTbl UCCNeAoBaHWA MOKasanu, 4uto dusuyeckue
XapaKTEPUCTUKM MECKOB BapbMPyHOTCA B 3aBUCMMOCTM OT WX TUMA, YTO CBUAETE/NbCTBYET O
pasnnumuAX B NPUPOLHOM COCTaBe U CBOMCTBAxX 3TUX maTepuanos. OLEeHKa 04HOPOAHOCTM NECKOB
Pa3NNYHbIX TUMOB MOATBEPKAAIOT 3HAUWTE/IbHbIE Pa3/MuMA Mexay Tunamu. Haubonbluas

0AHOPOAHOCTb (Xmax=77,45; Xmax-1=14,98; Cc=73,5%) oTmeuyeHa y necka Tuna 1, Toraa Kak necok
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T™MNA 4 [EeMOHCTPUPYET MUHUMANbHYHO CTeneHb OAHOPOAHOCTU (Xmax=47,30; Xmax-1=42,28;
Cc=8,7%). CornacHo pe3ynbTaTtam MCMbITaHUIA, MaKCMMasibHble NOKa3aTenu 060ux NIOTHOCTeN y
TMna 2 cocrasnsfeT: pd =1,519 r/cm?, pw=1,951 r/cm?, a MUHMMaNbHble MOKasaTenn ob6oux
nAoTHOCTEN y TMNa 4 coctasnsaeT: pa=1,438 r/cm?, pw=1.894 r/cm2. MaKcManbHas ectecTBeHHas
BNIAXKHOCTb y 06pa3syoB TMna 1 - vi=9,5%, Toraa Kak MMHUMasbHble 3HadeHus 7,6% u 7,2% (Tun 2
M 4). TonyyeHHble YacTHble 3HAYeHWA MNAOTHOCTM WMMEIOT BbICOKYIO CTeneHb CXO4MMOCTH,
NMOCKO/IbKY KO3bOULMEHTbI BapuauumM MMEIOT OYeHb HU3KME MoKasaTenu: AnA neckos Tvna 1
coctasnatoT 0,1-0,3%; ans neckos Tmna 2 coctasasatoT 0,7-0,8%; ana neckos TMna 3 cocTaBAAlOT
0,5-0,7%; ans neckos Tuna 4 coctasnsatoT 0,4-0,6% (Bapuaumm HaCTHbIX 3HAYEHWUI NIOTHOCTU
CYXOr0 M MOKPOTrO MECKOB COOTBETCTBEHHO). AHaNM3 pe3y/ibTaToB WCMbITaHWMI NO ycadke
06pasLoB NOKasas, YTO MaKCMManbHas ycagKa Habnogaetca y neckos Tuna 1 pasHas 15,63%, B
TO BpEMA KaK MUHUMA/IbHaA ycafKa XxapakTepHa ana obpasuos tmna 3 n 4 (11,25% 1 11,88%). C
y4eTomM MPUro4HOCTM Mecka Ana nNpous3BoacTBa neHobeToHa, Hambosiee NpeanoYTUTENbHLIM
ABNAETCA Necok Tuna 1, 406blIBaeMbli B MECTOPOXKAEHUMN CTPOUTEbHBIX NECKOB ENbTOK.

Kniouesble cnoea: necok, neHO6ETOH, ¢M3MKO-M€X3HMHECKME XapPaKTeEPUCTUKKM, YyCa[Ka,
I'paHy!'IOMeTpl/I"IeCKMl‘;I COCTaB, CTeneHb O 4HOPOAHOCTU.
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