Mechanics and Technology /

ISSN 2308-9865 Scientific journal

2022, N0.4(78)

IRSTI 70.17.54

I. Bekbasarov! — main author, | ©
P. Poyta?, K. Suienshbayeva®

hal 1Doctor of Science (Engineering), Professor,
2Doctor of Science (Engineering), Professor, *Specialist

oRcip | https://orcid.org/0000-0003-3250-7853; *https://orcid.org/0000-0003-4734-1091

plllly 13Dulati University, Taraz, Kazakhstan,
T 2Brest State Technical University, Brest, Belarus
@

3quralai.toggoja@gmail.com
https://doi.org/10.55956/XHWO6756

DETERMINATION OF THE FINE-GRAINED COMPONENT
PARAMETERS OF THE SOIL MIXTURE FOR THE
ESTABLISHING OF THE ELEMENTS OF BULKS EARTH DAMS

Abstract. Perform theoretical research, aimed at solving problems of determining
the physical parameters of the components (fine and coarse earth) of soil mixtures intended
for the construction of elements (thrust prisms, cores, depressions, screens, impervious
devices) of bulk earth dams. In a new formulation the tasks have been solved in relation to
two variants of the state of the soil mixture. As the first option, the case is considered when
free water, air and gaseous substances take place in the pores of the fine earth, and the
second option, when only water is in the pores of the fine earth.

The received formulas, allowing to establish the volume and mass of fine powder
and large amount of soil mixture. There are also formulas for determining the density of
fine-grained and coarse-grained for the indication of two variants of soil mixtures. The
formulas are recommended to be used at the stage of realization of the process of
conditioning of soil mixtures, that is, to change the moisture, density and granulometric
composition of their components. In this case, the formulas relating to the first variant state
of soil mixtures, preferably used for their conditioning in quarries, reserves (warehouses)
and transportation. The results of checking the formula for determining the density of a
fine-grained component in a dry state are given.

The novelty of the obtained solutions lies in the fact that, unlike existing methods,
they take into account the presence of free water, air and gaseous substances in the
composition of soil mixtures, which have a significant effect on the compaction of the
mixtures.
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Introduction. The research on solving a number of topical problems in the
field of hydraulic engineering structures is carried out at M.Kh. Dulaty Taraz
Regional University. According to them, the research is carried out to establish the
optimal compositions of soil mixtures for the construction of earthworks [1], as
well as work on the study of new pile structures for the supports of linear structures
[2,3].
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The work discusses issues related to the selection of soil mixtures for bulk
earth dams.

Soil mixtures are used for the construction of thrust prisms, cores,
depressions, screens and impervious devices of bulk earth dams must have a
certain composition and properties, and their volumetric and weight parameters
must comply with the requirements. Therefore, at the stage of dam design and
experimental work on their construction, as a rule, the selection of the type,
composition and parameters of the components of the soil mixture is made. It is
necessary to have reliable methods for determining the parameters of the soil
mixture and its constituent components, which include coarse-grained (coarse
earth) and fine-grained (fine earth) components to ensure the reliability of the
important process.

Conditions and methods of research. Currently, in the field of hydraulic
engineering there are methods that allow determining the parameters of the soil
mixture and its components, taking into account various influencing factors.

Thus, [4] proposes to determine the coefficient of soil compaction of
embankments and dams on the basis of correlation. The dependencies between the
values of the compaction coefficient and soil resistance, penetration of the tapered
tip of the probe unit is established based on the results of laboratory and field tests.
Tests of compacted soil with a sounding unit (static, dynamic or vibration) are
carried out to a depth of 1 m in a construction site. The soil compaction coefficient
is determined based on the results of laboratory experiments using samples taken
from wells drilled at a distance of no more than 1.0 m from the sounding sites. The
considered method is laborious and requires the involvement of additional
equipment in the form of a sounding installation. In addition, the accuracy of the
method significantly depends on the reliability of the used correlation dependence.

[5] as new technological parameters of clay soils for their effective
compaction during the construction of hydraulic structures, it is recommended to
use the values of the consistency index and the coefficient of water saturation of
soils. The coefficient of water saturation of the soil, taken equal to 0.85-0.95, is
used to establish the required density of the soil in a dry state. The required density
of the soil in a dry state is determined by the formula, which, in addition to the
water saturation coefficient, includes the density of particles and the natural
moisture content of the soil. It is assumed that when the soil reaches the required
density, its flocculation structure transforms into a dispersing structure. The
compaction of clay soil to the required density is ensured by the selection of an
appropriate soil compacting mechanism, the type and energy parameters of which
are assigned depending on the indicator of soil consistency. The method can be
used when compacting clay soils.

In the work, the authors propose to use the Talbot equation [6,7] to
determine the density of the "skeleton" of the soil (clay soil containing coarse
inclusions). The equation is a power-law function that allows you to determine the
content of the soil fraction depending on the ratio of the particle diameter of the
fraction to their maximum size in the soil. The method includes:

- construction of curves of granulometry composition based on the Talbot
equation;

- establishment of the envelope curves of the granulometry composition of
the soil;

- determination of the density of soil in a dry state.

The density of the soil in a dry state is determined using a calculation
formula that takes into account the type, heterogeneity and density of soil particles,

30



Mechanics and Technology /

ISSN 2308-9865 Scientific journal

2022, N0.4(78)

as well as the content of various fractions in it. The method allows obtaining
approximate results, since the actual curves of the granulometry composition of
real soils and their mixtures of 100% do not correspond to the curves that are
described by the Talbot equation.

The specialists of JSC "Moscow Institute of Hydraulic Engineering"
recommend controlling the density of coarse-grained soil [8,9], used for the
construction of stone-earth dams, according to the density of the fraction with a
particle size of less than 200 mm. The density of coarse soil in a dry state,
including boulders and lumps, is recommended to be set according to the formula,
depending on the following parameters:

- the percentage of boulders and blocks;

- the average value of the density of particles of boulders and boulders;

- density of the fraction with particle sizes less than 200 mm.

The developed method is acceptable for the case when the density of the soil
is established using samples taken from the pits (reduced size) after laying the soil.

The work provides for the permissible values of the density and moisture
content of the fine-grained component of the soils of proluvial deposits to be
determined according to the graphs built on the basis of the test results of the
samples [10,11]. The graphs show the lines of the minimum and maximum values
of the density and moisture content of the fine-grained component, depending on
its percentage in the composition of crushed-clay soil. The method is proposed for
use in the construction of dams from soils of proluvial deposits and takes into
account the specifics of the variability of the type and properties of the clay
component of these soils.

From the analysis of the research results presented in [4-11], it follows that
the existing methods and methods for determining the parameters of soils are
acceptable only for special cases of earthen structures, because some of them are
characterized by limitations in the type and properties of soils, and for others - high
labor intensity or insufficient reliability.

The methods included in the regulatory documents are devoid of such
disadvantages. These include the methods included in the [12] and the guidance
document [13]. The relevance of the application and the prevalence of these
methods is dictated by the fact that they, to one degree or another, take into account
the peculiarities of the structural composition of soils.

The method presented in the [12] makes it possible to determine the mass of
fine earth, the mass of coarse earth, the density of fine earth in a dry state and the
density of a soil mixture in a dry state. In this case, particles less than 1-5 mm are
taken as a fine-grained component of the mixture. The method sets requirements:

- to the minimum amount of a fine-grained component when constructing
anti-seepage elements of dams;

- to the density of the coarse-grained component at which the suffusion
stability of soils is ensured in case of their possible segregation.

Analysis of the initial equation underlying this method shows that in it the
soil mixture is considered as a dry mixture and its pores are completely filled with
fine earth. But, this does not take into account that the fine earth itself may have
pores, and they may contain water, air and gaseous substances. Therefore, the
parameters of the fine-grained component and the mixture are set without taking
into account the moisture content of the fine-grained soil.

The guidance document [13] includes a method for determining the
following parameters:

- the density of the sand (fine-grained component) in the dry state;
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- the density of solid particles of the soil mixture;

- the density of the stone (coarse-grained component) in a dry state;

- the porosity of the stone;

- the percentage of sand in the soil mixture.

When developing the method, the soil material was adopted as a two-
component mixture in the form of stone and sand with the presence of pores in the
mixture. When developing the method, the authors of the method did not take into
account that the pores of the mixture are pores of both stone and sand. And they
usually contain water, air and gaseous substances. In addition, given that the size of
the coarse earth particles exceeds the size of the fine earth, it can be assumed that
part of the pores of the coarse earth is filled with fine particles.

As can be seen, the considered methods do not take into account the state of
the pores of the soil mixture, i.e. the presence in them of such elements as pore
water, air and gaseous substances, which have a significant effect on the density-
moisture state of the mixture and its components.

Consequently, the reliability of the existing methods is not high enough,
which in turn indicates the relevance of developing a method that is devoid of these
disadvantages. Proceeding from this, the purpose of the research is to solve the
problems of determining the parameters of the components of the soil mixture,
taking into account the presence of water, air and gaseous substances in their pores.
The research provided for the theoretical solution of the following two problems:

- determination of the parameters of fine soil mixture;

- determination of parameters of coarse soil mixture.

Research results. Included the compilation of the initial equations and their
solution using well-known mathematical techniques and rules. The tasks were
solved in relation to the following variants of the states of the soil mixture:

- the first option - the space between the particles of coarse earth is
completely filled with fine earth, the pores of which are partially filled with water,
and the rest

- with air and (or) gaseous substances;

- the second option is the same, only the pores of the fine earth are
completely filled with water.

The following provisions were adopted as prerequisites for solving research
problems:

- the volume of soil mixture in the structure (fill dam) completely occupies
the volume of a specific element (core, anti-seepage device, etc.) of the dam;

- in the soil mixture, fine earth in terms of weight content exceeds the
amount of coarse earth and the properties of the mixture are determined by the
properties of fine earth;

- in the process of laying the soil mixture is subjected to layer-by-layer
compaction at the optimum or close to the optimum moisture content of the fine
soil.

The results of solving research problems are presented below.

Determination of the parameters of fine soil mixture.
First option. The first variant state of the soil mixture is characterized by the
following initial equality
Vmix — VCSO + chor — VCSO + Vf — VCSO + (VfSO + pror) — VCSO +
g
(e +v +vf), )
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where Vi, - volume of soil mixture; V*° - volume of solid particles of coarse soil;
VP°"- pore volume of coarse soil; V; - fine earth volume; V- volume of fine
particulate matter; pror— pore volume of fine earth; VfW - the volume of water in
the pores of the fine earth; Vfg - the volume of air and gaseous substances in the

pores of the fine earth.
The parameters included in the right-hand side of equality (1), based on the
known regularities of soil mechanics, can be set by the following formulas

Ve =mg /pf, @
sto — m]'csO/p;’ (3)
v =mf fpw = wmi®/py, @

Ve = (VP =) = [efVe° = (wpmi®/pw,)] = [(eymi®/pl) —
(wrmi®/pw)] = mi (e /pl —wr/pw), ©)

where m3° - mass of solid particles of coarse earth; p&- density of solid particles of
coarse earth; m7° - fine particulate matter mass; pf - solid particle density of fine
earth; my" - mass of water in the pores of fine soil; p,, - density of water in the
pores of fine earth; wy - fine soil moisture; e - porosity coefficient of fine earth.

Substituting expressions (2) - (5) into equality (1), we can obtain the
following formula

Vinix = (M3 /p€) + {(m3°/pl) + [(wym®/py,) +
mi°(eq/pl —ws/pw)]} = (e /p8) + [(ms°/p) x (1 + ¢f)]} (6)

We accept the following relations

(Vf/Vmix) = Ay, (7)
(Ve* /Vinix) = by, €))
a,+b, =1, 9)

where a,, - coefficient that determines the proportion of the volume of fine earth in
the volume of soil mixture (in fractions of a unit); b, - coefficient that determines
the proportion of the volume of solid particles of coarse earth in the volume of soil
mixture (in fractions of a unit)

Based on relation (7), the formula for determining the volume of fine soil
with a known volume of soil mixture can be represented as the following
expression

Vf = Vmixav, (10)

Based on formula (10), we can obtain a formula for determining the mass of
fine earth in the form of the following expression

33



Constraction Technology

and Engineering Bekbasarov 1., Poyta P., Suienshbayeva K. P.29-44

me = Vinix QP (11)

where py - density of fine earth.
Taking into account formula (6), formulas (10) and (11) can be written as

Vp = {m&/p9) + [(m/pl) x (1 + &) }av, (12)

my = {mg/p$) + [(m3°/p]) x (1 + ef)}avpy, (13)

We take the following relation

me®/m3° = cp7, (14)

where c;;? - coefficient that determines the fraction of the mass of fine earth
from the mass of coarse earth.

Taking into account relation (14), formula (12) can be transformed into the
following expression

Ve = aymf°[(1/cy?p$) + (1 + ef)/pg], (15)

Dividing both sides of equality (15) by the volume of fine earth V; and
taking into account that the ratio m)f" /V is the density of fine earth in the dry state

p};, we can obtain the following formula

ph =1/, [(1/62°0€) + (1 +¢£)/pl], (16)
Taking into account relation (14), formula (13) can be represented as
m; = praym®[(1/c§%p) + (1 +¢7)/pl], (17)

To simplify further calculations in formulas (15) - (17), we take the
following notation

[(1/c°p) + (1 +¢)/pl] =, (18)

Taking into account the accepted notation, formulas (15) - (17) can be
rewritten as

Vs = a,mg’n, (19)

f=1 20
pa = 1/aym, (20)
my = pfavm]fon, (21)

To determine the parameters of fine earth V- and m; using formulas (19) and
(21), it is necessary to know the mass of solid particles of fine earth m7°. It is
known that the soil mixture selected according to the required parameters is
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intended for the construction of a specific element of an earth dam. Therefore, the
volume of the mixture V,,,;, can be taken equal to the volume of the structure
element V.. Then, taking into account relation (7), we can obtain a formula for
determining the parameter m7° in the form

quo = prcjl“ = avaixpcj; = asttPZ; (22)

Substituting formula (22) into formulas (19) and (21), we can obtain the
following expression

Vr = a2Veplm, (23)

my = praZVsepln, (24)

As already mentioned above, the parameter a,, determines the proportion of
the volume of fine earth in the volume of the soil mixture In some cases, it is more
practical to use the fraction of fine earth mass in the total mass of the soil mixture
(parameter a,,). For this, dependence (25) can be used, which reflects the
relationship between these parameters.

Ay = (Vf/Vmix) = (mfpf/mmixpmix) = am(pf/pmix)r (25)

where p,i.- Soil density.

The parameter a,, plays an important role in the selection of the composition
of cohesive soil mixtures, since its value is used to assess the suffusion stability of
the mixture [12]. So, to ensure the suffusion stability of these soil mixtures, it is
recommended to take the parameter a,, value at least 0.5. Therefore, the parameter
for cohesive soil mixtures must satisfy the condition. Therefore, the parameter a,,
for cohesive soil mixtures must satisfy the condition

am = [0-5/(pf/pmix)]i (26)

It is known that the properties of coarse-grained soil with a sandy aggregate
content of more than 40% or a clay aggregate of more than 30% are determined by
the properties of the aggregate. Then, as applied to such soils in formulas (26) -
(28), the density of the soil mixture p,,i, can be taken equal to the density of fine
earth p,ix-

As a rule, the soil mixture, when laid in the body of a structure element, is
subjected to layer-by-layer compaction. In this case, the moisture content of the
fine soil should be equal to the optimum or close to the optimum moisture content
w,. Then, taking into account this condition, the volume and mass of fine earth
according to formulas (23) and (24) can be set taking into account the following
indicators:

- maximum density of fine earth in a dry state pc’;o,

- optimal (or close to it) moisture content of fine soil w,.

In this case, the parameter n is set by formula (18), in which the porosity
coefficient of fine earth e, is determined by formula (27). In turn, the density of
fine earth p¢ , in formula (27) and in formula (24) is determined by formula (28).
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€fo = [p{(l + Wf,o)/pf,o] -1, (27)
pro = (1+ W)k, (28)

where w, and pc’zo- respectively, the optimal (close to it) moisture and
maximum density of the fine-grained component in the dry state, determined from
the test results in accordance with the requirements of the standard [14].

The second option. For the second variant state of the soil mixture, the
original equation can be written in the form

Vinix = Ve*° + chor =V + Ve = V3o + (sto + pror) =V +
(V72 + V), (29)

Taking into account dependencies (2) - (4), expression (29) can be
represented as

Vimix = M /p€) + [(m°/pL) + (wymf®/py)] = {(m°/p€) +
[mge(1/pf +wy/pw)]}, (30)
Applying the mathematical calculations adopted in the derivation of

formulas (19) - (21) on the basis of expression (30), it can obtain the following
dependence for determining the parameters of the fine-grained component

Vi = a,mg2, (31)
ph =1/a,, (32)
ms = pra,ms°a, (33)
1= [1/c52p8) + (1/p1) + (we/pw)], (34)

As can be seen, formulas (31) - (33) and formulas (19) - (21) differ only in
the parameters n and A. Further, performing the actions taken in the derivation of
dependencies (23) and (24), we can write down similar expressions

Ve = agvstpg,o/li (35)

my = pyoaZVsep} o4, (36)

In formulas (35) and (36), the parameter A is determined by formula (34) at
optimal or close to it humidity wy,, and the rest of the parameters are set in the
same way as for dependencies (23) and (24).

Determination of parameters of coarse soil mixture.

The first option. The volume of solid particles of coarse earth, taking into
account relation (8), can be represented as

36



Mechanics and Technology /

ISSN 2308-9865 Scientific journal

2022, N0.4(78)

Vcso = byVix = (1 - av)Vmixy (37)

Substituting expression (6) into formula (37), we can obtain the following
equation

Voo = (1— a){(m/p) + [(m°/pl) x (1 + ¢)]}. (38)

Taking into account relation (14), dividing both sides of equation (38) by the
volume of solid particles of coarse earth V*°and solving the resulting equation for
the density of solid particles of coarse earth p$, we can derive the following
formula

ps = play/bycs?(1+¢p), (39)

Based on formula (38), we can also obtain a formula for determining the
density of coarse soil in a dry state p§. For the equation (38), taking into account
relation (14), is reduced to the following form

Vso = (1— av)mgo[u/pg) + (1 + ef)Crsr?/PI]' (40)

We introduce the following notation

w=(1/p) +[(1+er)eso/o]], (41)

In equation (40), the mass of solid particles of coarse earth m3° is taken as
the product of p5Vpix- Then equation (40), taking into account dependence (41),
can be written in the form

V2 = (1 = ay)pgVmixis (42)

Dividing both parts of expression (45) by a parameter V,,,;, and taking into
account relations (8) and (9), we can obtain a formula for determining the density
of coarse soil in a dry state pg in the following form

pa =1/u, (43)

Taking the volume of soil mixture V,,;, equal to the volume of a structure
element V; formula (42) can be used to determine the volume of solid particles of
coarse earth in the following form

VCSO = (1 - av)pévst:uv (44)

The second option. Substituting formula (30) into expression (37), we can
obtain the following dependence for determining the volume of solid particles of
the coarse-grained component

Vo = (1 a,){(m/pS) + [mg°(1/pL +wr/pw)]} (45)

Taking into account relation (14), dividing both parts of expression (45) by
the volume of solid particles of the coarse-grained component V*° and solving the
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resulting equation for the density of solid particles of coarse earth pS, we can
obtain the following formula

ps = ay/bycso(1/pL +w/py), (46)

Formula (45) can be used to determine the density of the coarse-grained
component in the dry state p5. For this dependence, taking into account relation
(14) is reduced to the following form

VE° = (1 - a,)mE[(1/p€) + c52(1/pL + wr/pw)], (47)

We accept the following notation

¢ = (1/pE) + [es2(1/pL +ws/pw)], (48)

Further, following the steps taken when deriving formula (44), we can obtain
a formula for determining the density of coarse soil in a dry state in the following
form

pa =1/s, (49)

Similarly, performing the actions taken when deriving formula (45), we can
obtain a formula for determining the volume of solid particles of coarse earth in the
following form

Vcso = (1 - ay),DchVstC, (50)

Discussion of results. The research results can be used to implement the
process of conditioning soil mixtures, i.e. to change the moisture content, density
and particle size distribution of their components. In this case, the formulas
concerning the first variant state of soil mixtures are preferably used for their
conditioning in quarries, reserves (warehouses) and transportation. This is due to
the fact that at these technological stages, the mixtures are in a loose state and both
pore water and air (gaseous substances) take place in the pores of their
components. When the mixture is poured into the body of a structure with
compaction, a denser arrangement of solid particles within the mixture occurs.
Particles of fine earth fall into the pores of the coarse earth, the pore volume is
significantly reduced, and the volume of air (gaseous substances) in them reaches a
minimum. At this stage of preparing soil mixtures, it is advisable to use formulas
related to the second variant state, when there is practically no air in the pores
(gaseous substances). To assess the reliability of the formulas proposed to
determine the parameters of coarse-grained and fine-grained components, the
authors conduct appropriate studies. Below the results of studies are to verify the
validity of formula (32).

The studies were carried out using artificial compositions of mixtures
obtained on the basis of heterogeneous coarse gravel soil (the mass of particles
larger than 2 mm - 53.65%) with sandy loam filler (clay filler content - 30.65%).

Six groups of prototypes of a fine-grained component with a particle size of
5 mm and less were compiled by means of dosed selection and addition:
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- 1 group: samples with an increasing content of the fraction ms_, (particles
with a particle size of less than 5 mm and more than 2 mm) at which the weight
content of the fine-grained component by weight increases from 50 to 75%;

- 2 group: samples with an increasing content of the fraction m,_, (particles
with sizes less than 2 mm and more than 1 mm) at which the weight content of the
fine-grained component by weight increases from 50 to 75%;

- 3 group: samples with an increasing content of fraction m;_q 5 (particles
with sizes less than 1 mm and more than 0.5 mm) at which the weight content of
the fine-grained component by weight increases from 50 to 75%;

- 4 group: samples with an increasing content of the fraction mgs_g s
(particles with sizes less than 0.5 mm and more than 0.25 mm) at which the weight
content of the fine-grained component by weight increases from 50 to 75%;

- 5 group: samples with an increasing content of fraction mqs_q, (particles
with sizes less than 0.25 mm and more than 0.1 mm) at which the weight content of
the fine-grained component by weight increases from 50 to 75%;

- 6 group: samples with an increasing content of fraction m,, (particles
with sizes less than 0.1 mm) at which the weight content of the fine-grained
component by weight increases from 50 to 75%.

The increase in the percentage of each experimental fine-grained fraction
was carried out by reducing the percentage of the coarse-grained component
fractions. The percentage of the remaining fractions in the fine-grained component
did not change.

The granulometry composition of coarse-grained soil (with a particle size of
more than 0.1 mm), as well as the micro-aggregate composition of a sandy loam
aggregate (with a particle size of 0.1 mm or less) were established in accordance
with the requirements of the standard [15].

Samples were tested in accordance with the requirements of the standard.
[14]. The samples were compacted by shock loading using the PSU-A device
(manufactured by OOO RNPO RosPribor).

Based on the test results, it was found that the calculated values of the

density of the fine-grained component in the dry state (p();), obtained by formula
(32), are 6.6-22.2% higher than their experimental values (p(];). For clarity, Table 1
shows the research results obtained using samples with an increasing content of the

fraction mg_,, at which the amount of the fine-grained component in the soil (by
weight) increases from 50 to 75%.

Table 1
Research results of samples with increasing fraction content mg_,
Humidity W,% Dry density, t/m® Humidity W, Dry density, t/m®
i % ol | o
50% 55%
1 2 3 4 5 6
2.61 1.698 2.075 2.75 1.737 2.063
4.30 1.716 2.087 4.28 1.751 2.072
6.07 1.725 2.096 6.17 1.762 2.080
7.23 1.763 2.122 7.49 1.836 2.125
9.15 1.844 2.181 9.24 1.929 2.205
10.87 1.960 2.259 10.97 1.98 2.237
1217 1.975 2.270 11.5 1.99 2.246
12.56 1.971 2.268 12.82 1.976 2.238
13.74 1.922 2.235 13.99 1.934 2.207
16.15 1.878 2.204 16.07 1.906 2.188
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Table 1 continuation
1 | 2 3 4 5 | 6
60% 65%
2,89 1,778 2,052 2,81 1,804 2.034
4,26 1,784 2,057 4,43 1,82 2.047
6,26 1,796 2,066 6,51 1,847 2.069
7,75 1,909 2,153 8,15 1,959 2.159
9,33 2,009 2,228 9,88 2,049 2.229
10,78 2,025 2,238 10,51 2,055 2.233
11,18 2,023 2,039 10,85 2,05 2.230
13,21 1,986 2,211 11,86 2,025 2.213
14,24 1,951 2,185 13,62 1,986 2.180
16,09 1,923 2,164 16,08 1,974 2.172
70% 75%
2.69 1.81 2.010 2.920 1.842 1.991
4.15 1.835 2.022 4.567 1.903 2.054
6.43 1.937 2.115 6.366 2.002 2.145
7.11 1.961 2.134 8.092 2.068 2.192
8.84 2.055 2.213 9.132 2.085 2.203
9.99 2.075 2.225 10.14 2.089 2.214
10.45 2.078 2.232 10.65 2.086 2.203
11.04 2.072 2.213 11.65 2.079 2.192
12.99 2.039 2.191 13.23 2.044 2.174
15.99 2.009 2172 15.52 2.019 2.153

In addition, it was revealed that the values of the coefficient K, taken in the

form of the ratio p.// p}, vary in the range from 0.814 to 0.948. The main factors

influencing the values of this coefficient are the moisture content of the fine-
grained component and its amount in the soil composition. Figures 1 and 2 show
the graphs of the change in the coefficient of the specified factors in relation to
samples with an increasing content in the fine-grained component of the fraction
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Figure 1. Change in coefficient K as the moisture content of the fine-grained
component increases from 2.34 to 11.82% and its amount in the soil from 50 to
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Figure2. Change in coefficient K as the moisture content of the fine-grained
component increases from 10.64 to 15.85% and its amount in the soil from 50 to
75%.

Computer processing found that the dependence of the coefficient K on
influencing factors can be described by the following linear function

K =aW + B, (51)

where W - moisture content of the fine-grained soil component in percent; a and 8
- coefficients taken according to Table 2.

The value of the reliability of the data approximation R n 2 according to the
formula (51) is 0.908-0.986.

Table 2
Coefficient values « and 8
The content of the fine-grained Coefficient values
component in the soil, % a | B

until optimum humidity is reached

50 0.0067 0.799

55 0.0058 0.825

60 0.0057 0.845

65 0.0047 0.867

70 0.0040 0.888

75 0.0032 0.907
after reaching optimum humidity

50 -0.0077 0.963

55 -0.0062 0.964

60 -0.0053 0.965

65 -0.0043 0.969

70 -0.0035 0.972

75 -0.003 0.978
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Taking into account dependence (51), formula (32) for practical application
can be represented in the form

ph = K(1/a,d) = (uW + B) x (1/a,A), (52)

Conclusion. Based on the results of the studies performed, the following
conclusions can be formulated:

1. Formulas were obtained to determine the density, weight and volumetric
parameters (indicators) of fine-grained and coarse-grained components of soil
mixtures, taking into account the presence of water, air and gaseous substances in
their pores;

2. The formulas are acceptable for two variants of the state of soil mixtures
and can be used differentially, both before laying (at the design stage and during
experimental work) and when laying soil mixtures into the body of the structure
(during the main types of work).

3. Formula (52) can be used to determine the density of a fine-grained
component in a dry state with sufficient reliability of the results.

In conclusion, it should be noted that the presented solutions were obtained
for the first time and differ from the existing solutions in composition and
structure. For the practical testing of the obtained formulas, it is relevant to carry
out further experimental studies using samples of various soil mixtures.
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WU.U. Bekbacapos?, .C. Noiita?, K.T. CyiteHw6aesa’

IM.X. lynamu amsiHdarel Tapas eHipaik yHusepcumemi, Tapas K., Kazakcmar,
2Bpecm memaekemmik mexHUKanbiK yHusepcumemi, bpecm K., benapyce

TONbIPAK BOTETTEPI S/IEMEHTTEPIHIH, K¥Pbl/1IbIMbIHA APHANIFAH TOMbIPAK,
KOCMA/IAPbIHbIH, ¥CAK, TYMIPLUIKTI TOMbIPAK MAPAMETP/IEPIH AHBIKTAY

AHpaTtna. Tonblpak bGereTTepiHiH 3snemeHTTepiH (Tipey npu3manapbl, e3ekTep,
MOHypnap, 3KpaHAap, Cy3inyre Kapcbl KypbliAfbliap) caayFa apHaAfaH ToOMbIpak,
KocnanapbiHbiH, (ycaK »aHe ipi Tonbipak) Kypamaac 6enikTepiHiH, KenemiH, maccacbiH
YKOHEe TbIFbI3AbIFbIH aHbIKTAy MacenenepiH wewyre 6afbITTanfaH TEOPUANLIK 3epTTeynep
opblHAanfaH. MiHgeTTep TONMbIpaK KafAalblHbIH, €Ki  HyCKacblHa KaTbICTbl *KaHa
TYXbIpbiMAa wWewinreH. BipiHWi Hycka peTiHAe ycaK TyMipWwikTi Tonblpak Kypampaac
6eniriHiH, KeyekTepiHae 60C cy, aya *KoHe ra3 Topi34i 3aTTap OpPbIH affaH XKafaanaa, an
eKiHWIi HyCcKa — ycaK TYMipLWiKTi KOMMOHEHTTIH, KeyeKTepiHae Tek cy 6onfaH Kesgeri
afaanaa.

Tonblpak KOCMACbIHbIH, YCaK TYMWiPLWIKTI »KoHe ipi TYMipWIiKTi TONbIpaKTbIH, Kenemi
MEH MaccacblH aHbIKTayfa MYMKIiHAiK 6epeTiH dopmynanap anviHabl. CoHAal-aK, Tonblpak,
KOCManapblHbIH, KOPCETINTeH eKi HYCKaNbIK KyMi ylWiH ycaK TyMipLWiKTi }KaHe ipi TyMipWwiKTi
TOMbIPAKTbIH  TbIfbl3AblFbIH  aHbIKTayFa  apHanfaH  Gopmynanap  YCbIHbIAFaH.
dopmynanapapl TOMbIPaK KOCNanapbiH KOHANLMANAY NPOLLECIH YKy3ere acbipy CaTbiCbIHAQ,
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AFHW  onapAblH, Kypamzac 6enikTepiHiH,  bINFaNAblIbIFbIH,  TbIfbI3ObIFbIH  KOHE
benweKTepiHiH, MewepiH e3repTy YWiH nNaikganaHy ycbiHblnagabl. byn petTe, Tomblpak,
KOCManapblHbIH, OipiHWi HycKa KyWiHe »KaTaTblH dopmynanap onapabl Kapbepnepae,
Kopnapaa (KoMmanapaa) xaHe TacbiMangayZa KoHAUUMANAY YWiH KONAAHbINYbI bIHFalIbI
6onbin Tabblnaabl. Kypfak Kyingeri ycak TyMipLWiKTi KOMMNOHEHTTIH, TbIfbI3AbIFbIH aHbIKTAY
dbopmynacblH TeKcepy HaTuKenepi KenTipiareH. YcblHbiAfaH dopmyna  Tonbipak
KOCMACbIHAAFbl YCaK TYMIPLWIiKTi TONbIPAKTbIH, ¥XaHe ipi TYMipLWiKTi TONbIpaKTblH, MaccacbiH
YKOHE KenemiH aHblKTayFa MYMKIHAIK 6epeai.

TipeK ce3gep: ToMblpaK KOCNacbl, YCaK TYMipWIiKTi Tonblpak, ipi TyMipLwiKTi
TONpPbIPaK, KeAeMm, Macca, TbifbI3gbIK.

WU.N. Bekbacapos?, .C. Noiita?, K.T. CyiteHw6aesa?

Tapasckull peauoHansHbil yHusepcumem um. M.X. flynamu, 2. Tapas, Kazaxcmat,
2Bpecmckuli 2ocydapcmeeHHsbili mexHudyeckull yHueepcumem, 2. Bpecm, Benapyce

OB ONPEAENEHUM NAPAMETPOB ME/IKO3EPHUCTOIO KOMMOHEHTA rPYHTOBOW
CMECU AN1A YCTPOMCTBA 3/IEMEHTOB HACbIMHbIX 3EMIAHBIX MN/IOTUH

AHHOTauuA. BbINoNHEHbl TeopeTUYecKMe UCCeAO0BaHUA, HanpaB/ieHHble Ha
pelueHWe 33434 No onpegeneHnio GU3NYECKUX NapameTpoB KOMMNOHEHTOB (Mesiko3éma U
KPYnHO3éma) TrpyHTOBbIX CMecel, npeAHasHa4YeHHbIX ANA YCTPOWCTBA 3/1eMEHTOB
(ynopHbix npu3m, Agep, MNOHYPOB, 3KPAHOB, MPOTUBOGWIBTPALLUOHHBIX YCTPOWCTB)
HaCbIMHbIX 3eMAsAHBIX NAOTUH. 3aZ,a4M peLleHbl B HOBOM MOCTAaHOBKE MPUMEHUTENBHO K
[IBYM BapuaHTam COCTOSIHUS TPYHTOBOM CMecu. B KauecTBe NepBOro BapuaHTa,
paccMOTpEH C/lyyail, Korga B nopax Menko3éma MmeeT mecTo cBoboAHaA BoAa, BO3AyX U
ra3oobpasHble BeLLeCTBA, M BTOPOIN BapWaHT, Korga B Mopax MesKo3éma HaxomutcA
TO/IbKO BOAA.

MonyueHbl GopMybl, NO3BONAIOLME YCTAHABANBATL OOBEM U MacCy MESIKO3EMa U
KpynHo3éma rpyHToBOW cmecu. MNpeacTaBneHbl Takke GOpMy/bl MO ONpeAeseHuto
NAOTHOCTM Me/IKO3éMa U KPYNHO3EMa A/ YKasaHHbIX [BYX BapWaHTHbIX COCTOAHMUM
rPyHTOBbIX cmecel. Popmy/ibl peKOMeHZyHTCA UCNOoAb30BaTb Ha CTaguM peanusauuu
npouecca KOHAMLMPOBAHWA TPYHTOBbIX CMeCcel, TO eCTb ANA U3MEHEHWA BJIaKHOCTMH,
MAOTHOCTM U TPaHY/IOMETPUYECKOrO COCTaBa WX KOMMOHEHTOB. Mpu 3atom dopmynbl,
OTHOCSILLME K NEepBOMY BapWaHTHOMY COCTOSIHWMIO FPYHTOBbLIX CMeCel, NpeanoyTUTebHO
UCNosb3oBaTb MPU  WMX KOHAMUMPOBAHWM B Kapbepax, pesepBax (cknagax) w
TpaHcnopTMpoBKe. [lpuBefeHbl pe3ynbTaTbl MPOBepPKUM GOpMyabl NO  ONpeaeneHuto
NAOTHOCTM ME/IKO3ePHUCTOrO KOMMOHEHTA B CYXOM COCTOSAIHWM.

HoBu3Ha nonydyeHHbix ¢opmyn 3aknoyaeTcs B TOM, 4YTO B OT/IMYMe OT
CYLLIECTBYHOLLUMX, OHW YYMTHIBALOT HA/IMUYME B COCTaBE FPYHTOBbIX CMecei cBO6OAHOW BOAbI,
BO34yXa M ra3oobpasHbiX BELLECTB, KOTOPble OKa3biBAKOT CYLIECTBEHHOE B/USHWE Ha
YNNOTHAEMOCTb CMeCeN.

KnioueBble cnoBa: rpyHTOBas CMeCb, Me/IKO3éM, KpymHO3ém, obbem, Mmacca,
NAOTHOCTb.
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