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The results of determining the rational content of granite gravel and sand fractions for

concrete products subjected to vibration pressing, aimed at achieving a high degree of

compaction, are presented. The analysis of experimental data consecutively narrowed

the concentration range of mixture compositions with high values of bulk density and

compaction coefficients, identifying the optimal composition of charge fractions (wt.%):

37.5 – 5–10 mm granite gravel; 25 – 2–5 mm granite gravel; and 37.5 – 0–0.3 mm sand.

The simplex-lattice method was used for mathematical processing of the experimental

results. Based on the analysis of regression equations and «composition vs. property»

diagrams, the regularities of changes in bulk density under loading and the compaction

coefficient of three-fraction mixtures, depending on their composition, were established.

Deviations between experimental and calculated data were 1.5–2.8% and 2.1–3.2% for

bulk density under loading and compaction factor, respectively, confirming a high degree

of accuracy in predicting the specified properties of three-fraction mixtures and the

relevance of the obtained mathematical models.
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Introduction
Sustainable development has been defined by

the United Nations as «development that meets the
needs of the present without compromising the ability
of future generations to meet their own needs – by
attempting to balance social, economic and
environmental effects». Among the key areas of
sustainable development, the modern building materials
industry resonates with Goal 9 «Build sustainable
infrastructure, promote inclusive and sustainable
industrialization and foster innovation»1.

Achievements in sustainable construction and
the green building movement in recent decades have
encouraged materials scientists to study building
materials and their production methods in detail.
Modern concrete science plays an invaluable role in
achieving the goals of reducing ecological harm to the
environment and providing the most beneficial use of
concrete in sustainable design, with a focus on the
environmental impact as well as the health and safety
of workers and consumers.

For practical use in green building, concrete

1 Resolution adopted by the United Nations General Assembly on 6 July 2017 [without reference to a Main Committee

(A/71/L.75)] 71/313. Work of the Statistical Commission pertaining to the 2030 Agenda for Sustainable Development.

https://documents.un.org/doc/undoc/gen/n17/207/63/pdf/n1720763.pdf (date of application 01.08.2024).
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should be strong, durable, and preferably immune to
any environmental factors causing damage or
deterioration. It must have the ability to withstand
elevated or reduced ambient temperatures to insulate
interior spaces, not to mention its ability to provide
soundproofing, making it an ideal building material
anywhere in the world. Efficiently used, quality
engineered concrete can contribute greatly to the
creation of sustainable buildings, bridges and other
infrastructures necessary for the successful future of
any country [1].

Concrete has been popular for many decades
due to three distinctive characteristics: plasticity,
durability and economy. In its mobile state, concrete
can be poured into any shape, filling any space,
covering any surface. After setting and hardening, it
retains its shape, becoming stronger, harder and more
stable over time [2,3].

Concrete can be waterproof, storm resistant and
fire resistant if it is made according to the necessary
requirements from quality raw materials. This provides
concrete structures with long-term trouble-free
operation.

Practicing civil engineering specialists favor
concrete compositions based on classical or modern
methods of concrete selection. The methods used are
experimental (laboratory tests), empirical (semi-
empirical) and analytical. Currently, the selection of
concrete composition is focused on methods that are
based on numerical modeling [4].

The basis of quality concrete is the proper
selection of aggregate particle size distribution, which
allows achieving the most dense packing of grains
and, as a consequence, increased compressive strength,
water and frost resistance [2,3].

As the most common coarse aggregate, granite
gravel of different fractions is used, and sands with
different grain size modulus are used as a fine-grained
component. The hydraulically active component of
the developed mixes is slag-alkali binder [5]. In
previous studies, when using gravel of different fractions
in the concrete composition, the content of fine and
medium fractions of aggregate was limited, which led
to further deterioration of the quality of concrete
products due to reduced workability [6].

In connection with the above-mentioned, the
purpose of the work was to clarify the developed
experimental methodology for selecting a rational
granulometric composition of three-fractional charge
containing granite gravel and sand, taking into account
the increased workability for pressed and vibro-pressed
products.

Materials and methods
Granite gravel (Poltava region, Shmatkivske field)

of fractions 5–10 mm (designated as X), 2–5 mm
(designated as Y), as well as sand (Kremenchuk city,
PJSC «Kremenchuk River Port») with grain size less
than 0.3 mm (designated as Z) were used for
experimental studies. The components of the charge
were dosed, mixed and poured into the measuring
device, a cylindrical container with a plug and a load
with a rod and ruler. A ball-shaped copter was suspended
coaxially with respect to the cylindrical container.
For the tests, the copter was moved away from the
vertical axis at a distance of 400 mm (between the
center of the ball and the center of intersection of the
cylindrical vessel axis with the concrete base) and
released, which resulted in a point impact of the ball
against the outer part of the measuring device and
shaking of the charge in it. After each 0, 5, 10 and
15 impacts, the height of the charge layer in the
cylindrical vessel was measured. According to the
measurement results, the corresponding bulk density
of the charge under the load (ρi, where the number of
copra beats i=0; 5; 10; 15) and the packing factor of
particles in the corresponding charge as the ratio of
the maximum value of the height of the charge layer
to its minimum value (Kó) were calculated.

For convenience in analyzing the test results,
the charge compositions were graphically represented
by points, the coordinates of which are shown by the
lower indices (k, l, m) in the formula entry XkYlZm,
which corresponds to the content of the corresponding
fraction (in mass per cent) in a particular charge.

The use of methods of experiment design allows
reducing considerably the volume of experiment at
studying multicomponent systems. In addition, there
is no need in spatial representation of complex surfaces,
as properties can be determined from equations. At
the same time, the possibility of graphical interpretation
of the results is preserved. To generalize the regularities
of changes in ρi and Kó with changes in the
composition of the charge under study, we used the
method of mathematical planning of experiment -
the Scheffe’s simplex lattice method [4].

Results and discussion
Based on the results of previous studies, in order

to clarify the ratio of the number of adjacent aggregate
fractions in a multidimensional space, a region bounded
by the elements of the structure of three contiguous
triangles, which highlight the concentration region in
the form of a trapeze, was selected (Fig. 1).

It is in this area that the experimental search
for charges with possibly higher compactibility under
similar test conditions was carried out. The data for
calculations for the charges corresponding to the
triangle vertices are given in Table 1.
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For further tests, seven charges were selected,
the compositions of which belong to the midpoints of
the triangles sides that make up the trapezoidal
concentration region in Fig. 1; the results of
calculations of ρi and Kó values are summarized in
Table 2.

For all tested charge compositions (Table 2),
the regularities of changes in ρi and Kó are preserved:
the charge compact as the number of copra beats
increases. It is important to point out that composition

No. 7 (Table 2) has a value of ρ15 higher than all 
other ones, including those previously studied 
(Table 1). Also high values of ρ15 are observed for 
charge compositions No. 4 and No. 3 (Table 2), but 
the value of ρ15 for the previously tested composition 
No. 5 (Table 1) is higher.

In accordance with the maximum values of ρ15 
for compositions No. 7 (Table 2), No. 5 (Table 1) 
and No. 3 (Table 2), there are formal reasons for the 
subsequent search for rational charge compositions in 
the concentration region limited by the points of the 
above-mentioned compositions. However, there are 
arguments against it, because between the points of 
compositions No. 7 and No. 3 (Table 2), there is 
located (Fig. 1) the point of already investigated 
composition No. 6 (Table 2), for which the value of 
ρ15 is one of the lowest (Table 2). Therefore, in order 
to further narrow down the search area for rational 
compositions, it was decided to test those that are 
below the segment between the points of compositions 
No. 7 (Table 2) and No. 5 (Table 1), specifically, 
four compositions: three of them correspond to the 
midpoints of the sides of a regular triangle with vertices 
corresponding to the points of compositions No. 7 
(Table 2), No. 5 (Table 1) and No. 5 (Table 2), and 
also one composition corresponding to the point of 
the center of symmetry of the marked triangle. These 
compositions are numbered with Roman numerals 
and marked with crosses in Fig. 1. The results of 
calculations of ρi and Kó for the compositions of 
charges I–IV are presented in Table 3.

Fig. 1. Points and formula entry of the charge for tests in the

selected area of the concentration triangle (explanation of the

points of the compositions marked with crosses and numbered

with Roman numerals is given later in the text)

Table 1

Results of calculations by triangle vertices according to the experimental design (Fig. 1)

Table 2

Results of calculations according to the experimental design (Fig. 2)
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None of charges I–IV (Table 3) has a value of
ρ15 greater than that of charge No. 7 (Table 2). In
Table 3, the maximum value of ρ15 can be observed
for charge No. IV and a slightly lower value for charge
No. II. Exactly the points of charge No. 7 (Table 2)
and charges No. II and IV (Table 3) make up a
triangle, highlighting the most rational concentration
area of granulometric composition. Moreover, the
composition No. 7 (Table 2) should be recognized as
optimal at this stage of research. For further
experiments, we chose a promising concentration area
in the above triangle: closer to the top of the sharp
angle corresponding to the point of composition
No. 7 (Table 2, and Fig. 1).

The availability of experimental results for the
charge compositions corresponding to the vertices and
midpoints of the sides of each of the three triangles
within the trapezoidal concentration area (Tables 1
and 2) justified the application of the simplex-lattice
Scheffe’s method using a second-order polynomial
for each triangle. The distribution of the ρ15 isolines
within the concentration region, defined by the vertices
of the first triangle (Fig. 2), shows a monotonic
increase in ρ15 values. This increase extends from the
charge composition point X25Y50Z25 at the apex of the
triangular lattice toward its central region, with two
prominent directions of further increase: towards
X25Y25Z50 (where ρ15 values exceed 1.88) and along
the side of the triangular lattice between X25Y50Z25

and Y50Z50. The highest ρ15 values (greater than 1.89)
are observed within the concentration range (wt.%):
63–93% Y50Z50, 7–37% X25Y50Z25, and up to 7%
X25Y25Z50. Notably, this concentration range also
exhibits high Êó values, as shown by comparing
Figs. 2 and 3.

In Fig. 3, the region of compositions with high
Êó values (greater than 1.1) is extensive and completely
covers the region of compositions with high ρ15 values
noted in Fig. 2.

The second triangle of the trapezoidal region
(Fig. 1) is characterized by higher values of ρ15 and a
monotonic growth in the direction from the
composition point X25Y50Z25, corresponding to the top
of the triangular simplex lattice (Fig. 4), to the side
X25Y25Z50–X50Y25Z25. On this side, the isoline ρ15>1.93

Table 3

Results of ρρρρρi and Êó calculations for charge compositions I–IV

No. Formulaic entry of the composition ρ0 ρ5 ρ10 ρ15 Ку 

I X37.5Y18.75Z43.75 1.644 1.733 1.782 1.807 1.099 

II X33.33Y20.83Z45.84 1.757 1.820 1.860 1.874 1.066 

III X31.25Y25Z43.75 1.800 1.782 1.807 1.883 1.072 

IV X31.25Y18.75Z50 1.757 1.820 1.873 1.901 1.082 

Fig. 2. Isolines of ñ15 values according to the regression

equation  ρ15=1.71x1+1.833x2+1.887x3+0.406x1x2+0.086x1x3 in

the concentration limits of the first triangle of compositions

Fig. 3. Isolines of Kó values according to the regression

equation Êó=1.06x1+1.094x2+1.052x3+0.192x1x2+0.12x1x3 in

the concentration limits of the first triangle of compositions
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highlights a narrow concentration region (X50Y25Z25

from 29 to 50 wt.%) with maximum values of ρ15. At
the same time, the marked region is not characterized
by simultaneously high values of Êó, which is clearly
evident from Fig. 5.

In the considered triangle of the simplex-lattice,
the values of Kó are lower than in the first triangle
(comparing Figs. 3 and 5). Isolines with maximal Êó

values greater than 1.08 tend to the side X25Y25Z50–
X25Y50Z25 at the content of the last composition from
30 to 75 wt.%.

In the third triangle of the trapezoidal region
(Fig. 1), the values of ρ15 are also, as in the second
triangle, lower than in the first of them (comparing
Figs. 2, 4 and 6). Isolines with ρ15=1.86 highlight in
the simplex lattice a wide band of charge compositions
with values ρ15=1.87–1.88.

At the same time, in the central zone of this
band a saddle-shaped region with reduced values of
ρ15 is noted, and in the direction to the top X25Y25Z50

and side X50Z50–X50Y25Z25 (content of the latter 57–
72 wt. %), ρ15 increases up to the limiting value of
1.88 in this case.

Fig. 4. Isolines of ρ15 values according to the regression

equation

ρ15=1.82x1+1.71x2+1.887x3+0.168x1x2+0.306x1x3+0.086x2x3 in

the concentration limits of the second composition triangle

Fig. 7. Isolines of Ky values according to the regression

equation

Êó=1.08x1+1.064x2+1.053x3–0.032x1x2+0.112x1x3–0.112x2x3

in the concentration limits of the third triangle of compositions

Fig. 5. Isolines of Ky values according to the regression

equation

Êó=1.064x1+1.06x2+1.052x3+0.008x1x2–0.112x1x3+0.12x2x3 in

the concentration limits of the second triangle of compositions

Fig. 6. Isolines of ρ15 values according to the regression 

equation

ρ15=1.846x1+1.82x2+1.887x3–0.052x1x2–0.134x1x3+0.306x2x3 

in the concentration limits of the third triangle of compositions
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Comparison of Figs. 6 and 7 indicates that in
the analyzed case the concentration region of
compositions with high values of ρ15 is not
simultaneously marked by high values of Ky.

Isoline Ky=1.09 highlights the optimal for this
case relatively narrow zone of charge compositions
within the content (wt.%): 30–61% X50Z50, 39–70%
X25Y25Z50 and 0–10% X50Y25Z25.

Analyzing the totality of results of mathematical
planning of experiments on all three triangles of the
trapezoidal area (Fig. 1), it should be noted that the
search for promising compositions was carried out in
the right direction, because the isolines with high
values of ρ15 pass between the points of charge
compositions X50Y25Z25 and X 25Y25Z50. The
compositions with maximum values of ρ15 are
concentrated on the corresponding sides of simplex-
lattice triangles (Figs. 4 and 6), and according to
Fig. 2, the isolines with high values of ρ15 are also
drawn to the point of composition X25Y25Z50.

At the same time, the expected values of Ky in
the marked promising region of compositions will
not be maximal: in the range of 1.04–1.06 based on
Figs. 3, 5 and 7. It is possible to predict an additional
area of promising compositions not covered by the
experiments: a triangle with vertices X25Y25Z50–
X37.5Y25Z37.5–X25Y37.5Z37.5 (Fig. 1), within which isolines
ρ15 have high values (Figs. 4 and 6).

For the last fourth series of experimental data
(Table 3), the experimental design took into account
the presence of results for ρ15 and Ky for the points of
charge compositions at the vertices, at the midpoints
of the sides and in the center of symmetry of the
triangle X25Y25Z50–X37.5Y12.5Z50–X37.5Y25Z37.5, which
determined the search for the regression equation in
the form of a polynomial of incomplete third order.
The graphical representation of the values of ρi

calculated for this case is presented in Fig. 8.
In Fig. 8, two concentration regions with high

values of ρ15 (more than 1.90) are clearly delineated
by isolines with ρ15=1.88: a narrow zone near the
side X25Y25Z50–X37.5Y12.5Z50 (within concentrations
(wt.%): 15–51% X37.5Y12.5Z50, 49–85% X25Y25Z50 and
0–7% X37.5Y25Z37.5) and an almost triangular in shape
region near the apex of the triangle X37.5Y25Z37.5.

The peaks of this region correspond to the
following: (1) 92 wt.% of X37.5Y25Z37.5 content on the
side X37.5Y12.5Z50–X37.5Y25Z37.5; (2) 15 wt.% of X25Y25Z50

content on the side X25Y25Z50–X37.5Y25Z37.5; and (3)
the composition point of the top of the simplex-
lattice triangle itself X37.5Y25Z37.5. It is these areas of
charge compositions should be singled out as promising
for further experimental studies.

The values of Ky in the noted promising areas

Fig. 8. Isolines of ρ15 values according to the regression

equation ρ15=1.833x1+1.93x2+1.887x3–0.298x1x2+0.164x1x3–

–0.102x2x3+0.078x1x2x3 in the concentration limits of the

fourth triangle of compositions

Fig. 9. Isolines of Ky values according to the regression

equation

Êó=1.094x1+1.03x2+1.052x3+0.148x1x2+0.036x1x3+0.124x2x3–

–0.726x1x2x3 in the concentration limits of the fourth

triangle of compositions

 

 

 

are low, which is in agreement with the previously
analyzed results of mathematical planning Ky in the
triangle of charge compositions X50Y25Z25–X25Y25Z50–
X37.5Y12.5Z50 (Fig. 1), which includes the triangle studied
in this case (Fig. 9). The narrow zone of charge
compositions with high values of Ky is highlighted in
Fig. 9 by the isoline ρ15=1.1, and the zone itself is
located near the side of the triangle X37.5Y12.5Z50–
X37.5Y25Z37.5, but from the opposite end, not where the
maximum values of ρ15 are marked.
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To check the relevance of the obtained regression
equations and the possibility of using their graphical
interpretations in the prediction of charge compositions
with predetermined values of ρ15 and Ky, a control
experiment was performed for the reference charge
composition X31.25Y21.875Z46.875, which belongs to the
concentration region of the triangle X25Y25Z50–
X37.5Y12.5Z50–X37.5Y25Z37.5. Checking the calculated values
of ρ15 and Ky by regression equations in the refined
concentration region of the simplex-lattice, in which
the reference composition of the charge is directly
located (Figs. 8 and 9), showed the following deviations
from the experimental values: with an excess of 1.5%
and a decrease of 2.1%, respectively. Such small
deviations of calculated and experimental data limited
further statistical analysis of the adequacy of the
obtained regression equations, providing high accuracy
of prediction of the sought characteristics, and therefore
the mathematical models are relevant.

The predicted availability of the search in further
experiments, closer to the conditions of
vibrocompression, provides for the study of the charge
between the compositions X25Y25Z50 and X37.5Y25Z37.5,
which allows us to graphically interpret the relationship
between the fractions of the charge and their content
(Fig. 10).

Conclusions
The results of determination of rational content

of fractions of granite gravel and sand for concrete
ejected products, meeting the conditions of
achievement of high degree of compactability are
presented.

Analysis of the results of experimental studies
successively narrowed the concentration area of charge
compositions with high values of their bulk density
and compaction coefficients, highlighting the rational

composition of charge fractions (wt.%): 37.5% –
fraction 5–10 mm granite gravel; 25% – fraction
2–5 mm granite gravel; and 37.5% – fraction
0–0.3 mm sand. For mathematical processing of
experimental results, simplex-lattice method was used.
According to the results of analysis of regression
equations and diagrams «composition vs. property»,
the regularities of changes in bulk density under loading
and compaction factor of three-fractional charges
depending on their composition were established. The
deviations between experimental and calculated data
amounted to 1.5–2.8% and 2.1–3.2% for bulk density
under loading and compaction factor, respectively,
which confirmed a high degree of accuracy in
predicting the specified properties of three-fraction
charge and relevance of the obtained mathematical
models. According to the results of mathematical
processing of experimental data, the concentration
area of charge with variation of compositions within
the limits of changes in the content of fractions (wt.%)
is predicted promising for practical application:
25–37.5% granite gravel 5–10 mm; 25% granite gravel
2–5 mm; and 25–50% sand 0–0.3 mm.
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Fig. 10. Region of rational content of fractions in charge (with

high values of ρ15)
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ÎÏÒÈÌ²ÇÀÖ²ß ÑÏ²ÂÂ²ÄÍÎØÅÍÍß ÑÓÌ²ÆÍÈÕ
ÔÐÀÊÖ²É ÇÀÏÎÂÍÞÂÀ×À ÄËß ÁÅÒÎÍÓ ÍÀ
ØËÀÊÎËÓÆÍÎÌÓ Â’ßÆÓ×ÎÌÓ

Ã.Ì. Øàáàíîâà, Ñ.Ì. Ëîãâ³íêîâ, Â.Ì. Øóìåéêî,
À.Ì. Êîðîãîäñüêà, Â.À. Ñâ³äåðñüêèé, Ã.Â. Ë³ñà÷óê,
Ì.Ä. Ñàõíåíêî, Â.Â. Âîëîùóê, Ä.À. Êóä³é

Íàâåäåíî ðåçóëüòàòè âèçíà÷åííÿ ðàö³îíàëüíîãî âì³ñòó 
ôðàêö³é ãðàí³òíîãî ãðàâ³þ òà ï³ñêó äëÿ áåòîííèõ âèðîá³â, 
ÿê³ â³áðîïðåñóþòüñÿ, ç ìåòîþ äîñÿãíåííÿ âèñîêîãî ñòóïå-
íÿ óù³ëüíþâàíîñò³. Àíàë³ç ðåçóëüòàò³â åêñïåðèìåíòàëüíèõ 
äîñë³äæåíü äîçâîëèâ ïîñë³äîâíî çâóçèòè êîíöåíòðàö³éíó 
ä³ëÿíêó ñêëàä³â øèõò, ùî ìàþòü âèñîê³ çíà÷åííÿ íàñèïíî¿ 
ù³ëüíîñò³ òà êîåô³ö³ºíò³â óù³ëüíåííÿ, âèçíà÷èâøè ðà-
ö³îíàëüíèé ñêëàä ôðàêö³é øèõòè (ìàñ.%): 37,5 – ôðàêö³ÿ 
5–10 ìì ãðàí³òíîãî ãðàâ³þ, 25 – ôðàêö³ÿ 2–5 ìì ãðàí³òíî-
ãî ãðàâ³þ òà 37,5 – ôðàêö³ÿ 0–0,3 ìì ï³ñîê. Äëÿ ìàòåìà-
òè÷íîãî îáðîáëåííÿ ðåçóëüòàò³â åêñïåðèìåíò³â çàñòîñîâà-
íî ñèìïëåêñ-ðåø³ò÷àñòèé ìåòîä ìîäåëþâàííÿ. Çà ðåçóëü-
òàòàìè àíàë³çó ð³âíÿíü ðåãðåñ³¿ òà ïîáóäîâè ä³àãðàì «ñêëàä–
âëàñòèâ³ñòü» âñòàíîâëåíî çàêîíîì³ðíîñò³ çì³í íàñèïíî¿ 
ù³ëüíîñò³ ï³ä ïðèâàíòàæåííÿì ³ êîåô³ö³ºíòà óù³ëüíåííÿ 
òðèôðàêö³éíèõ øèõò çàëåæíî â³ä ¿õ ñêëàäó. Â³äõèëåííÿ 
ì³æ åêñïåðèìåíòàëüíèìè òà ðîçðàõóíêîâèìè äàíèìè ñêëàëè 
1,5–2,8% çà íàñèïíîþ ù³ëüí³ñòþ ï³ä ïðèâàíòàæåííÿì òà 
2,1–3,2% çà êîåô³ö³ºíòîì óù³ëüíåííÿ, ùî ï³äòâåðäèëî 
âèñîêó òî÷í³ñòü ïðîãíîçóâàííÿ çàäàíèõ âëàñòèâîñòåé òðè-
ôðàêö³éíèõ øèõò i ðåëåâàíòí³ñòü îòðèìàíèõ ìàòåìàòè- 
÷íèõ ìîäåëåé.

Êëþ÷îâ³ ñëîâà: çðó÷íîóêëàäàëüí³ñòü, òðèôðàêö³éíà
øèõòà, ãðàí³òíèé ãðàâ³é, ï³ñîê, ìàòåìàòè÷íå ìîäåëþâàííÿ,
ïëàíè Øåôôå, ð³âíÿííÿ ðåãðåñ³¿.

OPTIMIZATION OF THE RATIO OF ADJACENT
AGGREGATE FRACTIONS FOR SLAG-ALKALI BINDER
CONCRETE

H.N. Shabanova a, S.M. Logvinkov b, V.N. Shumeyko a,
A.N. Korohodska a, *, V.A. Svidersk³i c, G.V. Lisachuk a,
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The results of determining the rational content of granite
gravel and sand fractions for concrete products subjected to
vibration pressing, aimed at achieving a high degree of compaction,
are presented. The analysis of experimental data consecutively
narrowed the concentration range of mixture compositions with
high values of bulk density and compaction coefficients, identifying
the optimal composition of charge fractions (wt.%):
37.5 – 5–10 mm granite gravel; 25 – 2–5 mm granite gravel;
and 37.5 – 0–0.3 mm sand. The simplex-lattice method was
used for mathematical processing of the experimental results.
Based on the analysis of regression equations and «composition
vs. property» diagrams, the regularities of changes in bulk density
under loading and the compaction coefficient of three-fraction
mixtures, depending on their composition, were established.
Deviations between experimental and calculated data were
1.5–2.8% and 2.1–3.2% for bulk density under loading and
compaction factor, respectively, confirming a high degree of
accuracy in predicting the specified properties of three-fraction
mixtures and the relevance of the obtained mathematical models.

Keywords: workability; three-fraction mixture; granite
gravel; sand, mathematical modeling; Scheffe’s plans; regression
equation.
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