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AnHoramus. B cTaThe TIpUBEIEHBI PE3YIIBTATHI HAY YHO-MCCIEIOBATENLCKUX PAboT Mo pa3paboTKe CBOWCTB
BSIKYILMX BEIIECTB C KOMILIEKCHO-MUHEPATbHBIME U O[HOBPEMEHHO XUMHYECKUMHE T00ABKAMI U OTIPEeJIeHbI
onTHUMaJbHBIe cocTaBbl. [IpiMeHeHnre 0TX010B MeCTHOI ITPOMBINITIEHHOCTH B KadeCTBe BTOPUYHOTO CBHIPBS
TIPY TIPOU3BO/ICTBE HOBBIX I COBPEMEHHBIX BUJIOB CTPOMTEIBHBIX MaTepHasoB, a UMEHHO MUHEPAJIbHBIX MeJl-
KOIMCTIEPCHBIX 06aBOK, obectedenrie (HOPMUPOBAHNS TIIIOTHON ¥ MPOYHOI CTPYKTYPbl GETOHHON CMecH,
JOCTHUTAIONIENH TaKUX CBOWCTB, KaK MPOYHOCTH, MOPO30YCTONINBOCTD, 6€3 OKa3aHUsI HETATHBHOTO BJIVISTHUSI
n06ABOK Ha MPOIECC THPATAIINH [IEMEHTa, Ha CBOICTBA BSIKYIIETO, UTO SABJISETCS OJHON M3 CaMbIX [VIABHBIX
1 aKTyaJbHBIX B HACTOsiliee BpeMs obiacreil mccrenoBanuii [1-12]. Ha ceropusintanii 1eHs — Hapsiay ¢
BOJIOM, HATIOJIHUTEJIEM U BSIKYIIUM — 00s3aTeJIbHBIM KOMIIOHEHTOM GETOHHOI cMecu craiu aobasku. Cpeau
MHO’KECTBA BU/IOB XMMUYECKUX J00ABOK OT/EJbHOE MECTO 3aHUMAKOT MJIACTH(GUKATOPBI, OCOOEHHO caMble
acdexTnBHBIE U3 HUX — cymepruracTudukatops! [1-12].UTto kacaeTcss MecTHOH CTPOMTETHHON MPAKTUKH,
cJeflyeT OTMETHTbh, UTO MCIOIb30BAHNE CYTEPIIacTH(GUKATOPA B TEXHOJIOTUN CTPOUTETHCTBA MOHOJTUTHBIX
3[aHUI B CTPaHE HAXOUTCS HA O4€Hb HU3KOM YPOBHE. ITO MOKHO OOBSICHUTD TeM, UTO, BO-TIEPBBIX, B Y30eKu-
cTaHe IPOU3BOAUTCS MAJI0 XUMHYECKUX 00ABOK JIJIsI 11eJIeBOr0 OETOHA, B TOM YHCJIE CYTIepIIacTU(OUKATOPOB,
a BO-BTOPBIX, TAKKe OY€Hb aKTyaJbHBIM BOIPOCOM SIBJISIETCS NTPOBEJICHIE CPABHUTENBHBIX HCCJIEIOBAHII
MMEIOTIUXCST B IPOJIAsKE CYTIEPILIACTH(IKATOPOB 1 pa3paboTKa PEKOMEHIAIINH 1O UX MTPAKTHIECKOMY MpUMe-
HEHNTO.

KioueBble ciioBa: KOMILIEKCHBIE [[O6aBKI/I, IIPOMBIIIJICHHBIC OTXO/Ibl, BTOPUYHbIEC MaT€pUuaJibl, 30JI1a-yHOC,
OTXO/IbI Mel[eHHaBHHbHOﬁ HNPOMBIINIJIEHHOCTHU, XUMHUYECKUE Z[O6aBKI/Iy IIPOYHOCTD, AOJITOBEYHOCTH
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AHoTanig. Y crarTi HaBeZleHI Pe3yJbTaTH HAYKOBO-AOCIMHUX POBIT 3 PO3POOKU BIACTUBOCTEN B'SIKYUMX
PEYOBUH 3 KOMIIJIEKCHO-MiHEPATbHUMU 1 BOHOYAC XIMIYHUMHU 00aBKaM¥ i BUSHAYEHI ONTHMAIbHI CKJIaIH.
3acTocyBaHHs Bi/IXO/iB MiCIIEBOI IPOMUCIOBOCTI sIK BTOPUHHOI CHPOBWHU TIPH BUPOOHUIITBI HOBUX 1 Cyvac-
HUX BU/IiB OyAiBEbHUX MaTepiasiB, a caMe MiHepaIbHUX JAPiOHOMMCIIEPCHUX T06ABOK, 3a6e3medeHHst (hopmy-
BaHHS MIIJIBHOT i MIIIHOT CTPYKTYpPH GETOHHOI CyMiTITi, 1110 HabyBa€ TaKUX BJACTUBOCTEH, SIK MillHICTh, MOPO-
30CTilKicTh, 63 HaflaHHsI HEraTHBHOTO BIUIMBY 06aBOK Ha IIPOIEC TiJpaTallii eMeHTy , Ha BJIACTHBOCTI
BSIKYYOTO, 1[0 € OAHIEI0 3 HAWTOJOBHIIIUX i aKTyaJbHUX B JaHUN Yac obaactedl mocimkens [1-12]. Ha
CHOTO/IHI — TTOPSI/L 3 BOJIOIO, HATIOBHIOBAYEM i B'SIKYYNM — 0GOB’SI3KOBUM KOMIIOHEHTOM OETOHHOI CYMiTIT CTajIu
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nobasku. Cepen 6e3sivi BUAIB XIMIYHUX [00ABOK OKpeMe Miclie 3aiiMaloTh macTiudikatopu, ocobJuBo Haiie-
dexTuBHImI 3 HUX — cynepmiactugikatopu [1-12] Ilo cTocyeThest MicueBoi OyaiBEIbHOI MPAKTUKY, CJIiT
3a3HAYUTH, IO BUKOPUCTAHHS CyTepracTudikaropa B TEXHOJIOTI OyAIBHUIITBA MOHOJITHUX OymiBeb B
KpaiHi 3HAXOMUTHCS HA JAyKe HU3bKOMY piBHI. Ile MOXKHa MOSICHUTU TUM, 1110, MO-Tiepiie, B Y30eKucraHi
BUPOOIAETHCA MO XiMIYHUX A00ABOK IS IiJIbOBOTO GETOHY, y TOMY YUCJ cymepractiudikaTopis, a mo-
IpyTe, TAKOXK Jy’Ke aKTyaJbHUM IUTAHHSIM € IIPOBEJEHHS MOPiBHAJIBHUX JOCHIKEHb HASBHUX Y MPOJAKY
cymnepiuiactudikaTopis i po3poOKa peKOMeHAAILi#l 00 iX MPAKTHYHOTO 3aCTOCY BAHHS.

Kio4osi c1oBa: KOMILIEKCHI 06aBKHM, MPOMUCJIOBI BiIX0AM, BTOPUHHI MaTepiaJu, 301a-BUHECEHHS,
BI/IXO[IM MibOTIJIABMIJIBHOI TIPOMUCJIOBOCTI, XiMiuHi 00aBKH, MiIHICTh, JOBrOBIUHICTb.
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Abstract. The article presents the results of research work on the development of properties of binders with
complex-mineral and at the same time chemical additives and the optimal compositions are determined. The
use of local industrial waste as a secondary raw material in the production of new and modern types of
building materials, namely fine mineral additives, ensuring the formation of a dense and durable structure of
the concrete mixture, which achieves properties such as strength, frost resistance, without adversely affecting
the cement hydration process, on the properties of a binder is one of the most important and relevant
research areas at present[1—12]. Today, along with water, filler and binder, additives have become an
indispensable component of the concrete mix. Among the many types of chemical additives, plasticizers
occupy a separate place, especially the most effective of them — super plasticizers [1—12]. With regard to local
construction practice, it should be noted that the use of super plasticizer in monolithic building technology
is very low in the country. This can be explained by the fact that, firstly, in Uzbekistan, few chemical
additives are produced for target concrete, including super plasticizers, and secondly, it is also a very urgent
issue to conduct comparative studies of commercially available super plasticizers and develop
recommendations for their practical use.

Keywords: complex additives, industrial waste, secondary materials, fly ash, copper-smelting industry
waste, chemical additives, strength, durability.

The increase in promising types of binders is due to
the use of active mineral additives that arise in nat-
ural and man-made conditions. To ensure the activ-
ity of the structure of concrete and concrete mix-
ture, together with chemical additives, it is also ad-
visable to add powders of various mineral rocks re-
lated to mineral additives, materials obtained in nat-
ural or man-made conditions: ash from thermal power
plants, metallurgical slags and additives from vari-
ous rocks.

One of the most important properties of ash as
an active mineral additive in concrete isits hydrau-
lic activity. Traditionally, it is determined by the
ability of ash to absorb lime from a lime solution and
to exhibit astringent properties in combination with
hydrated lime. The microcalorimetric method is a
new method for determining the activity of ash: the
activity of ash is determined by the value of the heat
of its wetting in polar and non-polar liquids. This
takesinto account the coefficient of hydrophilicity
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and other parameters [2].

For certain types, ash classes for concrete are
additionally distinguished:

A (heavy) — the specific surface of the ash must
be at least 2 800 cm?/g;

B (light) — 1 500 ... 4 000 cm?/g.

The residue on sieve Ne 008 for class A ash should
not exceed 15%.

The selection of the composition of concrete
with the addition of ash consists in determining such
aratio of components at which the characteristics
of the concrete mixture and concrete would be
achieved with a minimum consumption of cement.
In the concrete mixture, ash plays the role of not
only an active mineral additive that increases the
amount of binder, but also the function of a micro-
filler, which improves the granulometry of sand and
actively affects the processes of structure formation
of concrete [2].

Given the semi-functional nature of the entire
additive, its introduction instead of a part of cement
orsand does not make it possible to solve the prob-
lem of optimizing the composition.

Reducing the consumption of cement when add-
ing ash is advisable first of all in the case of excessive
activity of cement, that is, when the cement grade is
higher than the recommended one. When using TPP
ash, it is allowed to reduce the minimum typical ce-
ment consumption for unreinforced concrete prod-
ucts to 150 kg/m?3, and for reinforced concrete prod-
uctsto 180 kg/m?. In this case, the total consumption
of cement and ash must be at least 200 and 220 kg/m?,
respectively. The amount of ash should be determined
in proportion to the required reduction of the Exces-
sive activity of the cement [3].

Adding ash in an optimal amount does not in-
crease the water consumption of concrete mixes,
which is explained by the melting of particles and
their relatively regular shape. With a high disper-
sion of ash and an insignificant content of unburned
coal in it, the workability of the mixture increases.
The plasticizing effect of ash increases if there is a
fine aggregate in the concrete mixture with an in-
sufficient amount of fine fractions.

The introduction of fly ash from the combustion
of lignite and bituminous coals into sandy concrete
avoids excessive consumption of cement.

To achieve high strength of ash-containing con-
crete, the chemical and mineralogical composition
of clinkeris of certain importance. At an early age,

the growth of concrete strength is facilitated by the
increased content of alkalis in the clinker, which
accelerate the chemical interaction of ash and ce-
ment; in the later, for the manifestation of the poz-
zolanic reaction of ash, cements with a high alite
content are preferable, since during hydrolysis they
form Ca(OH), [3].

Like other hydraulic additives, ash reduces the
frost resistance and heat resistance of concrete. The
possibility of using ash in concretes with frost resis-
tance F50 and higher is established by special stud-
ies. The decrease in the frost resistance of concrete
can be compensated by the introduction of air-en-
training additives.

Dueto therelatively low water demand of con-
crete mixtures, the replacement of up to 20 % of
cement with ash has practically no effect on the
shrinkage deformations of concrete when it is hard-
ened in air.

Ash-containing concretes are distinguished by
high sulfate resistance, good results are achieved with
theintroduction of ash containing more than 80 %
(Cu, +ALO,).

Fly-ash. Provides in the manufacture of concrete
mixes and concrete the availability and strength of
concrete without deterioration of its physical, chem-
ical and mechanical properties, along with saving
the amount of binder, rational use of heat energy
when used together with Portland cement, increas-
ing the efficiency of using secondary resources, rec-
lamation and disposal of land contaminated with
industrial waste [4].

Fly-ash is a dusty material that is captured from
the flue gases of TPPs using cyclones and electro-
static precipitators. The ash particle size ranges from
3-5to0 100—150 microns. The number of large par-
ticles does not exceed 10—15 %. Average density of
ash is 2-2,5 g/cm?, bulk density is 0,5-0,8 g/cm?.
One of the most important properties of ash as an
active mineral additive in concrete is its hydraulic
activity. Traditionally, it is determined by the abili-
ty of ash to absorb lime from a lime solution. Im-
proves water permeability; reduces the water-ce-
ment ratio and increases the durability of concrete;
does not contain chlorine and other components that
can cause corrosion when used in reinforced con-
crete. Suitable for use in reinforced concrete [4].

Waste from the copper smelting industry. In
the manufacture of concrete mixes and concrete,
they ensure the availability and strength of concrete
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Table 1. Chemical composition of fly ash
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Name Number of oxides, mass% by mass
. Na:0+
Fly-ash SiO: Al:0s Fe: 03 CaO MgO COs K.O Total
35,80 18,45 15,30 18,30 4,15 3,80 3,7 100,0
Table 2. Influence of fly ash on the properties of Portland cement
Strength
No Portland cement Sand Water Ww/C Additive
- amount (gr) (gn) (ml) (%) amount (%) Bend, Compression,
MPa MPa
1 500 1 500 200 0,4 0 10,81 31,89
2 450 1 500 200 0,4 10 10,8 31,5
3 400 1500 200 0,4 20 10,0 30,6
4 350 1 500 200 0,4 30 9,1 27
Flexural strenght MPa Compressive strength MPa
12 35
" 10.81 10,8 10,2 30 31;89 31,8 30,6
8 ’ L2 27
é . 743 7,11 67 . % ig 24519 . 20,1 T
? 4 -—H——.—H\,_“\. - : " 128 126 —ens
22 @ 5

0% 10%

w3 days

20%
28 days

30%

14 days
amount of additive, %

Figure 1. Influence of fly ash on bending properties of
Portland cement.

without deteriorating its physical, chemical and
mechanical properties, along with saving the
amount of binder, rational use of heat energy when
used together with Portland cement, increasing the
efficiency of using secondary resources, reclama-
tion and disposal of land contaminated with indus-
trial waste.

The state of the waste, fired solid, slag, is charac-
terized by a large amount of iron in the composition.
After the metal is separated from the composition of
this waste, it can also be used as sand or crushed
stone. The slag of copper smelting is dark in color,
water demand does not exceed 0,6 %, the melting
pointis 990—1 175 °C. In terms of chemical compo-
sition, it is acidic and basic. Bulk density — 1,8 t/ m®.
Fraction from 2-5 to 0,25-0,5 mm. For example,
granulated slags from the copper processing indus-

0% 10%

=3 days

20%
14 days 28 days

30%

amount of additive, %

Figure 2. Influence of fly ash on the properties of
Portland cement in compression.

try served as raw materials for binding materials for
the manufacture of concrete of various grades, hard-
ened in autoclaves [4].

The above table shows the valuesin MPaof the
flexural and compressive strength of a 3-, 14- and
28-day cement mix made with the addition of a com-
plex of fly ash and copper smelter waste asa mineral
additive.

The above table shows the values of the flexur-
al and compressive strengths of cement mixture
samples made with the addition of fly ash and cop-
per-smelting waste, based on these data, the opti-
mal composition of the cement mixture with the
addition of two mineral additives was selected. In
the case when 15 % fly ash and 5 % copper smelter
additive were added, and the total cement consump-
tion (from the amount of binder) was changed by
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Table 3. Chemical composition of copper-smelting waste
Name Number of oxides, mass% by mass
Copper- . Na.O+
. SiO: Al:O3 Fe:03 CaO MgO CO:s Total
smelting K:0
waste 35,80 18,45 15,30 18,30 4,15 3,80 3,7 100,0
Table 4. Influence of copper smelter waste on the properties of Portland cement
Strength
No Portland cement Sand Water W/C Additive
- amount (gr) (gn) (ml) (%) amount (%) Bend, Compression,
MPa MPa
1 500 1 500 200 0,4 0 9,5 28,25
2 450 1 500 200 0,4 5 9,2 28,1
3 400 1 500 200 0,4 10 8,7 27,4
4 350 1 500 200 0,4 15 8 25,7
Flexural strength, MPa Compressive strength MPa
10 9,5 9,2 8,7 s 30 28,25 28 27,5 26,2
g 2 6,.74—6;7\f\5; ! ) z; 20,42 20,18 19,7 ;& s
E“ . 3,8 3.8 3,4 2,7 ‘é‘ 15 11,4 11,2 T 0a
£ -~ %10 -—_— .
& £ s
0 27l
0% 5% 10% 15% 0 ) i
0% 5% 10% 15%
3 days 14 days 28 days 3 days =14 days 28 days

amount of additive, %

Figure 3. Influence of waste from the copper smelting
industry on the bending properties of Portland cement.
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Figure 5. Influence on the flexural strength of specimens
made with the addition of a complex of fly ash and
copper smelter waste.

20 %, the strength of the mixture was higher than
that of fly ash alone with a change of 20 %.

The analysis of theoretical and practical works
on this topic is carried out, the relevance of research

amount of additive, %

Figure 4. Influence of waste from the copper smelting
industry on the properties of Portland cement in
compression.
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Figure 6. Influence on the compressive strength of
samples made with the addition of a complex of fly ash
and copper smelter waste.

work is studied. It is also related to the properties
of the materials used in the production of high qual-
ity lightweight concrete. In this research work, the
influence of materials used in the manufacture of
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Table 5. Flexural and compressive strength of samples made with the addition of a complex of fly ash and copper

smelter waste.

Strength
Additive amount (%)
Portland
No cement Sand Water VZ/ C .
amount (gr) (gr) (ml) (%) \Ylaste from Bend, Compression,
Fly ash the copper MPa MPa
smelting
industry
1 500 1 500 200 0,4 0 0 9,5 27,3
2 450 1 500 200 0,4 5 5 9,2 27,1
3 400 1 500 200 0,4 15 5 9 26,4
4 350 1500 200 0,4 20 10 7,6 25,7

high-quality cement mixtures, mainly Portland ce-
ment, mineral additives (fly ash and waste from the
copper industry), on the properties of fine fillers -
sand, water and cement paste is studied [4].

After the selection of the optimal composition
of the cement paste made with the addition of a com-
plex of mineral additives, the properties of this mix-
ture were studied with the addition of the super-
plasticizer «Beton Strong-17».

Superplasticizer «Beton Strong-17» is consid-
ered complex, thanks to this additive, the plasticity
of the concrete mixture increases, its setting time is
accelerated, and the concrete is given resistance to
freezing. Superplasticizer «Beton Strong-17« is a
complex additive designed for cold climates, which
accelerates the hardening of the concrete mixture,
gives concrete antifreeze properties and increases
its plasticity.

Complex plasticized admixture in concrete and
building mixtures «Beton Strong 17» with frost re-
sistance effect consists of a mixture of sodium
polynaphthalene methylene sulfonate and sodium
formate.

Increases the mobility of the concrete mixture
from P1 to P5, mortar — from PK1 to PK4 (strength
does not decrease at all times of hardening) [ 5].

When mixed with water, the superplasticizer
reduces the water requirement of the mixture to
20-25%.

Prevents freezing of concrete and mortar mix-
tures before the start of active heat treatment dur-
ing the construction of concrete and reinforced con-
crete structures.

It prevents the mixture from freezing and the
cessation of cement hydration processes in the event

of forced periods of lack of heat treatment, signifi-
cantly intensifies the strength gain upon subsequent
exposure to positive temperatures [5].

It is effective for ensuring the transportation of
concrete mixture at a temperature not lower than
minus 25 °C with the condition of subsequent heat
treatment of the erected structure. It is used as an
anti-frost additive for warm floors at ambient tem-
peratures up to minus 25 °C in accordance with
GOST 24211-08 [6].

Provides the ability to reduce the heat treat-
ment of concrete in comparison with multicompo-
nent antifreeze additives.

In the course of studying the properties of Bek-
abadPC400 and fly ash, using four different amounts
of the chemical additive «Betong strong-17» in re-
lation to the mass of cement, we selected the most
optimal amount of the additive forus — 1 %.

In the course of scientific research, the effect of a
chemical additive in a cement mixture made with
the addition of a complex of binding mineral addi-
tives has been studied. With the addition of a chem-
ical additive, the cement mixture acquired approxi-
mately 65—70 % of the required strength in 3 days.
Asaresult of accelerating the hardening time of the
cement mixture with thisadditive, the strength also
increased. Theindicators of economic efficiency have
been determined: the consumption of cement per 1 m?
of concrete is 400 kg, with the complex use of min-
eral additives, 20 % of the amount of binder can be
saved by changing its composition, and not the
amount of the binder, and the use of the chemical
additive «Beton Strong-17» reduced the consump-
tion of the binder ( Portland cement) by 20 % and
provided the required strength.
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Table 6. Influence of the superplasticizer «Beton Strong-17» on the properties of Portland cement

No Portland cement Sand Water | W/C Additive Strength
B amount (gr) (gr) (ml) (%) amount (%) Bend, Compression,
MPa MPa
1 500 1 500 200 0,4 0 5,6 40,5
2 500 1 500 185 0,37 1 7,3 52
Flexural strength, MPa Compressive strength MPa
7 6.4 . b 44,6 >
) X - =5 . ’ —d4t5
£ ps 43 : = i 354 37
2 i 2,7 =30 A1
- 520
21 0 E 13 0
0 3 14 28 0 3 14 28
——1ithout additive ———1ith additive Beton-Strong-17

———without additive ~——with additive Beton-Strong-17

amount of additive, %

Figure 7. Influence of the superplasticizer «Beton
Strong-17» on the properties of Portland cement.

amount of additive, %

Figure 8. Influence of the superplasticizer «Beton
Strong-17» on the properties of Portland cement.

Table 7. Influence of the superplasticizer «Beton Strong-17» on the properties of Portland cement

Strength
Portland Water Additive g
Ne cement Sand (gr) ) W/C (%) N -
amount (gr) (ml) amount (%) Bend, Compression,
MPa MPa
1 500 1 500 200 0,4 0 5,3 39,8
2 400 1500 128 0,32 1,0 5,6 40,5
Flexural strength, MPa < Compressive strength MPa

6 48 " 5 50 405
z3 = @0 -
g, %” 20
g1 0 g w 0

0 0

0 3 14 28

——yithout additive ———with additive Beton-Strong-17

amount of additive, %

Figure 9. Influence of the superplasticizer «Beton
Strong-17» on the properties of Portland cement.

At the same time: the price of 1 kg of Portland
cement is 780 sum, 1 m? of concrete requires 400 kg
of Portland cement, the cost for this amount is
312,000 sum. The price of 1 kg of fly ash is 35 sum,
with the introduction of 15 % of the amount of bind-
er, 60 kg of fly ash will be required, its cost will be
2,100 sum. And the price of 1 kg of waste from the

n 2 “ 20

===without additive ====with additive Beton-Strong-17

amount of additive, %

Figure 10. Influence of the superplasticizer «Beton
Strong-17» on the properties of Portland cement.

copperindustry is 25 sum, with the introduction of
them in the amount of 5 % of the total amount of
binder, the cost of 20 kg of industrial copper waste
will be 500 sum.

In turn, the cost of a binder (Portland cement)
per 1 m®of concrete is 312,000 sum, and the cost of a
complex binder based on mineral additives is: 80 kg
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Table 8. Influence on the properties of Portland cement of mineral additives in the binder in the form of a complex of
fly ash and copper industrial waste and superplasticizer «Beton Strong-17»

Binder amount (gr) Strength
Additive
No | Portland | Fly- | Waste from Sand | Water V\;/ C amount Bend. | Compression
cement ash the copper (gn) (ml) | (%) (%) MPa. llz/IPa ’
80 % 15 % industry 5
%
1 500 1500 200 0,4 0 4,9 39,4
400 1500 128 0,32 1,0 5,7 41,9
Flexural strength, MPa Compressive strength MPa
: 49 P o 36 oy
a2 4 = 40 )
Y Z’i 33 é 30 ;3’; » o
| g : =¥
£1 0 Z10 0
z0 E 0
0 3 14 28 0 3 14 28
mibont sddiive ——wifacilie NebmStrang:1l ———without additive = ———with additive Beton-Strong-17

amount of additive, %

Figure 11. Influence of mineral additives and
superplasticizer «Beton Strong-17» on the properties of
Portland cement.

of Portland cement — 62,400 sum, 80 kg of mineral
additives — 2,600 sum, of which 60 kg of fly ash —
2,100 sum, 20 kg of waste from the copper industry —
500 sum (312,000—62 400 = 249 600 sum. When
adding the cost of mineral additives (2 600 sum) to
the price of this Portland cement (249 600 sum),
the total cost will be 252 200 sums. The indicator of
the economic efficiency of the mineral additive from
the cost of the binder material (Portland cement)
for each 1 m® of concrete amounted to 59 800 sum.
With the addition of a chemical additive, we save
20 % of 400 kg of binder used to make 1 m?* of con-
crete, if 252,200 sum were spent on a complex binder
containing mineral additives, then this cost is further
reduced by 11240 sum (20 %). Moreover, if the price
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Figure 12. Influence of mineral additives and
superplasticizer «Beton Strong-17» on the properties of
Portland cement.

of 1 kg of a chemical additive is 9 800 sum, the cost
per 1 m®of concrete will be 39,200 sum. The general
indicator of economic efficiency when using togeth-
er mineral and chemical additives was due to the cost
of the binder 71 040 sum per 1 m?of concrete.

The addition of a complex of mineral additives
and a chemical additive Beton Strong-17 increases
the durability, strength and frost resistance of con-
crete, allowing it to work even at temperatures of
0..—10°C.

This study is relevant, designed to improve the
performance properties of building cement mixtures
by adding chemical and complex modifying mineral
active additives based on industrial waste proposed
by the author.
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