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DEVELOPED MODIFIED ADDITIVE IMPACT EVALUATION
ON THE CONCRETE STRENGTH CHARACTERISTICS
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BETOHHbIH BEPIKTIK CUTATTAMAJIAPbIHA SCEPIH BAFAIIAY

OLIEHKA BNUAHUA PASPABOTAHHOA MOAU®ULIMPOBAHHOW OBABKMU
HA NMPOYHOCTHbLIE XAPAKTEPUCTUKU BETOHA

Abstract. The article represents of the laboratory researches of the complex modified additive impact,
especially effect of variable value components of the additive on concrete strength characteristics. This
article is dedicated a solution of the problem of enhancement operating characteristics of concrete as a
result of adding composition of the additive. In this article, a modified additive (CMA) developed by the
authors of the article is used as an additive were used post-alcohol bard-PAB (waste product of ethanol),
sodium compounds (NaOH), and curing accelerant (gypsum) in different percentage ratios. To evaluate
strength changes, samples have been made and were tested with compression and bending at 3, 7, 14,
21 and 28 days of the normally-moist curing. An experiment result demonstrated by adding an additive —
plasticizer (PAB) has reduced the quantity of water to 35%, improving concrete strength up to 20%.
Research reveals of the additives impact on the characteristics of the concrete during its manufacture.
Consequently, adding additive (CMA) to the composition for concrete allows enlargement the strength
after 28 days of curing up to 4.5-39% relative to the reference sample (Type 1). In accordance with the
research results of the additive intensifies curing and was found to contribute to the enlarge of strength,
both in early period, and at 28 days (design age). Experimental results revealed that the application of
plasticizers is expedient from perspective quality improvement parameters of the compositions. Plasticizer
in concrete mix significantly improves the resistance and durability of concrete. Consequently, the
application of a modified additive enables to purposefully change the structure of heavy concrete and
thereby significantly enlarge the complex of mechanical and physical parameters of modified heavy
concretes.

Keywords: heavy concrete, compressive strength, bending strength, complex modified additive,
plasticizer, post-alcohol bard, hardening accelerator.

AHOamna. Makanada keweHOi ModugukayusinaHraH KocrniaHbiH (KMK) acepi, aman alimkaHda Kocra
KOMMOHEHMMEPIHIH aybicrnarnbl KypaMbiHbIH 6emOoHHbIH 6epikmik cunammamanapbiHa acepi myparbl
3epmxaHarnblK 3epmmeynep kenmipineeH. XKymbic KMK KypambiHa Kocy apKbiibl 6€moHHbIH natidanaHy
KacuemmepiH xxaKcapmy MaceneciH weuwyae apHanfaH. byn xXymbicma Makana asmopriapbl a3ipre2eH
KeweHOi modugukayusinaHraH Kocna (KMK) kondaHbindel, cnupmmik kediHai 6apda (criupm eHOIpiCiHiH
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Kandbikmapsl), Hamput Kocelnsicmapsl (NaOH) xeHe kamatro yOemkiwi (eurc) ep mypri nalibl30biK
KambiHacma natidanaHbinobl. bepikmikmiH e3zepyiH 6aranay ywin 3, 7, 14, 21 xoHe 28 KyHHeH KeliH
Kanbinmel biiFandbl KamardaH KbiCy XXOHe Uiny cbiHanfFaH ynainep xacandbsl. IkcriepumeHmmepdiH
Hamuxxenepi kepcemkeHoel, KocrnaHbl — nnacmugukamopOsbl (anko2onb0eH KeliHei MbiHbIFYObl) KOC-
KaHOa cyObiH Mmenuwepi 35 %-ra deliH memeHOern, 6emoHHbIH bepikmigiH 20 %-ra OeliH apmmbIpObI.
Bepmmeynep KocnanapObiH 6emoHObl 6HOIpy Ke3iHOe OHbIH curmammamasiapbiHa 8cepiH Kepcemeoi.
Hemek, aybip 6emoHHbIH KypambiHa KocnaHbl (KMK) kocy 28 kyHOik kamatrodaH keliH 6epikmikmi 1
munke (bakbinay yneici) kambicmbl 4,5-39 % OeliH apmmbipyra MymkiHOiKk 6epedi. 3epmmey
Hamuxenepi 6olibiIHWa Kocria epme kezeHoe Oe, xobarnbik xacma da (28 KyH) kamatObl Kywetimedi
XoHe bepikmigiH apmmbipyra kemekmecedi. dkcriepumeHmmepdiH Hamuxenepi yneinepdiH cananblK
KepcemkilwmepiH xxakcapmy mypfbiCbiHaH rnnacmugukamopiapObl KoridaHy opbiHObI €KEeHiH Kepcemmi.
bemon KocnaceiHOarbl nnacmugukamop aybip 6emoHHbIH bepikmiei MeH mesimdinieiH alimapnisikmau
apmmoipadbl. [emek, keweHOi MoOugukayusnaHraH KocrnaHbl KoridaHy 6emoOHHbIH KYpbilbIMbIH
Makcammbl mypoe e32epmyeze XoHe COJl apKbinbi ModugukayusinaHFaH 6emoHOapibiH ¢hu3u KasbiK-
MexaHuKarblK cunammamarapbiHbiH KeWeHIH edayip apmmbipyra MyMKiHOIK 6epedi.

Tytin ce3dep: aybip 6emoH, uiny 6epikmiei, cbiFbly 6epikmiei, keweHOi ModugukayusinaHFaH Kocna,
nnacmugbukamop, cnupmmik keliHeai 6apda, Kamato ydemkilui.

AHHOmMauus. B cmambe npedcmaesneHbl nabopamopHble uccriedosaHusi 8/USIHUSI KOMIMIEKCHOU
modugpuyuposarHHol dobasku (KML), a uMeHHO 8nusiHUsI nepeMeHHo20 cocmasa KOMNoHeHmoe obasku
Ha npPoOYHOCMHbIe Xapakmepucmuku bemoHa. Paboma nocesuweHa peweHuo npobnemsl yrnyHueHus
3KcrilyamayuoHHbIX ceolicme bemora nymem O0obaesneHusi 8 cocmas KM/L. B daHHou pabome ucrornb-
306anu KoMmriekcHyr moodugbuyuposaHHyto 0obasky (KML), paspabomaHHasi asmopamu cmambu, 8
kavyecmee 0Oobasku bbinnu ucronb3os8aHbl nocrnecrnupmosas bapda (omxod npousgodcmea crnupma),
coeOuHeHus Hampus (NaOH) u yckopumens meepOeHusi (2urc) 8 pa3HbiX MPOUEHMHbIX COOMHOUWEHUSIX.
[nsa oueHku usmeHeHuUs npoYHocmu bbinu U32omoeneHbl 06pasubl, KoOmopbie bbiiu UcrbimaHbl Ha cxamue
u useub yepes 3, 7, 14, 21 u 28 dHel HopmaribHO-8M1aHO20 meepOeHusi. Pe3yrnbmambl 3KkcriepumeHma
rnokasanu, 4ymo npu AobasneHuu Aobasku — nnacmugukamopa (nocnecriupmosasi 6apda) nMpousowso
CHUXeHue Kosiudecmea 800bI 00 35 %, umo noebicusnio npo4YHocmb 6emoHa do 20%. VccnedosaHusi
rnokasbigaom enusHue 0obasok Ha xapakmepucmuku b6emoHa 6 npouecce ez20 rpousgoocmea.
CnedosamernbHo, dobasneHue dobasku (KM/L) e cocmas msixenozo bemoHa nosgosnssem ysenudums
npoyHocme rocne 28 OHel meepdeHusi 0o 4,5-39 % omHocumernsHo Tuna 1 (KOHMPOobHbIL 0bpasey).
CoenacHo pe3dynbmamam uccrnedogaHusi, 0obaska uHmeHcuguyupyem meepdeHue u criocobcmeyem
08bIWEHUI MPOYHOCMU, KaK 8 paHHUU nepuod, mak u 8 MpoeKmHom gospacme (28 dHel). Pe3ynsmamsi
3KCrepuUMeHmos nokKas3aJsu, Ymo Ucrofb308aHue nnacmugukamopos UesecoobpasHo C MOYKU 3PEHUSsT
yryHweHuUs1 Ka4ecmeeHHbIX rnokazamesiel obpa3syos. lNnacmugukamop 8 6emoHHOU cMecu 3Ha4YUmesIbHO
rnosbiwarom cmoukocms u 0doneogeyHocmb msxenoeo 6emoHa. CredosameribHO, UCMOIbL308aHUe
KomrnekcHol modughuyuposaHHoU 0obasku Mo3gosnsiem UyesieHanpasneHHo U3MEeHUmb CmpPyKmypy
bemoHa u mem cambiM 3HaYUMEsIbHO M0B8bICUMb KOMIIEKC (DUIUKO-MEeXaHUYeCKUX Xapakmepucmuk
MooughuyuposaHHbIx 6emMoHos.

Knroyeebie cnoga: msixxenbili 6emoH, Npo4YHOCMb MpU cxXamuu, MPoYHocmb npu udaube, KOMIeKc-
Hasi molOugbuyuposaHHasi 0obaeka, mnacmugukamop, nocnecnupmosasi bapda, yckopumesb
meepdeHusi.

Inroduction. Most of the transformation of concrete as a building material does not occur in
the development of new materials, but in the use of additives to improve its physical and
mechanical properties. An additive can be selected, for example, depending on the technological
application of concrete or to improve certain concrete properties: setting or hardening rate,
increased strength, water absorption, frost resistance, etc. Among the most common chemical
additives are plasticizers and superplasticizers that significantly reduce the water content of the
concrete mixture. The use of plasticizers is a promising direction in increasing the efficiency of
concrete and improving its performance properties.

Currently there are many different modified additives to improve the quality of concrete such
as: C-3 and many others. The proposed additive has no analogues and is different in its
guantitative composition of components. In this article, a modified additive (complex modified
additive) developed by the authors of the article is used as an additive were used post-alcohol
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bard-PAB (waste product of ethanol), sodium compounds (NaOH), and curing accelerant
(gypsum) in different percentage ratios.

The choice of the additive was determined based on the main mechanism of their action. The
advantage of CMA is that they are multifunctional. This means that they are able to influence
several characteristics of the concrete mixture at once. Earlier studies confirm the peculiarities of
each component, and in a complex synergistic effect is achieved [1-5]. Post-alcohol bard is a
valuable product that can be used in solving the problems of environmental pollution and
obtaining cheap raw materials. The main advantages of the additive were: water-reducing and
plasticizing effect. Based on the above, it is necessary to evaluate the effectiveness of the
developed complex modified additive (CMA).

The aim of the research is to obtain an additive that was not inferior in its functional properties
to modern products and was obtained from local materials, exactly waste production. The present
research included a complex laboratory experiment to assess the physical and mechanical
properties of experimental samples, and a subsequent relative analysis of the change in the quality
characteristics of the cement and the influence of a complex modifier was carried out.
Nevertheless, within the framework of this article the results of the research will be presented, in
particular, the influence of the variable composition of CMA on the strength characteristics of
concrete.

Literature Review. Over the past few years, many researchers have obtained and published
data showing that the combination of additives with cement provides a synergistic effect in
concrete, allowing obtaining the best results contributing to improve the physical and mechanical
properties [6-9]. Production of high-strength concretes is one of the modern trends in modifying
the structure of building composites with additives of different composition and morphology [10].
The additive can be selected, for example, depending on the technological application of concrete
or to improve certain concrete properties: setting or hardening speed, increased strength, etc.
Among the most common chemical additives are plasticizers and superplasticizers, which
significantly reduce the water content of the concrete mixture [11-14]. The use of such additives
allows by reducing the water-cement ratio while maintaining a given fluidity of the mixture
significantly increase the strength and durability of products. In addition, the introduction of
plasticizers can affect the setting time and hardening kinetics of cement, increase strength, frost
resistance and water resistance of concrete by reducing water consumption, as well as reduce
cement consumption and energy consumption for the production of concrete, mortars, etc. [15].

In recent years, in connection with the development of complex modifiers on the basis of
industrial wastes of polyfunctional action, the prospects of obtaining concrete with increased
physical and mechanical characteristics have opened up. The obtained test results indicate the
gualitative effect of the proposed complex organomineral modifier on the properties of
concrete. [16-19]. Experience in the preparation of effective complex polyfunctional modifiers
is described in the works of V.G. Batrakov, M.I. Higerovich, V.I. Soloviev, D.O. Baydzhanov,
E.V. Tkach, S.M. Sharipov. The use of complex additives is now generally recognized as an
effective way to improve the properties of cement concrete. In most cases, additives are now a
mandatory component of the concrete mixture. Analysis of the scientific literature shows that
additives that increase the rate of setting and hardening of cement are in demand, so the interest
in developing new, competitively capable accelerating additives is not diminishing [20-22]. The
development of modified heavy concretes for the general construction industry with improved
technological parameters through the use of effective modifying additives is therefore relevant.

Materials and methods of research.

Cement. To conduct experimental work as a binder used Portland cement LLP «Kokshe-
Cement» CEM 142.5 N without addition, normal hardening.
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Fine and Coarse Aggregates. Coarse aggregates — crushed stone (i.e. 10 mm) and sand quarry
Akmola region. Gradation test carried out on the aggregates has shown they meet the
specifications of Interstate Standard GOST.

In this article, a complex modified additive (CMA) developed by the authors of the article is
used as an additive. As an additive were used: - modified additive - post-alcohol bard («main
componenty of the additive) is a waste product of ethanol, meeting the requirements of Technical
Specifications 1110 RK 00393896 OJSC -01-2003, in quantities - 2.5%, 5.0%, 7.5%, 10% by
weight of cement, the multiplicity is 2.5%. Supplied in liquid form, pH=5 (acidic medium),
producer — JSC «Aydabul distillery»; - NaOH was used in small quantities, enough to obtain a
neutral medium, i.e. for stabilization of pH of post-alcohol bard, in quantities of 5% (from post-
alcohol bard); - hardening accelerant — gypsum, accelerating hardening process, in quantities —
1%, 1.5%, 2.0%, 2.5% from cement mass, pH=6 (slightly acidic medium), producer - JSC
«Zhambylgips» Taraz gypsum factory.

The experimental research methodology includes the following steps: 1) Evaluation of the
influence of CMA on the compressive strength of cement stone. Compressive and bending
strength (40x40x160 mm) was determined in accordance with Interstate Standard GOST 30744-
2001 «Cements. Methods of testing with using polyfraction standart sand» 6 samples were cast
for each type and tested at the age of 3, 7, 14, 21 and 28 days using the Press Automatic Pilot
equipment, with a compressive load of 500 kN, are shown in Figure 1; 2) Evaluation of the
compressive strength (100x100x100 mm) of concrete samples was determined in accordance
with Interstate Standard GOST 10180-2012 «Concretes. Methods for strength determination
using reference specimens», 6 samples were cast for each type and tested at the age of 3, 7, 14,
21 and 28 days using the Press Automatic Pilot equipment, with a compressive load of 500 kN,
are shown in Figure 1. After 24 hours the samples were de-molded, held in water and tested at
the desired age. Weighing of components for the selection of compositions by mass was carried
out on high-precision analytical scales. Water cement ratio was selected experimentally.

Figure 1. Bending and compressive strength tests

Results and discussion.

Bending and compressive strength tests. Research object was used cement-sand mixture at
constant wi/c ratio = 0.4 on the basis of ordinary cement «Kokshe-Cement» and with the use of
polyfraction standart sand packed by 1350 grams. The strength test results of the reference sample
of Type-1 (without additive composition) and with additive (CMA), during hardening period 7,
14 and 28 days are shown in Figure 2.

Analysis results of the executed experiments revealed that at Types 2-1 - 5-4 compressive
strength limit at compression was within 42.8-63.6 MPa (28 days), while for reference sample
Type 1 is 40.8 MPa, it means that this index in 1,5 times more than at the sample of Type 1. The
hardening procedure appears to occur in the initial steps, and also keeps gaining strength evenly
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in succeeding time and consequently enhances mark by strength, characterizing positively
samples with the use of the additive (CMA). Probably, such differences in the influence on the
cement stone when using the additive are due to different mechanisms of their action. While
comparing to the strength index value of sample made according to sample being equal about
40.8 MPa with suggested compositions, being between 42.8-63.6 MPa, consequently assumed
that sample Types 2-1 — 5-4 were of better quality. The greatest strength occurs is observed while
applying the quantity of the addition additive in an amount equal to 2.5-7.5% of the mass of
cement. That distinction was explained by the modified action of the additive on the dispersion
and morphological composition of the new compositions of the cement stone. This is where the
modified structure has greater resistance to fracture.

55 + 60 -
50 55 -
Q(Y 45 n é_“ 50 N
; 40 - X §h 45 -
:'E’ 35 1 / -§7 gg _ /x
(] &) .
n 30 4 b g0
25 ~ 25 -
“ 0 7 14 21 2 2 ' ' ' '
. 0 7 14 21 28
Period, days Period, days
—X—Type 1 —O—Type 2-1 ——Type 2-2 —X—Type 1 —O—Type 31 ——Type 3-2
—O—Type 2-3  ——Type 2-4 —O—Type 3-3 ——Type 34
65 - 70 ~
60 - 65
55 - 60 -
®© | © 55 -
o %0 S 50 -
> 45 — )
= x £ 45
8’ 40 _ / % 40 i x
2 35 1 5 35 - /
@ 30 - 30 -
25 - 25
20 ! ! ! ] 20 /I T T 1
0 7 14 21 28 0 7 14 21 28
Period, days Period, days
—=X=Type 1 —O—Type 4-1 —{—Type 4-2 —X—Type 1 —O—Type 5-1 —{—Type 5-2
—O—Type 4-3 ——Type 4-4 —0—Type 5-3 ——Type 5-4

Figure 2. Graphs of compressive strength growth of tested samples

As a result of the data obtained it is possible to say that the samples with additive (CMA) has
a greater strength for 7 days — 24.3-43.8%; for 14 days -34.5-54% and for 28 days — 42.8-63.6%
while compared to the reference sample Type 1. In addition, the results stated that CMA improves
rates of strength gains during the initial periods of curing and promotes great strength. Researches
revealed that the compositions comprising 2.5 to 7.5% of additives have the highest effective,
enabling for an average of 20% higher strength of the concrete. Mark by compressive strength of
these samples exceeds the strength of unadded stone by 26.63%. Analysis of the results obtained
shows a positive influence to the kinetics of curing with CMA on 7, 14 and 28 days, compared
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with the original. The data results state that additive increases rate of strength gains and contribute
to greater strength.

The diagram of the bending strength variation of samples depending on curing time is shown
in Figure 3. The diagram analysis demonstrates sample strength growth gradually and evenly.
The tests of the samples conducted with additive increase the strength up to 15-20%.
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Figure 3. Bending strength of samples tested after 7, 14 and 28 days

High strength parameters were obtained in compositions ranging Types 3-1 to 5-4 with the
content of the additive in an amount from 2.5 to 7.5% of the cement mass. The greatest bending
strength was obtained for the composition Type 5-4 at 28 days of age, achieving 8.7 MPa (Figure
5). Insignificant increase in the bending strength observed when testing the beam samples obtained
from compositions Types 5-3 and 5-4. The statistical evaluation of bending strength parameters also
revealed a tight connection and relative high correlation between individual indicators. The variation
coefficient in this case is no greater than 14%, and reliability indexes do not exceed 1.1 at 95%
confidence probability. As the dose of additive increased, there was a quality change in the influence
on strength and an intense increase in strength. Samples with different proportions of CMA (or
without additive), illustrated clearly the benefit of a particular dose of CMA on strength, Figures 2
and 3. The additives have a significant influence of bending strength characteristics of samples in
the process of hardening, establishing a stable frame in the structure, which is explained in the
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consequent maximal growth of the indicators. These tests confirm the peculiarities of each
component, and the synergistic effect is achieved in combination. Therefore, according to the tests
carried out, it was established that the addition of additive to the cement composition, strength of
samples tested for compression and bending, is improved.

Compressive strength test. The determination of concrete strength is the important parameter
of heavy concrete after the additive has been added. 6 concrete samples of different types were
tested at the age of 3, 7, 14, 21 and 28 days. The test results are shown in Figure 4. These results
can be used to give a comparison of concrete samples obtained with additive and reference
compositions.
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Figure 4. Cube compressive strength of concrete samples

In accordance with Figure 6 it can be seen exactly how setting strength to heavy concrete
occurs using additive, which is one the primary characteristics of this kind of additive, improved
mechanical and physical parameters. The strength with additive content increased in comparison
with the reference sample with no modifier was observed on 3 days-8.7-62.9%, 7 days-6.3-45.7%,
14 days-5.6-44.2%, 21 days-7.1-44.7% and on 28 days-4.5-39%. The values of concrete strength
of the additive (post-alcohol bard) 2.5-7.5% (in terms to dry substance) vary from one another,
respectively, a necessary dosage should always be found, because lack and excess does not
produce desirable effects. Advantages of the additive appeared the best if used at 2.5-7.5% of the
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cement mass, which resulted in fast gain the strength in the early days and at 28 days the percent
gain consisted of 4.5-39% more compared with Type 1- reference sample.

The analysis of results of experiments has shown, that in Types 2-1 - 5-4 compressive strength
makes 41.2-54.8 MPa (28 days), and for the reference sample (Type 1) is 39.4 MPa, i.e. this
parameter makes 1.5 times greater. The use of additive (CMA) gives the concrete strength higher
as compared to reference sample during all hardening periods, accordingly the developed additive
(CMA) the effective accelerator the hydration and curing according to Interstate Standard GOST
25192-2012 «Concretes. Classification and general technical requirements». Comparing the
strength index of the sample preparation which is equal of 39.4 MPa with the suggested
compounds, that ranged between 41.2-54.8 MPa, was possible claim that sample Types 2-1 - 5-4
were of better qualities. To achieve a fast strength gain, such feature of the additive as the impact
on binder hydration helps. Application of the additive (CMA) enables achieving high workable
plastified compounds by using additive (post-alcohol bard) in the quantity of 2.5-7.5% not
lowering strength during specified duration of normal curing. Subsequent increase of the additive
dosage reduces the design strength and a delay in the kinetics of strength growth. The addition of
one of the components of the additive (post-alcoholic bard) into the concrete mix reduced the
water content consumption of 8.75-35%, as well as reduced cement use of 1-2.5% while adding
gypsum.

Conclusions. Based on experimental studies, the following conclusions can be drawn that the
additive has a water-reducing and plasticizing influence. Analysis results of the executed
experiments revealed that at Types 2-1 - 5-4 compressive strength limit at compression was within
42.8-63.6 MPa (28 days), while for reference sample Type 1 is 40.8 MPa, it means that this index
in 1,5 times more than at the sample of Type 1. The greatest bending strength was obtained for
the composition Type 5-4 at 28 days of age, achieving 8.7 MPa.

Analyzing the dependencies obtained, we can conclude that for this type of additive the
maximum effect is observed at a concentration of 2.5-7.5% (post-alcoholic bard). Thus, the
experiments conducted have shown that when mixing cement paste with additive there is a
plasticizing effect on the mixture and a significant increase in the strength of concrete. This is of
practical interest, since the addition of additives will accelerate the process of making products.
Consequently, the use of a complex modified additive makes it possible to purposefully change
the structure of concrete and thereby significantly increase the complex of physical and
mechanical properties and durability of modified concretes.
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