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Memoto pobomu € Odocnidsicenns miyHocmi ma Oe@OpMAyiiHUX 81ACMUsocmet
Kepam3umobemony Ha YemMeHMHO-301bHOMY 6'AXHCYHOMY MaA O008e0eHHs MEeXHIYHOI
MOHCIUBOCHE A eKOHOMIYHOT OOYINbHOCMI 11020 BUKOPUCMAHHA 8 KOHCHWPYKMUEHUX
eleMeHmax YugintoHux 0yoieens. [[na usyenHs 81acmueocmell Kepamumooemouny oyiu
BUKOPUCIAHT  MemoOu  MameMamuyHo20 NIAHY8AHHA — eKCHnepuMeHmy, 30Kpema,
peanizogano n'amugaxmopuuii nnan Bs. YV mampuyi kodcen 3 mexnono2iunux gaxmopis
3MiHI06a6CA Ha mpvox pisHax (-1; 0; +1), wo 0o36oaunro ompumamu KeaopamuyHi
mamemamuyni mMooeni uxioHux napamempie - 06'emnoi macu 6emony, Ky6ikoeoi ma
npusmogoi’ miynocmi xkepamsumobemony y eiyi 1 (n.n), 28, 115, 180 i 360 0i6, npu
nocmitinomy ocioanni konyca kepamsumoodemonnoi cymiwi — OK = 2... 6 cm). Obpobka
pe3yabmamie excnepumenny O GUAGIEHHSA 3AKOHOMIPHOCEU SNAUEY OO0CTIONCYBAHUX
gaxmopise — eumpama: yemenmy (x1); 6anna (xz); 301u-6uHeceHHs (X3); KePAM3UMOB020
2pasiio (xa); K8apyo8o2o nicky (xs) na godonompedy Kepam3umobemonnux cymiuen — B,
00'em midczepnosux nycmom Vi, winbuicms Kepamobemonnoi cymiwi po i winbricmo
Kepam3umobemonnux p 003gonuau ompumamu npu 95% wuaditinocmi keadpamuuni
Ppi6HAHHA  peepecill 3 YpPAXy8aHHAM JAuule 3HaAuUywux Koegiyienmis peepecii. 3ua
pe3yibmamamiy  eKcnepumMenmanvhux 0ocnioxcenb ompumano 3 95% Haoditinicmio
K6éaopamuyHi pieHAHHA pecpecii KyouxKooi ma npuzmogooi miynocmi y 6iyi 1 (n.n.), 28,
180* ma 360* 0i6, xepamszumobemony na L[B3 6’soicywomy ma Kkeapyogomy nicky 3
YpaxyeauHam auuie sHavywux xoegiyicumis peepecii. Posenanymo ma npoananizosano
6NIUB PeyenmypHUX ma MexHOA02IYHUX (PaKMOopie Ha MiyHICMb Kepam3umobemony Ha
Keapyogomy nicky. Ompumani 3anexicHocmi KyOuxkosoi ma npusmogoi miynocmi
Kepam3umobemony Ha Keapyoso2o MNICKY 3 3ACMOCYBAHHAM 0A2amoKOMNOHEHMHO20
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8 SICYH020  MOJCHA BUKOPUCTMOBYSAMU Ok NOOATbULOI) NEPCNEKMUBOH) eKOHOMIT
yemenny i 3an06HI08aUis.

The aim of the work is to study the strength and deformation properties of expanded
clay concrete on cement-ash binder and to prove the technical possibility and economic
feasibility of its study in structural elements of civil buildings. The five-factor plan B5 was
implemented. In the matrix, each of the technological factors changed at three levels (-1;
0; +1), which made it possible to obtain quadratic mathematical models of output
parameters - the bulk mass of concrete, cubic and prismatic strength of the expanded clay
concrete at the age of 1 (a.s), 28, 115, 180 and 360 days, when the expanded clay concrete
mixture is mobile (the constant draught of the cone is DC= 2...6 c¢cm). Processing of
experimental results to identify regularities of influence of studied factors - consumption:
cement (x1); lime (x2); fly ash (x3); expanded clay gravel (x4); quartz sand (xs) on water
consumption of ceramic and concrete mixtures — B, volume of inter-grain voids Vy, the
density of the ceramic concrete mixture — po and the density of the expanded clay concrete
p allowed to obtain with 95% reliability quadratic regression equations, taking into
account only significant regression coefficients. Based on the results of experimental
studies with 95% reliability quadratic regression equations of cubic and prismatic strength
in the age of 1 (a.s), 28, 180* and 360* days are obtained, expanded clay concrete on
CLF-binder and quartz sand with only significant regression factors. The paper examines
and analyzes the influence of recipe and technological factors on the strength of expanded
clay concrete on quartz sand. The invention makes it possible to use the dependence of a
cubic and prism strength expanded clay concrete on quartz sand using a large component
binder with a further prospect of saving cement and fillers.

Key words: deformability, expanded clay concrete on quartz sand and cement-ash
binder, fly ash, regression equation, prism strength, cubic strength, aggregate-structural
factor.

Kniouosi crnosa: depopmamuenicmes, kepam3umobemon Ha Keapyogomy nicKy ma
YEeMEeHMHO-30JIbHOMY 8'IHCYUOMY, 30]1a-8UHECEHHS, DIBHANHSA peepecii, npu3mMosa
MiyHicmb, KYOUKOBA MIYHICMb, A2Pe2amHO-CIMPYKMYPHULL pakmop.

Introduction. Particular attention in the difficult war and future postwar
times is paid to the problem of cheapening public and civilian objects, increasing
their level of industrialization, which can only be achieved by improving
constructive solutions, the use of effective building materials. The use of light
concretes, including expanded clay concretes on cement-ash binder with chemical
additives is an urgent task, since it involves saving raw materials, cement,
recycling production waste and improving the condition of the environment.

Analysis of previous studies. Recently, many studies have been made on
the strength and deformability of light concretes and structures based on them,
which are given in the works of A. I. Kostyuk [1], I. A. Stolevich [2, 3], Chandra
S. [4], Dilly M. [5], Melby K. [6], Neville A. [7], Norden J. [8], Suraneni P. [9],
Zarif M. [10], etc. A significant contribution to the development of concretes
using slag and ash was made by Ocheretny V.P., Kovalsky V.P. [11], L.J. Dvorkin
[12], etc., mainly the use of ash and slag was considered for heavy concretes.
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Purpose. In this regard, we set a method of strength and deformation
properties of expanded clay concrete on CLF-binder and prove the technical
possibility and economic feasibility of its use in structural elements of civil
buildings.

Results and discussion. The application of light concretes on porous
aggregates in various construction fields is of great interest in many countries.
Issues of improving the structure and properties of light concretes, as well as their
features and advantages on mixed aggregate and composite binders were reflected
in many domestic and foreign studies. The most common rules for the
construction of light concrete as a composite material are the reasonable choice
of binder according to the requirements of the product, design and construction,
as well as the rational selection of individual components taking into account the
minimum cost. It is possible to increase the amount of concrete produced by the
use of a multicomponent binder, which, in addition to a reduced amount of
Portland cement, includes quicklime, fly ash and chemical additives [13].

Among the numerous wastes and by-products (waste from mining and
processing plants, metallurgical slags and phosphorus production, thermal power
plant ash, etc.) the use of thermal power plant ash with relatively high hydraulic
activity is of the greatest interest. At present, Ukraine and foreign practice have
gained considerable experience in the use of pulverized fly ash in the production
of concretes and structures made of it. The introduction of ash, lime and chemical
additives into cement systems alters the composition of the liquid phase, induces
saturation relative to the hydrate phases, and changes in these parameters affect
the formation kinetics and composition of hydrate formations, the size of the
crystals, the strength of their fusion contact, which together determines the
strength of the solidified cement stone [14,15].

The widespread use of ash in concrete began after it was discovered that fine
particles of high quality ash have puzzolan properties. By 1980, ash was
recognized worldwide as an important material as an additive to concrete
replacing cement.

The effectiveness of the additives depends significantly on the mineralogical
and material composition of the Portland cement used, lime and ash properties.
This is due to the fact that the action of the additive occurs in an environment that
has changed as a result of the hydration of the cement-ash binder, the composition
of which largely determines these changes [14].

In order to obtain adequate results with the minimum possible number of
experiments to study the properties of expanded clay concrete on a
multicomponent binder, methods of mathematical experiment planning were used
[14]. In particular, a five-factor B5 plan was implemented. In such a matrix, each
of the technological factors changed at three levels (-1; 0; +1), which made it
possible to obtain quadratic mathematical models of output parameters - the bulk
mass of concrete, cubic and prismatic strength of the clay concrete at the age of 1

237



CyyacHi mexHonoeii ma memodu pospaxyHkie y 6ydigHuumei. [lyuk, JIHTY. 2024, Bunyck 21
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2024, Volume 21

(a.s), 28, 115, 180 and 360 days, when the expanded clay concrete mixture is
mobile (the constant draught of the cone is DC = 2...6 cm).

To achieve this objective, it was necessary to:

- to obtain the convenient for the practical study of the dependence of the
main properties of clay concrete mixture on the cement-ash binder with the index
of mobility DC =2... 6cm and concrete from the main formulation and
technological factors;

- to obtain statically convenient dependencies, allowing to predict water
consumption of the mixture, volume mass, volume of inter-grain voids, cubic and
prism strength.

Research factors on materials used in studies:

Xj - 180+£60 kg/m®, Portland cement OJSC «SOUTH cement» brand 400;

X-125+25 kg/m®, ground ungashed lime, Kodyma, activity on CaO - 58%;

X3 - 150+50 kg/m®, fly ash Ladygenskaya thermal power plant;

X4- 400£140 kg/m3, ceramic gravel (Kulindorovsky Zavod from the clay
deposit of the Orel region of the Odessa region) fraction 5...10 and 10... 20mm in
volume ratio Vs... 10/V10... 20 = 1,5;

X5- 290+30 kg/m®, sand river dense "Telman quarry”, "Kremenchuk river
port", module of size 1,36.

Plasticizer C-3 was introduced as 0.6% of cement mass and gypsum - 25
kg/m?®,

Processing of experimental results to identify regularities of influence of
studied factors - consumption: cement (x1); lime (x2); fly ash (x3); expanded clay
gravel (x4); quartz sand (xs) on water consumption of clay concrete mixture - B,
volume of inter-grain voids Vy, density of clay concrete mixture - po and density
of expanded clay concrete p allowed to obtain with 95% reliability quadratic
regression equations, which, taking into account only the significant regression
coefficients, are:

B=269,4+4,9X1+6,9X,+2,4X5+3,12X1 X3+ 2,25X,X3-

-11,06X2-4X5Xa+ 4.44X2-2X s X5+5.94Xs2, 1)
Po=1334+66,9X 1+24,7X 1+37,7X 5+132,2X 4+34,2X 5+
+12,51 X 22-10,44X 5X 4. o)

Vo= 1,602 - 0,25X; -0,20X4 - 0,30X1%+ 0,25X1X; +
+0,27X1X3a+ 0,58X52 + 0,14XX4 + 0,16X5%+ 0,27X3Xs5 +0,29X4Xs. (3)

The water content of clay concrete mixture depends almost equally on the
content of the astringent components and on the content of large, fine aggregates
[16]. Analysis of the water consumption regression equation and its graphical
interpretation given in figure 1. It shows that the aggregate-structural factor r has
a mixed influence on water consumption. For a certain consumption of multi-
component binder, there is an optimal content of expanded clay gravel and quartz
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sand (rop), corresponding to the minimum possible water consumption of the
mixture, provided that the predefined convenience.
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Fig. 1. Dependence of water consumption expanded clay concrete on the
values of the aggregate-structural factor and the consumption of CLF-binder DC
2-6cm

On figure 2 the zone of optimum values of the aggregate-structural factor
ropt, limited by the lines corresponding to the indicators of DC =2... 6¢cm (upper)
and H= 30c (lower). The figure shows that the optimal value of the aggregate-
structural factor decreases in proportion to the increase in the consumption of the
CLF-binder.
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Fig. 2. Zone of optimal values of aggregate-structural factor

Based on the results of experimental studies with 95% reliability quadratic
regression equations of cubic and prismatic strength in the age of 1 (a.s), 28, 180*
and 360* days are obtained expanded clay concrete on CLF-binder and quartz
sand, which, taking into account only significant regression coefficients, have the
form:

foas=17,143,1X1 +1,5X;, +1,7X5+2,7X4+2,1X,% +1,2X1 X+
+1,3X1X3 -1,2X3X4-1,5X4? -1,5X52. 4
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fc (28)= 19,95+3,7X1+1,7Xo+1,9X3 +3,0X4 +2,7X 1% +1,2X1 X5-

-1,2X5X4-1,4X2-2, 1X2. ()
fog @ = 15,58+3X1+1,4Xo+1 5X5+2,5X4-0,5X5+2,6 X1 2+
+1,2X:X2+1,2X1X5-1,1X5X -1, 4X,2X4-1,4Xs2. (6)
fo 08)= 18,5+3,3X1+1,5Xz +1,7X5+2,8X4+2,5X12+1, 1 X1 Xs-
-1,079X3X4 - 1,178X2- 1,833Xs2, @

To simplify the quadratic regression equations (4-7), a linear relation was
used. The rationale for "Xx" was based on the need to take into account the one that
had a significant impact on strength but was not included as a water consumption
factor. The final argument is to assign x = [(W/ CLF)+r], which can be taken as a
generalized factor of composition. On the basis of mathematical and static
analysis, it has been established that random quantities x = [(W/ CLF)+r] are
subject to the law normal distribution. The null hypothesis of the zero general

correlation coefficient Ho: 0., = 0 is rejected in favour of the alternative Hi:

Py #0 at the dependency level ¢ = 0,05, which suggests a linear relationship

between fcq and x=[(W/ CLF)+r] of each of the age taken for expanded clay
concrete. This allowed the linear regression equations of type to be obtained for
each of the ages taken:

fed (28)=49,2 — 30,3[(W/ CLF)+r]. 9)

Graphical interpretation, as an example, of the dependence of strength feq (26)
on the generalized factor of composition x=[(W/ CLF)+r] within 95% confidence
intervals is given in figure 3 (a, b). .
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Fig. 3. The dependence of the prismatic strength of the expanded clay
concrete on the generalized composition factor
a) after steaming; b) 28 days
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For the transition from a cubic strength f to a prism strength fcq, which is
directly applied in the structural calculations, the prism strength coefficient shall
be used ¢, = f.q4/f:- As shown by numerous studies [12, 1] the value ¢, for light
concretes is slightly higher than for heavy, and varies within 0.85... 1.

NOTE: The results of the age 180, 360 days here and later are not given
because of the reduction in the volume of the article.

The experimental values of the controlled parameters f. (2s), fca (28) Were used
to estimate the influence of the variation of the strength expanded clay concrete
on the ¢, smallest squares equation obtained:

¢, = 0,826 + 0,0097x — 0,0003x2. (10)

Analytical expressions recommended by various researchers to describe
changes in the strength of concrete in time generally do not contain parameters
characterizing the composition.

Without contesting the validity of this approach, it should be noted that for
light concrete this assumption is not always justified. For them, the recommended
time dependency structure should be improved by introducing the composition
factors that most significantly affect strength.

Summary

1. Expanded clay concrete on quartz sand and cement-lime-fly ash binder
with a strength of 15, 20, 25 MPa can be recommended as a construction material
for the manufacture of concrete and reinforced concrete structures.

2. Studies of the strength of expanded clay concrete on quartz sand, made
on the basis of CLF -binding and determined:

- bulk mass;

- cubic and prism strength and their change in time;

- the value of the prism strength coefficient.

3. Density p, strength f;, fcq expanded clay concrete in ages 1(a.s), 28, 180,
360 days is recommended to use simple linear regression equations.
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