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Abstract. The article presents two computer materials science methods for analyzing the
functional properties of decorative concrete. The method of experimental-statistical modeling is used to
build nonlinear structured models that describe the material's physical, mechanical, and technological
properties in the coordinates of five factors of concrete composition. The study of the influence of recipe
factors on the characteristics of the composite was carried out according to a symmetrical three-level 27-
point plan. Depending on the nature of the effect on the decorative composite, varied raw materials are
combined into two groups of factors — modifications of the cement-sand system and parameters of
dispersed reinforcement. A comparative analysis of the local properties fields of reinforced and non-
reinforced material compositions showed the feasibility of reinforcing the cement-sand matrix with
hybrid glass fibers. However, based on the purpose of the work — to control the characteristics of a
decorative non-reinforced composite, subject to a constant level of one of its criteria, the method of
isoparametric analysis was used. The change in the quality criteria of composite compositions was
analyzed in two versions of isoparameters. In the first one, all mortar mixes were characterized by the
same viability within time t = 1.0+Ar, in the second one, all concrete compositions were isosthenic
within the limits of compressive strength f., = 56+Af.y,. For statistical testing of the characteristics of the
material, together with experimental statistical models, the Monte Carlo method was used. According to
the results of the isoparametric analysis of the functional properties of the decorative composite, it was
fairly reliably determined by the area of compromise relationships between the zeolite and the fine-
grained filler, however, the coordinates of their optimal amount don’t match according to all criteria. An
analysis of the results obtained by this method demonstrates that an engineering compromise between
these factors should be sought in the area of their main levels of variation. Introducing finely dispersed
zeolite instead of a part of cement is a technologically useful technique for improving the quality and
durability of unreinforced decorative concrete.

Keywords: decorative concrete, zeolite, fibre, experimental-statistical model, strength,
computational experiment, constant level of property, isoparametric analysis.

Introduction. The use of decorative concrete with a complex of given characteristics is
growing in many countries. The widespread use of these concretes due to their improved quality
and reliability in architectural products (structures). The priority is the invariance of artistic and
aesthetic expressiveness for the entire period of operation. In the context of their functionality,
decorative composites should be characterized by high rates of ease of installation, early strength,
crack resistance, discoloration, etc. [1]. Therefore, during the study of the characteristics of
concrete, there is an urgent need to analyze its quality indicators in combination with one or more
properties that are strictly regulated by the manufacturing technology of products, especially
products of complex shape (for example, architectural elements, etc.).

To solve this type of technological problems, professor V.A. VVoznesensky [2] proposed the
principle and methodology for isoparametric analysis (IP-analysis) to control the characteristics of
building composites. IP-analysis, according to [3], is carried out based on the results of a
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computational experiment, for the implementation of which mathematical models are used,
obtained from the data of experimental-statistical modeling of material quality criteria.

Analysis of literature data and problem statement. The analysis of domestic and foreign
literary sources showed a relatively wide range of technical and economic problems. It is necessary to
compare the quality indicators of building composites with the given values of their technological,
physical, and mechanical properties [4-12]. At the same time, positive experience in the implementation
of research tasks according to the method of V.A. Voznesensky and T.V. Lyashenko [2, 3] accumulated
in the field of such composite materials: during the optimization of the structural parameters of cellular
concrete according to the criteria for minimizing thermal conductivity and average density, which
made it possible to identify gas silicate compositions that have a lower density at a given compressive
strength [8]; during the optimization of particle size distribution and mineralogical composition of fillers
for polyester resins. The resulting polymer composition is characterized by a low resin content and
specified indicators of rheological and mechanical properties [3, 9]; to assess the influence of
operational factors on the probable physical and mechanical parameters of fine-grained concrete. The
analysis of the constructed distribution curves according to probable criteria confirmed that such
characteristics as tensile strength during bending and water absorption are more sensitive to destructive
processes that occur in the structure of the composite under the cyclic influence of environmental
factors [10]; in the study of changes in the functional properties of modified epoxy composites. The
obtained results of IP-analysis contributed to the identification of compositions that simultaneously have
minimum absorption and maximum resistance to the influence of water and oil following the regulatory
requirements for the criteria set for the composite [11]; while determining the rational compositions of
fiber concrete used for the manufacture of architectural elements. The application of the method made it
possible to determine the area of compromise ratios between glass and polypropylene fibers [12], etc.,
under isosthenic conditions of the properties of the composite.

The presented results in scientific papers [8-12] demonstrate — that the IP-analysis method allows
to obtain several meaningful solutions that are useful for the production and use of construction
materials made on various binders. In this case, IP-analysis can be used to solve the problem of
obtaining decorative concrete with certain characteristics but with a slightly smaller margin of the
compressive strength coefficient [1]. This is due to the fact that the architectural elements of the
facades of buildings and structures during operation do not carry power loads. Therefore, taking into
account the practical orientation of the use of the composite, in particular the requirements for its
characteristics, it is of interest to analyse the quality criteria of the material compositions without
fibrous filler. At the same time, it is important that the stage of obtaining a composition is combined
with the shaping of an architectural product. Along with the requirements for the mechanical properties
of concrete, requirements are put forward for the properties of the mortar mix. In this regard, the
optimization of technological and mechanical quality criteria of decorative composites is an urgent
problem, the solution of which requires the use of isoparametric analysis.

The purpose and objectives of the research. The purpose of the work is to determine the area of
compromise ratios between the zeolite filler and the fine-grained aggregate while providing the specified
levels to the characteristics of the viability of the mixture and the strength of decorative concrete.

The main task of the research is the analysis of the features of the effect of zeolite and sand
granulometry on the functional properties of decorative non-reinforced composites in isorheological
and isosthenic conditions.

Field experiment and modiling. The experiment to determine the properties of decorative
concrete was conducted according to the 27-point, 5-factor plan [1, 13]. Two groups of composition
factors were varied: "Modifiers of the cement-sand matrix” and "Parameters of dispersed
reinforcement™.

The first group included dosages of finely dispersed zeolite at levels of X; (Z) = 4+4 parts by
mass or p.m. (introduced instead of a part of cement), fractions of fine-grained sand mixed with
coarse-grained sand X, (SG) = 50+20 p.m. and superplasticizing additive based on polycarboxylate
X3 (MF) = 0.5+£0.2 p.m. from the mass of the binder. In the second — highly dispersed glass fibers
with a length of 6 and 12 mm, which were introduced in the amount of X, (F6)= Xs(F12) =

Modern construction and architecture, 2022, no. 2, page 52-59

53



54

BUILDING MATERIALS AND TECHNIQUES

0.015+0.015 p.m. from the mass of the soluble mixture. The compositions were made with different
water-cement ratio, which ensured the fulfillment of the requirement for the same mobility of the
mixture — grade S4. Production and testing of samples were carried out following DSTU B V.2.7-
239:2009. The composite has requirements for the shelf life of the mixtures t > 0.95 hours and
beyond the limit of compressive strength f.,, > 50MPa.

According to the experimental data [1, 13], a complex of nonlinear structured experimental-
statistical models (ES-models) was built, which describe the fields of physical, mechanical, and
technological properties in the coordinates of five composition factors. Thus, model (1) with 13
non-zero coefficients describes the complete field of time t attainment of the plastic strength Py, of
35 kPa (corresponds to the initial consistency of the S4 mixture) in case of an experimental error
Se(t{Pm=35}) =0.127 hour.

{Pn=35}=1.136 |-0.141x; £ 0 X;* +0.069%y%; | |—0.052X;X4 £ 0 X1Xs
~0.102%, — 0.198%,2 —0.053%;:X3 ||= 0 XoX4 £ 0 XoXs
—0.480%;3 +0.382x%5% —0.068%,X3 | |+ 0.061%5Xs % 0 XaXs

+ 0 X4 +0.157x,% —0.084x,x5
+ 0 Xs+ 0 x& (1)

The basic generalizing indicators [2] of this field are: t{Pm=35}max = 2.35 (at x3= x3= x4 = -1,
x2=-0.26, x5 = +1), T{Pm=35}min = 0.515 hours (at x; = x, = +1, x3= +0.77, x4 = +0.29, x5 = +0.99)
and relative growth & (t{Pn=35}) — in 4.6 times. In Fig. 1 shows the local field t{P,=35} in
coordinates of zeolite (Z) and fine sand (SG) factors at maximum plasticization of composite
compositions (MF =0.7 p.m.) and the content of hybrid fibers at low and medium levels (F6 + F12
— 0 and 0.03 p.m.). So the diagram t{P,»=35} shows two surfaces formed by reinforced and non-
reinforced composite compositions (upper and lower planes). Suitable local fields for compressive
strength f., (MPa) and flexural tension fum (MPa), water absorption Wy, (% by weight after 24
hours of exposure), medium density peq (kg/m?), and the coefficient of technological influence Kt
(was determined by crack resistance [14]) are also presented in Fig. 1. The expediency of
introducing hybrid fibers into the composition of composites, the presence of which makes it
possible to significantly strengthen the cement-sand matrix under such conditions, is confirmed.
(fommax = 72 MPa). However, as noted in the review of this work, local fields of unreinforced
concrete compositions are useful for the analysis of quality criteria.

The results of the research. Methodological bases of IP-analysis. For a computer study of the Y
characteristics of decorative concrete, together with the ES models, the Monte Carlo method was used,
which makes it possible to evenly distribute the levels of prescription factors within the given limits.
The change in the properties of the composite was analyzed in two versions of isoparametric
conditions (IP conditions). In the first version, all soluble compositions were characterized by the same
viability within t{P,=35} = 1.0+Art, in the second, all concrete compositions were isosthenic within
fom = 56+Af.. It should be noted that for the IP analysis on two factorial fields of these criteria (Fig. 1 —
lower surface), the isolines corresponding to their median values were selected.

The width of the corridor for the isoparameters was given by the mean square error of the field-in
experiment s.{Y}, the average value of the prediction variance function d in the local field, and the t,-
distribution quantile for the tolerable risk o.. However, the calculation of the value of the d-function is
somewhat simplified compared to that recommended in [2] and is performed in two stages. In the 1st
stage, the dispersion for the average value at each point of the experiment plan is determined; in the
2nd stage, the primary quadratic model of the dispersion of the isoparameter d{Y} is built in the
COMPEX program, which is used to calculate the model for the local field in the x; and x, coordinates
while stabilizing the other factors at levels x; = +1, x4 = x5 = —1. Thus, half the width of the corridor
AY =t,-Se- d®® amounts to At = 0.05 hour, and for Afem = 3.15 MPa. After that, in two factorial areas,
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Fig. 1. Local authorities of hybrid-reinforced and non-reinforced warehouses
(upper and lower upper) decorative composites with a high level of plasticization
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the Monte Carlo method generates 1000 evenly distributed compositions (points) in the coordinates of
the x; and x, factors, to which four mandatory ones are added at the square's vertices. Further, for each
field composition, according to the EU models, the values are quantified t{P,»=35} and f.y,. Out of
1004 generated points, only compositions of composites are selected for participation in the analysis,
the isoparameter values of which fall within the confidence corridor for 0.95 < t{P,=35} < 1.05 hour,
52.85 < fcm < 59.15 MPa (Fig. 2a and b). It is important that the lower boundaries of the isoparametric
corridor of properties correspond to the normalized levels regulated by the technology when
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Fig. 2. The impact of zeolite x; and fine sand x, on pot life is high plasticized mixtures (a)
and compressive strength of non-reinforced composite (b)

developing a decorative material. Such composites in IP-corridor for t{P,=35} and f., left 273 and
583, respectively, which covers about 27 % and 58 % of their local fields. At the same time, the
continued viability of mixtures in the corridor is ensured by changing the levels of factors within
limits for zeolite x; from -0.95 to +0.83 and fine sand x, from -0.99 to +0.60 and a compromise
solution for concrete under isosthenic conditions is only achieved within the initially specified
limits x; and x,. For the resulting compositions of the composite, we estimate the levels of local
fields of other properties and build corridor graphs.

Discussion of the results of the research. For the IP analysis of the quality criteria of the
decorative composite, the second method of visualization of the statistical testing of material
compositions was used [2, 11]. With this method, the property values were scanned along the axis
of one of the x; and x factors.

Fig. 3 shows "corridor" graphs for physical and mechanical properties, the values of which
are determined under isorheological conditions t{P»=35} of the mixture. The change in the
characteristics of concrete is associated with an increase in zeolite from 0.2 to 7.3 p.m. At the same
time, to maintain ongoing viability, the content of fine sand in a mixture with coarse sand should
decrease from 62 to 30.3 p.m. With such dosages of zeolite and fine sand, the compressive strength
fom and flexural tensile strength fum Of concrete increase by 22.8 % and 14.3 %, respectively. Here
it is worth noting that all isorheological compositions of the compositions are characterized by the
regulatory requirement for f,, > 50 MPa. However, under such conditions of factors x; and x;, the
situation with regard to the coefficient of technological damage of concrete changes in the opposite
way. With an increase in the content of small grains of sand X, in a mixture with large (to = 55
p.m.), with small dosages of zeolite (x; <0), Ky grows at 12.3 %. Some interest is observed in the
water absorption of the composite. As the replacement of cement with pozzolana increases (up to 4
p.m.), the average density decreases pcq, however, the ability of concrete to saturate with water also
decreases Wn, ~ 11.6 %.
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Fig. 3. Results of IP analysis of quality criteria for compositions with viability t=1.0+0.05 hour
with independent control of zeolite x; or sand granulometry x, in the range -1 <x; <+1

The results of statistical testing of composite compositions in isosthenic conditions are
presented in Fig. 4. The analysis of property estimates on these charts allows us to draw a number
of conclusions. An increase in the content of zeolite grains, as well as the fraction of fine sand in the
aggregate mixture, leads to the reduced shelf life of compositions by approximately 58 %. In
addition, 245 of 583 compositions do not meet the requirement for {t{Pn=35} > 0.95 hour.
However, in such conditions, the flexural strength of concrete fum increases by about 17 %. At the
same time, with a further increase in the grains of the fine fraction of sand from 57 p.m. (or x; =
+0.39) in the aggregate mixture, fum decreases by ~ 12 %. It is also worth recognizing that the
average density decreases and the damage of the material increase Kt. At the same time, the
minimum values of water absorption W, are possessed by concrete compositions made on coarse-
grained sand, the content of fine grains x, in the sand mixture should be ~ 33 p.m. per 100 p.m.
placeholder. A comparative analysis of the results obtained by the IP-analysis method on the
influence of zeolite and sand aggregate granulometry on the characteristics of the decorative
composite (Fig. 3 and 4) demonstrates that an engineering compromise between x; and x, should be
sought in the area of their main levels of variation, i.e. X; (Z) = 4 p.m. and X,(SG) = 50 p.m.

Conclusions. Computer experiments on isoparametric analysis on local fields of
characteristics of building materials are an effective tool for obtaining new materials science
information. According to the results of the IP-analysis of the functional properties of the decorative
composite, the area of compromise ratios between zeolite and fine-grained aggregate is fairly
reliably determined. However, the coordinates of their optimal amount do not match according to
all criteria. Introducing finely dispersed zeolite instead of a part of cement is a technologically
valuable technique for improving the quality and durability of non-reinforced decorative concrete.
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AHoTalis. Y CTaTTi NPEACTaBICHO JABa METOAU KOMIT IOTEPHOIO MaTepiallo3HaBCTBA JUIsl aHAIII3y
(GYHKIIOHAILHUX BIIACTUBOCTEH JICKOPaTHBHOI'O 6eTOHy Memoo EKCHEPUMEHMATLHO-CIAIMUCTIUYHO20
MOOeN08anHs 3aCTOCOBAHO ISl TOOYJOBU HEMIHIMHUX CTPYKTYPOBAHHX MO,I(GJ'IGI/I K1 ONUCYIOTb IOJIS
(bi3MKO-MEXaHIYHUX 1 TEXHOJIOTIYHUX BJIACTHBOCTEH MaTepialy B KOOPIUHATAX I’ ATH (haKTOPIB CKIIAY.
JlocipkeHHST BIUIMBY peHENTypHUX (aKTOpPiB HAa XapaKTEPUCTUKH KOMIIO3UTY BHKOHAHO TIO
CUMETPUYHOMY TpI)OXpiBHeBOMy 27-mu TOYKOBOMY  ILIaHY. 3ane)XHO BiA XapakTepy Aii Ha
JIEKOPaTUBHMAN KOMITO3UT BapiiioBaHI CHPOBHHHI Marepias o0’€mHaHi B JBI Tpymu (akTopiB —
MoauGiKallii IEMEHTHO-IIIAHOI CUCTEMH, MapamMeTpy UCIEPCHOrO apMYBAHHS. HOplBH}IHBHI/II/I aHaJ3
JIOKaJIbHUX TOJIB BJIaCTUBOCTEN apPMOBAHKX 1 HeapMOBaHUX CKJIAJIIB MaTepialy MoKa3aB JOLLIbHICTh
apMyBaHHs 1IEMEHTHO-IIIAHOI MaTpHlll TiOpUIHUMHU CKJIOBOJOKHAMU. OJHAK BHUXOASYM 13 METU
poOOTH — ISt YIPaBIiHHS XapaKTEPUCTHKAMH JEKOPATUBHOTO HEAPMOBAHOTO KOMITO3UTY, MIPU YMOBI
MOCTIHOTO PIBHS OJIHOTO 13 HOTO KPUTEPIiB, 3aCTOCOBAHO MeMO0 I30NapamempuiHo20 auaizy. IMiHy
KPUTEPIiB SIKOCTI CKJIA/IB KOMIIO3UTY NPOAHATII30BaHO B JBOX BEpCiAx 13omapamerpii. B mepuriif Bci
PO3YMHHI CYMIIIl XapaKTepU3yBaJIMCS OJHAKOBOIO >KUTTE3JATHICTIO B Mekax dacy T = 1.0 + At, B
ApYTiii — BCi CKIaayM OETOHY OYIIM 130CTEHIYHMMH B MeXax MIIHOCTi Ha CTUCK fom = 56 + Afey. s
CTaTUCTUYHOTO BUIPOOYBaHHS  XapaKTEpUCTHK Marepially CHUIBHO 3  EKCHEepHUMEHTAIbHO-
CTATUCTUYHUMHU MOJIETISIMU BUKOpUCTaHO MeTo]l MoHTte-Kapro. 3a pesynabraTtamu i3onmapamMeTpuyHOro
aHa’mizy (QYHKUIOHAIBHUX BJIACTUBOCTEM JEKOPATUBHOIO KOMIIO3UTY JIOCTaTHbO JIOCTOBIPHO
BU3HAUYA€ThCSl 00JIACTh  KOMIIPOMICHUX  CITIBBIIHOLIEHb MDK LEOMITOM 1 JpiOHO3EpHUCTHM
3allOBHIOBAYEM, MPOTE€ KOOPJAMHATH iX ONTUMAaJbHOI KUIBKOCTI IO BCIX KPHUTEPISX HE CIIBIAJAIOTh.
AHami3 OTpUMAaHMUX pE3YNbTATIB MM METOJIOM JEMOHCTPY€E, IO I1HXKEHEPHHH KOMIIPOMIC MK
BKa3aHUMM (pakTOpamMHM BapTO IIyKaTW B 001acTi iX OCHOBHUX pIBHIB BapitoBaHHS. BBeneHHS
TOHKOJIUCTIIEPCHOTO IEOJIITY B3aMiH YAaCTUHM LIEMEHTY € TEXHOJIOTIYHO KOPUCHUM HpPUHOMOM s
ITIBUILIEHHS SKOCT1 Ta JIOBFOBIYHOCTI HEAPMOBAHOTO JIEKOPATUBHOTO OETOHY.

KirouoBi cjioBa: aekopatuBHUN O€TOH, 10T, (GiOpa, MIIHICTh, 130MapaMETPUIHUN aHAII3,
eKCTIEPUMEHTAIbHO-CTaTUCTUYHA  MOJIeNIb, KOMIT'FOTEPHUM  €KCHEepUMEHT, MOCTIHHUII  piBeHb
BJIaCTUBOCTI.
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