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Abstract

Introduction. Advances in the construction industry are causing new composite materials to emerge. This is preceded by
experimental studies, particularly analytical techniques for predicting the properties of new materials. Polymer composite
materials (PCMs) which have proved to be efficient in other industries are commonly utilized in construction as well.
PCMs have a number of features that should be taken into consideration while developing analytical techniques. PCM is
considered under the condition of isotropy of the final material and compliance with the mixture rule during its manufac-
ture. The objective of the study is to analytically determine the predicted strength limits of multicomponent composite
materials with mineral fillers.

Materials and methods. There are diverse methods for identifying the characteristics of polymer composites. An integral
method for determining the modulus of elasticity and the Poisson's ratio of a binary polymer composite material is set
forth, based on the assumption that there is a relationship between the elastic potentials of the composite components.
The transition of analytical forecasting of characteristics from binary to multicomponent polymer composite material is
also shown.

Results. The major characteristic of building polymer composites is their strength. A formula has been obtained for the
analytical determination of the predicted tensile strength of a binary polymer composite material, and the predicted tensile
strength for some multicomponent polymer composite materials has been obtained based on these formulas as well.
Discussion and Conclusion. The results enable us to conclude that while forming the composition of a multicomponent
polymer composite material, it is recommended that fillers with similar characteristics, in particular, elasticity modules
are combined.

Keywords: multicomponent polymer composite, binary polymer composite, polymer matrix, powder filler, mixture rule,
modulus of elasticity, Poisson's ratio, modulus of deformation, shear modulus, volume fraction, tensile strength
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AHHOTANUA
Beeoenue. Ilporpecc cTpouTeNbHON HHAYCTPUH IPUBOAUT K BOSHUKHOBEHHIO HOBBIX KOMITO3UTHBIX MaTePUaAIOB. DTOMY

NpeAUICCTBYIOT OKCIICPUMEHTAJIbHBIC UCCIICAOBAaHUA, B HACTHOCTHU, aHAJTIUTUYCCKNUEC TPUCMbI IIPOTHO3UPOBAHUA CBOICTB
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HOBBIX MaTepuajoB. B cTpourenbcTBe MIMPOKOE pacIpOCTPAHEHHE MOTYUHIIN MOJUMEPHBIE KOMIIO3UTHBIE MAaTE€PHUANIbI
(ITKM), xoTopble XOpOIIO 3apeKOMEHI0BAIM ce0sl M B Ipyrux orpacisx npomsinuieHHocTH. [TKM nmeror psan ocoden-
HOCTEH, KOTOpbIE CeqyeT IPUHUMATh BO BHUMaHUE B MPOIIECCe pa3paboTKU aHAJIMTUYECKUX METOIUK. PaccmoTpenue
ITKM npoucXoAuT MpH yCIOBUU U30TPOIUM KOHEUHOTO MaTepuala U MOAYHMHEHHUS IPaBUIIy CMECH IPHU €ro U3roTOBIIe-
HUH. Llenhro HACTOSIIETO HCCIIENOBAHUS SIBISIETCS] aHATUTHIECKOE OTPEIENICHNE TPOTHO3MPYEMBbIX MIPEAEIOB IPOIHOCTH
MHOTOKOMIIOHEHTHBIX KOMITO3UTHBIX MaTE€pHaiOB C MUHEPAIbHBIMH HAITOTHUTEIISIMH.

Mamepuanst u memoowi. CymecTBYIOT pa3INIHbIE METOANKH ONPENEIICHNUS XapaKTEPUCTUK TIOJIMMEPHBIX KOMITO3HTOB.
ITpennoxxeHa WHTErpaIbHAS METOAMKA ONMPEACICHUS MOyl YIpYTrocTd B ko3 ¢unnenTa Ilyaccona OMHapHOTO MOMHU-
MEpPHOT0 KOMITIO3UTHOTO MaTepuasa, OCHOBaHHAs Ha PEANIOI0KEHHH, IYTO MEXKAY YIPYTHMH MMOTEHINATIaMI COCTaBHBIX
yacTell KOMIIO3UTa CYIIECTBYET CBs3b. Taike MoKa3aH NMepexo] aHATUTUYECKOI0 MPOTHO3HUPOBAHUS XapaKTEPUCTUK OT
OMHAPHOTO K MHOTOKOMIIOHEHTHOMY HOJIMMEPHOMY KOMITO3UTHOMY MaTepHaIy.

Pe3ynomamul uccnedosanusn. Baxueiel XxapakKTepUCTUKON CTPOUTENBHBIX MMOJUMEPHBIX KOMIIO3UTOB SIBISIETCS MX
npouyHocTs. [lomydeHa hopmyna Ui aHaTUTHYECKOTO OINIPE/ICTICHUS TPOTHO3UPYEMOTr0 TIpeJielia TPOYHOCTH OUHAPHOTO
MOJIMMEPHOT0 KOMIIO3UTHOI'O MaTepuasa, Tak)ke Ha OCHOBE JaHHBIX (JOPMYII MOJTyUeH NMPOTHO3UPYEMBIH Mpeses mpoy-
HOCTH JJIsI HEKOTOPBIX MHOTOKOMIIOHEHTHBIX ITOJMMEPHBIX KOMIIO3UTHBIX MaTEpHAJIOB.

Oécyracoenue u 3axniouenue. [1omydeHHbIE Pe3yNIbTaThl O3BOJIIIOT CAENATH BBIBOA O TOM, YTO NPU (OPMHUPOBAHUU
COCTaBa MHOTOKOMIIOHEHTHOTO ITOJIMMEPHOI0 KOMIIO3UTHOT'0 MaTepHaa I1e1eco00pa3HO COYeTaTh HAOJHUTENH C OJIU3-

KHMHU I10 BSIIMYNHE XapaKTCPUCTUKAMH, B HaCTHOCTHU, MOAYJIIMU YHIPYT'OCTH.

KnroueBble cj10Ba: MHOTOKOMITOHEHTHBIN TTOJIMMEPHBIN KOMITO3UT, OHHAPHBIN TTOJMMEPHBIA KOMITO3UT, TIOJHMMEPHAsT
MaTpHIIa, TOPOIIKOBBIN HATIOJHHUTEIb, MPABUIO CMECH, MOYJIb yIPyrocTH, kodddurment [lyaccona, Monyib aedopma-

LIUW, MOJYJb CIBUTa, 00bEMHAs JI0JIsl, MPeAeI POYHOCTH

Enarouapﬂocnl. ABTOpBI BbIpaXKaOT 6J'IaFO,Z[apHOCTI> PCUCH3CHTAM, Ybsi KPUTHUYCCKAA OLCHKA NPCACTABJICHHBIX MAaTC-
PpHaJIOB U BBICKA3aHHBIC MPCIJIOKCHUA 10 UX COBCPIICHCTBOBAHUIO CIocoOCTBOBAIU 3HAYUTCIbHOMY IOBBINICHHUIO Ka-

YyeCcTBa HACTOSIIEH CTaThU.

s nutupoBanus. Bep:xxOosckuii I'.b., 3anmueB A.B. [IporHozupoBaHue cBOHCTB MHOTOKOMITOHEHTHBIX MUHEPAIIbHO-
MOJIMMEPHBIX KOMITO3UTHBIX MaTepHanoB. Cospemennble menoeHyuu 8 Cmpoumenscmee, padocmpoumenscmee u nid-
nuposxe meppumoputi. 2025;4(1):35-40. https://doi.org/10.23947/2949-1835-2025-4-1-35-40

Introduction. The development of the construction industry is causing more and more new materials, commonly
composites, to emerge. This happens prior to a stage of experimental research where a rational composition is selected,
as well as experimental samples are tested. Research can be time-consuming and costly, thus analytical techniques for
predicting the properties of new materials are of interest. Polymer matrix composite materials (PCMs) are commonly
used in various fields, including construction. Further on materials with a polymer matrix and one or more powder fillers
formed by simply mixing these components without any chemical reactions between them will be considered. In this case,
the PCMs obey the mixture rule [1]. Let us also assume that the composite as a whole and its individual components are
isotropic and obey Hooke's law. For these materials, it is essential to obtain analytical expressions enabling the strength
limits of the composite to be identified depending on the strength of its components.

Materials and Methods. There are diverse methods for identifying the characteristics of polymer composites, which
assume that all of the material parts are subjected to the same deformations [2] or equal stresses [3], so developers of new
materials make use of both approaches yileding an interval property assessment which is subsequently narrowed by means
of the Hashin—Strikman [4] or Mori-Tanaka [5] methods. In [6], an integral method for identifying the modulus of
elasticity and the Poisson's ratio of a binary material with a polymer matrix and a powder filler was set forth based on the
assumption that there is a relationship between the elastic potentials of the composite components (1).

50,8, = 0,8, (D)

where the indices “1” and “2” refer to the matrix and filler, respectively, and the parameter s is the ratio of the elastic
modulus of the components s = E; /E,.
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In [6], formulas were obtained for identifying the elastic modulus and Poisson’s ratio of a binary composite (2)

expressed in terms of volumetric deformation and shear modulus:
9K262 _ 31(2—262

DA 3KZ+GZ'VZ ~ 2(3Ky+Gy) @
The values included in the right-hand sides of expressions (2) are given by equalities (3) and (4):
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In the latter expressions the index "X" refers to the composite as a whole, and m; and m; are the volume fractions of
the matrix and filler, respectively, with m; + m; = 1. The examples of binary composites with a polypropylene matrix and
various fillers provided in [6] are in good agreement with the theoretical results and the experimental values in [7], i.e.,
the discrepancy does not exceed 10%. PCM formulations are becoming increasingly complex, and materials with two or
more fillers have emerged [8] for which it is also desirable to have similar methods for predicting their characteristics.
[9] shows how dependencies (2) can be extended to composites of a more complex composition. For a PCM consisting
of n components, expressions (2) must be applied (n — 1) times, sequentially adding hew components to the binary
composite. At each step, the sum of the volume fractions of the binary material is taken as one.

Research Results. In [9], as an example, the modulus of elasticity and the Poisson's ratio were identified for a three-
component PCM with a polypropylene matrix (40%) and fillers made of wood flour (50%) and chalk (10%). At the same
time, two variants of the "initial material" — a binary composite - were considered in order to assess the dependence of
the final results on the accounting procedure for the fillers (Table 1). All the values in the table, except the dimensionless
values, are provided in MPa.

Table 1
Modules of volumetric deformation of composites with a polypropylene matrix
. Matrix Filler
Composite Ky Gy S Es vy
mi ‘ K1 ‘ G ma ‘ K, ‘ G2

"Initial material” — polypropylene (PP) and wood flour (WF)

PP + WF 0.44 | 2917 493 0.56 8333 3846 4091 974 0.14 2707 0.39
Total 0.9 4091 974 0.1 7500 3462 4237 1052 0.3 2914 0.385

"Initial material” — polypropylene (PP) and chalk (C)

PP+ C 0.8 2917 493 0.2 7500 3462 3182 599 0.16 1692 0.41
Total 0.5 3182 599 0.5 8333 3846 4226 1053 0.17 2917 0.385

As can be seen from Table 1, the selected total desired values do not depend on the accounting procedure for fillers.
Fillers for building composites with a polymer matrix can be a wide variety of materials. Wood flour, a wood polymer
composite (WPC), is typically used. There have been attempts to make use of chalk, talc, marble flour, and other powdery
materials such as mineral polymer composites (MPCs) as fillers [7, 10, 11]. The factors restricting the wide use of these
composites in construction are the complex technology of manufacturing products using complex extrusion equipment
and the high cost of the final products. Nevertheless, it is possible to set up inexpensive mass production, e.g., of compo-
site wall blocks, if extrusion is switched to injection molding technology currently used for producing paving slabs, and
employ cement dust and fine gravel as a filler, which have now become readily available due to the consequences of
hostilities in the populated areas of the eastern part of Ukraine. Unfortunately, lots of buildings and structures in the
liberated territories cannot be restored and are being demolished resulting in a large amount of waste to be potentially
reused. It is also possible to utilize dust generated in the factories of the construction industry and mostly easily recycled.
Let us look at several materials whose cost and properties from open sources are given in Table 2.
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Table 2
Characteristics of possible PCM fillers

Filler A\{[g;ar%erglrjik():lee Eer moElll?lslzis(jilt\)/iPa Poisson’s ratio | Density p, kg/m?® K,
wood flour 11000 10000 0.3 450 0.909
aerosil 9900 6500 0.15 2450 0.657
barite 11750 6000 0.28 4480 0.511
plaster 20000 1400 0.16 2300 0.070
kaolin 5500 5000 0.25 2600 0.909
quartz 5750 7400 0.11 2600 1.287
chalk 2050 8500 0.29 1800 4.146
marble 2000 30000 0.15 2650 15.000
muscovite (mica) 22500 250 0.3 2700 0.011
talcum powder 3050 3500 0.25 2800 1.148
cement dust 950 19000 0.14 1400 20.000
fine crushed stone 550 20000 0.18 2600 36.364

Note that the value of the Poisson's ratio for wood flour is shown in Table 2 differs from the known one for wood.
The difference is accounted for by the fact that small particles of wood flour become isotropic, as with such particle sizes
the influence of the structural features of the starting material on the coefficient disappears. The relative high cost of
composite products can be cut down by using cheaper fillers, therefore, in the last column of the table is the ratio of the
elasticity modulus of the filler to its cost, i.e., the coefficient of efficiency of the filler. Obviously, the higher the K. value,
the cheaper the composite. If wood flour is taken as the base material, fillers with a Ke of at least 0.909 will be of interest.
These materials are shown in Table 2. The most essential characteristic of building polymer composites is their strength.
In [6], a formula was obtained for determining the predicted tensile strength of a binary PCM analytically:

3K;—2G;
Oeomy = —1=26i_ o 5
comX 3Kiti—2G;T; i ( )
with

1/2 1/2,1/2

t, = G £, = — (6)
1 m1611/2+51/2m2621/2 12 m1611/2+sl/2m2021/2’

1/2 1/24,1/2

n= 1/2 = 1727 t, = 1/52 2 1/2" (7)
mqK; +sl/2m2K2 myK; +sl/2sz(2

The ultimate strength of the composite is assumed to be the minimum of the two calculations for i, equal to 1 and 2.

(5) can also be used in order to predict the properties of multicomponent materials, which is proved by the results in
Table 3 where the combination of fillers chalk and wood flour is also looked at (Table 1).

Table 3

Compressive strength of composite, MPa

Matrix Filler
Composite ms Ky G, ms K, G, Ks Gy S Ocom1 Ocom?2

"Initial material" — polypropylene (PP) and wood flour (WF)
PP + WF 0.44 2917 493 0.56 8333 3846 4091 974 0.14 31.1 26.8
Total 0.9 4091 974 0.1 7500 3462 4237 1052 0.3 27.0 174
"Initial material” — polypropylene (PP) and chalk (C)
PP+C 0.8 2917 493 0.2 7500 3462 3182 599 0.16 29.9 16.8
Total 0.5 3182 599 0.5 8333 3846 4226 1053 0.17 17.7 26.8
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Discussion and Conclusion. Analytical formulas have been thus obtained in order to predict the strength of
multicomponent composite materials with a polymer matrix and mineral fillers considerably reducing the time spent on
developing new materials by cutting down the number of physical experiments. The numerical results shown in Table 3
enable us to conclude that while forming the composition of a multicomponent PCM, it is advisable that fillers with
similar modulus of elasticity are combined. Among the materials in Table 2, marble, cement dust, and fine crushed stone
are preferrable. These fillers can be obtained as a result of recycling demolished buildings and structures, including in
military zones. The strength of the multicomponent PCMs examined in the paper proves to be sufficient for manufacturing
wall blocks which can be produced directly in construction areas and utilized as a construction material for walls and
partitions of buildings for various purposes.
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