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Abstract. The work is devoted to the analysis of the basic mechanisms of multi-centre
structure formation of building composites. The perceptions of structure evolution must include
discrete sequences of irreversible «step-events». Each subsequent stage of structural development
begins «from what has been achieved» and is realized with the participation and by means of inner
surfaces of partition. The implementation of various mechanisms of the spontaneous emergence of
local centres of structure formation leads to the organization of a multidimensional structure of the
product. The multi-centre structure formation of material provides a reserve of a diversity of
structures of products and constructions at various levels of heterogeneities. This sets the conditions
for favourable structural changes that guarantee the resistance of products under external influences.
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Introduction. The experience of many generations of researchers has shown that the
performance of the target functions of building products and constructions depends on the organization
of the capillary-porous structure of the materials from which they are made [1, 2]. Qualitative and
quantitative compositions of pores and capillaries determine almost the entire set of experimental
properties of materials — water absorption, capillary suction, moisture and thermal deformations,
strength characteristics, frost resistance, etc. At the same time, pores, capillaries and cracks do not
appear as initial elements when assigning compositions of different types and purposes of building
materials. These elements spontaneously occur during technological periods of production of material
and constructions and lead to non-accidental formation of localized discontinuities in an initially
continuous environment. Therefore, one of the important tasks of ensuring the required operational
characteristics should be the analysis of the mechanisms of spontaneous formation of inner surfaces of
partition in the form of pores, capillaries and cracks in a continuous environment. This will allow
determining the control factors of structure and properties of poly-structured materials.

Analysis of recent research and publications. The influence of prescription and
technological factors on formation of capillary-porous structure and its subsequent influence on
properties of materials are sufficiently reasoned in the special literature [3-5]. Chemical,
physicochemical, physical and mechanical processes and phenomena that lead to the formation of
local discrete elements in a continuous environment are researched. In our opinion, multi-centre
structure formation as one of the likely mechanisms should be added to this authoritative list. The
emergence of new elements in the form of surfaces of partition (pores, capillaries, cracks) for the
system is not accidental as a result of the implementation of this mechanism. Multi-centre structure
formation is the most initial process of organizing material structures, regardless of their nature and
purpose, acting as a necessary prerequisite for the development of processes and phenomena during
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hydration, polymerization, drying, melt hardening, etc. Thus, it is necessary to consider all the
stages of evolutionary transitions to explain how, when, and why localized structures and inner
surfaces of partition emerge in the original continuous mixtures. This will make it possible to
determine the factors controlling the joint set of focal centres in poly-structured materials, which are
structurally related to each other by the conditions of their emergence and development ways.

Aim and tasks. In connection with the foregoing, the aim of research was determined — to
analyze the basic mechanisms of multi-centre structure formation of poly-structural composite
materials and products. A control of the basic mechanisms of spontaneous emergence of
discontinuities in a continuous environment should be considered the main task to achieve set aim.
This will allow directional changing of the discrete periods of evolutionary structure formation to
obtain complexly organized materials with given properties.

Objects and methods of research. Building poly-structural composites (products,
constructions, materials) were adopted as objects of study and analysis [6]. Poly-structure assumes
that at each level of heterogeneities, its own structure organization mechanism is implemented,
which is characteristic of this level, with mandatory consideration of effects of interaction and
interaction of different levels between each other. The method of multi-centre structure formation of
building composites is the basic method of analysis. Multi-centre structure formation can be
imagined as the process of spontaneous emergence of the structure-forming foci (centres) in the
material. The localized structures with individual for each such structure qualitative and quantitative
compositions are formed around these centres. The organization of local structures inevitably leads
to the emergence and development of new structural elements for the system — surfaces of partition
that can degenerate into pores, capillaries, and crack faces. In the general case, the surfaces of
partition can be represented as micro-volumes of the modified material at the surfaces of partition
of components (phases, structures). The surface of the components (phases, structures) itself also
refers to the surfaces of partition. Phenomena and processes, that realized in the volume of
components (structures, phases), occur on the interface. The interaction between components
(phases, structures) takes place through the surfaces of partition. Inner and inter-cluster surfaces of
partition are distinguished [7]. The inner surfaces of partition can be imagined as discontinuities in a
conditionally continuous material. Inter-cluster surfaces of partition can be imagined as surfaces
formed as a result of the organization of structural aggregates. Surfaces of partition are
characterized by surface area and its relief, local and collective surface phenomena.

Research results. The emergence of inner surfaces of partition completes the initial stage of
the evolutionary process of structure formation in continuous material and creates new conditions
for the organization of fragmentary-mosaic structures at each level of heterogeneities. The
uniqueness of inner surfaces of partition is that their very appearance changes the system
irreversibly — significant discontinuities appear in a continuous environment. This gives reason to
consider them as a peculiar interface — as the source of a communicative mediator, on the one hand,
and, on the other hand, as a source of disengagement and the emergence and development of
conflict between individual elements of the structure. The very fact of the formation of inner
surfaces of partition requires the involvement of different fields of knowledge for analysis, leads to
the generation of new meanings when describing the fragmentary structure of materials, and
actualizes the transition of the system to a new state. Therefore, the perceptions of structure
evolution must include discrete sequences of irreversible «step-eventsy.

The period of self-organizing of structure-formation centres is completed when discontinuities
appear. This leads to an «instant» change of the structure and «unpacking» (according to
V.V. Nalimov) of new meanings (Fig. 1.). The next stage of structural development begins «from
what has been achieved» and is realized with the participation and through the inner surfaces of
partition. At the same time, a single mechanism of multi-centre structure formation does not exist.

Each level includes a set of structural elements characteristic only for it: clusters of binder
particles and new-phase products at the micro-level; ordered cells, arbitrarily formed by the groups
of aggregate in the matrix material, at the macro-level; the product (construction) itself at the
product (construction) level. Respectively, this allows taking as control factors the change of: the
ratio of sizes, quantities and nature of the initial binder particles (fillers); the ratio of adhesive-

Bulletin of Odessa State Academy of Civil Engineering and Architecture, 2020, no. 79, page 63-69



BUILDING MATERIALS AND TECHNIQUES

cohesive bonding forces at the surfaces of partition between the matrix and the aggregates; the
geometric characteristics of the product.

!

Structure development
X

Process direction

Fig. 1. Schematic diagram of multi-centre structure formation of complexly organized composites:
1 — formation of non-accidental spontaneous emergence of centres of organization of local
structures; 2 — formation of structure elements that are new to the system; 3 — periods of
development of the structure on the principle of «from achieved»

Structural organization at the level of the binder occurs as a result of the interaction of the initial
grains of cement and particles (ions) of the products of the new phase. This leads to the formation of
different-sized discrete structural blocks-clusters. The conditions for the creation of such clusters are
determined by the kinetics of the development of local own deformations that arise during the
interaction of the hardening matrix material with the aggregates. In turn, local deformations form and
are formed against the background of the development of integral deformations. The nature of the
distribution of integral deformations depends on the geometry of the products and constructions. At the
same time, various mechanisms of multi-centre structure formation are realized. This leads to the
organization of a multi-dimensional structure of the product. There is a unique combination of certain
repeatability of discrete structures of each level with absolute non-repeatability of forms, size, and
orientation, qualitative and quantitative compositions of different-sized fragments. It can be concluded
that one of the basic holistic principles is inevitable — everything in the structure of the product is
interrelated with as a result of feedbacks at each level and between the levels themselves.

Spontaneous occurrence of non-conforming by qualitative and quantitative composition of
clusters leads to increased of non-conformance by type of clusters from products of new growths. This
is particularly the case with the amorphous (vitreous) phase, which can be up to 80% of the total
hydration products. The integration of particles into blocks involves inter-particle contact. This
stimulates the processes of volume surface diffusion mass transfer and diffusion mass transfer through
the dispersion phase — the manifestation of «cold sintering» effects [8]. Mass transfer through the
volume of particles and their surface involves the migration of ions that are not involved in the chemical
processes of hydration. This will diversify the qualitative composition of the microstructure, since the
material of the contact isthmus consists mainly of the material of the parent particles. Such qualitative
composition is difficult to identify by existing methods of qualitative and quantitative analysis.

The formation of different scale fragments completes the initial path of structural organization
and anticipates further processes of structural organization, taking into account the emergence of
new different-level surfaces of partition in the system. The evolutionary path involves a further
analysis of the behaviour of the system «from what has been achieved» (Fig. 2).
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Fig. 2. Scheme of co-evolutionary shifts of structure of poly-structural materials based on
inorganic binders:

| — the beginning of the process at the level of the initial binder; Il — the beginning of the process
at the level of products of new growths; 111 — the beginning of the process at the concrete level;
IV — the beginning of the process at the product level; k — the beginning of the process of crystal

nucleation and growth; ¢ — the beginning of the process of organization of the vitreous phase

structure;
— Mutual influence of processes on structure transformations of different heterogeneities;

‘ — The period of emergence of fundamentally new elements of the structure;
—@ — Completion of influence of new elements on the structure organization of different levels;
@ — The period of the qualitative and quantitative shift of individual level structures

The implementation of multi-centre structure formation at different levels of heterogeneities
produces the manifestation of an emergent interface not only within each level, but also between
different levels. Discrete «steps-eventsy» at each level involve the development of new scenarios for
the development of structures «from what has been achieved». Inner surfaces of partition are
transformed into other elements with the next stage of discontinuities occurrence.

As characteristic mechanisms of multi-centre structure formation for poly-structural
composites can be distinguished: mechanisms of unbalanced inter-particle interactions for the initial
binders and thermo-fluctuation effects of critical nucleation concentration for the products of new
growths; mechanisms of interaction of matrix material with aggregates; mechanisms of the
influence of geometric characteristics of products on the formation of residual deformations, which
determines the processes of structure organization of all levels.

An increase in the diversity of cluster structures, unique in shape, size, and composition, at the
levels of a microstructure and products of new growths, is reflected in the kinetics of volume
deformations and the setting time of hardening material. With certain changes in filler compositions
and parameters of external influences, the structures of cement and polymer-containing composites
were obtained, providing increased values of compressive strength up to 39%, crack resistance up to
2 times, elastic modulus up to 2.5 times.
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Structural cells formed by groups of aggregates in matrix material are unique in size, shape
and conditions of interfacial interactions. Therefore, each structural cell is an individual unique
centre of structural formation. This is confirmed by the various in values and kinetics of volume
deformations and the setting times in different cells. Depending on the quantity and relative
orientation of placeholders in structural cell models, the values of initial volume deformations of the
cement matrix were changed by 7-44%, the setting time by 20-150 min. The use of aggregates with
different surface conditions allows diversifying the conditions of macrostructure formation even in
concrete of the same composition. Damage of cement matrix by initial cracks and inner surfaces of
partition in samples with different sets of cells differed up to 45%, water absorption value up to
45%, compression strength up to 2 times. As a result, structures were obtained that provide an
improvement in the properties and resistance of the product material at low-cycle fatigue compared
to products on concrete with traditional compositions. At fracture of samples, the length of the main
crack was 18% less in concrete with selective adhesion of the matrix to aggregates, due to a more
developed network of initial cracks and inner surfaces of partition, i.e. those concretes that included
a more complex set of structural cells.

Changing the geometry of the products exacerbates the uniqueness of the distribution of local and
integral initial deformations, which act as centres of concrete structure formation at the product level.
Regulation of the conditions of multi-centre organization of the structure due to the design of the shape
of small-piece products and concrete beams allowed to reduce the gradients of residual deformations
and, thereby, increase their mechanical properties. Experimental results showed that a change in the
conditions for the formation of fields of technological deformations due to a change of the shape of one
of beam faces resulted to a change in the density of the material up to 190 kg/m®, compressive strength
up to 30%, and a decrease in water absorption up to 20% over the product cross-section.

Multi-centre structure formation is typical of virtually all complexly organized materials and
products obtained by drying, cooling, polymerization and poly-condensation, hydration, etc.
Multilevel multi-centre structure formation creates the conditions for formation of multilevel
individual fragmentary-mosaic structures. The initial composition of the material and technological
modes of production of products have the most significant effect on the formation of different-level
relatively independent parts-fragments. The appearance of fragments inevitably leads to the
emergence and perspective of the development of inner surfaces of partition, which predetermine
subsequent evolutionary transformations of structures.

Conclusions. The analysis made it possible to establish that multi-centre structure formation
is an objectively existing phenomenon of structural formation of composite construction materials.
In turn, an analysis of the mechanisms of multi-centre structure formation showed that
fundamentally different mechanisms lead to the spontaneous emergence of new elements for each
level of structural heterogeneities — inner surfaces of partition. Further processes of evolutionary
transformations of the structure of the material and products are determined by the conditions for
the transformation of the resulting surfaces of partition into pores, capillaries and cracks. This is the
subject of further research. The multi-centre structure formation of building composites provides a
reserve of the diversity of their structures at various levels of heterogeneities. This sets the
conditions for favourable structural changes, which guarantees the resistance of products under
external influences.
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AHoTanisi. baratoocepenkoBe CTPYKTYpPOYTBOPEHHSI € OO’€KTHBHO ICHYIOUMM (HEHOMEHOM
YTBOPEHHS CTPYKTYp OyHIiBEIILHMX KOMIIO3UTIB, HE3AICKHO B 1X MpuUpoad Ta npusHadeHHs. [lin
0araTooCepeIKOBUM CTPYKTYPOYTBOPEHHSIM CJIJI PO3YMITH TIPOIEC CIIOHTAHHOTO BHWHHKHEHHS B
Marepiali CTPYKTYPOYTBOPIOKOUUX OCEPEIKiB (LIEHTPIB), HABKOJIO SIKMX YTBOPIOIOTHCS JIOKATi30BaHi
CTPYKTYPH 3 IHAWBIIyaTbHUM JJIsI KOKHOI CTPYKTYpPH SIKICHUM Ta KUIBKICHUM CKJIafamMu. BaskimBoro
3a7ayero 3a0e3neueHHs MOTPIOHMX BIIACTUBOCTEM BHUPOOIB 1 KOHCTPYKLIN CIiJi BBa)XATH aHalI3
MeXaH13MIB CAMOBUILHOTO YTBOPEHHS B O€3MEPEPBHOMY CEPEOBHUIII BHYTPIIITHIX TTOBEPXOHb PO3IUTY Y
BUTJISIZII TIOp, KamumsipiB Ta TpinmH. lle mo3BomuTh BU3HAUMTH (DaKTOPU KEPyBAaHHS COJIIAPHOIO
MHOKMHOIO CTPYKTYPHO 3B’SI3aHHX OCEpPEIKOBUX LIEHTPIB Yy MOJICTPYKTYpHHUX Marepianax. Tomy
METOK  JIOCHIDKEHb ~ OyJ0  MpoaHali3yBaTH  OCHOBHI ~ MEXaHI3MH  0araroocepeKoBOro
CTPYKTYpPOYTBOPEHHSI KOMIIO3UIIIMHUX MaTepiaiiB. YSBJIEHHS NP0 EBOJIIOLIIO CTPYKTYpH Mae
BKJIFOYATH B ceOe JTMCKPETHI MOCHIIOBHOCTI HE3BOPOTHUX «KPOKIB-NOAii». KoxkHuil HacTynHuil eran
CTPYKTYPHOTO PO3BUTKY IMOYMHAETHCSA «BLA JOCSITHYTOrO» Ta peai3yeTbCs 3a y4yacTIO Ta uepes
BHYTpILIHI TOBEpxHI po3auty. CTpykTypHe OQOpPMIIEHHS Ha pIBHI B’SKY4Oro BiJOyBaeThCcs B
pe3ynbTaTi B3a€EMOJIIT BUXITHUX YAaCTOK LIEMEHTY Ta MPOAYKTIB HOBOI (ha3u, 110 Bele IO YTBOPEHHS
pi3HOMACIITa0HUX JUCKPETHUX CTPYKTYPHHUX arperariB — KJI1acTepiB. Y MOBH OpraHi3allii BA3HAYal0ThCs
KIHETUKOI PO3BUTKY JIOKAJIIbHUX BJIACHUX JAeopMalliil, skl BUHUKAIOTh MPH B3a€EMOJIi MAaTPUYHOTO
MaTepiaiy, 1110 TBEPJII€, 3 TOBEPXHEIO 3alIOBHIOBAYIB. Y CBOIO Yepry JOKajbHi jedopmariii GopMyroTh
Ta (popMyIOThCs Ha (POHI PO3BUTKY IHTErpabHUX AedopMalliil, XxapakTep po3MOJAUTy STKUX 3aJIeKUTh BiJ|
reoMeTpii BUpoOiB Ta KOHCTPYKILIK. [Ipy 1boMy peani3yroThesi pi3HI MEXaHI3MU 0araToocepeKoBOro
CTPYKTYpPOYTBOPEHHS, 110 BeJe JIO0 OpraHizamii OaratoMmipHoi cTpykTypu BupoOy. BinOysaeTbcs
CBOEPIJIHE y3araJlbHEHHS HEMOEJHYBAHUX 3a SIKICHUMH O3HaKaMH €JEMEHTIB B 00’eMi Mmarepiaity
ofHoro BHpoOy. [lomanpimi mpolecu eBONMIOIIMHUX MEePEeTBOPEHb CTPYKTYpU Marepiaity Ta BHpOOiB
BU3HAYAIOTbCS YMOBaMHU TpaHc(opMallii MOBEpXOHb PO3JiTY, 110 BHHUKIM, B TIOpH, KamuIIpH Ta
TpimmHU. baratoocepenkoBe CTPYKTypOyTBOpPEeHHsI Oy/iBEIbHHX KOMIIO3UTIB 3ale3leuye pe3eps
PI3BHOMAHITTS iX CTPYKTYp Ha pI3HMX pIBHAX HeogHopiaHocTed. Llum 3amaroTbest ymoBH st
CIIPUSATIMBUX CTPYKTYPHHX 3MiH, 1[I0 TAPAHTY€E CTIHKICTh BUPOOIB MPH 30BHIIIHIX BILIUBAX.

KiouoBi ci10Ba: KOMIO3UTH, MOJICTPYKTYpPHICTh, 0araToocepeikoBe CTPYKTYpOYTBOPEHHS,
caMooprasizallisi, BHyTpPiIlIHI TOBEPXHI PO3ILTY.
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AHHOTanusi. MHOroo4aroBoe CTpyKTypooOpa30oBaHHE SBISIETCS OOBEKTUBHO CYIIECTBYIOIIUM
(eHOMEHOM 00pa30BaHUSl CTPYKTYpP CTPOMUTEIbHBIX KOMIIO3UTOB, HE3aBUCHMMO OT UX NPHPOABI U
HazHaueHus. [lox MHOroouaroBbIM CTPYKTYpOOOpa3oBaHHMEM CIEAYyEeT IOHMMAaTh IPOLECC
CaMOIIPOM3BOJILHOI'O BOBHUKHOBEHUS B MaTepHale CTPYKTYpOOOpa3yroIX 04aroB (LEHTPOB), BOKPYT
KOTOPBIX 00pa3ylOTCsl JOKAIM30BAHHBIE CTPYKTYPHI C MHIAMBUAYAJIbHBIM JUISI KaXIOW CTPYKTYPHI
Ka4eCTBEHHBIM U KOJMUYECTBEHHBIM COCTaBaMU. BaxkHOH 3amaueil oGecrieueHus: TpeOyeMbIX CBOWCTB
U3JEIUN U KOHCTPYKLHUH CleqyeT CUMTaTh aHAIM3 MEXaHM3MOB CaMOIPOU3BOJIIBHOTO 00pa30BaHUsI B
HENPEPBIBHON Cpelle BHYTPEHHUX IIOBEPXHOCTEW B BUJE MOP, KAIWUIAPOB U TPELIMH. DTO MO3BOJIUT
OIpeAenuTh (PAKTOPHI YHPABICHUS CONUAAPHBIM MHOXKECTBOM CTPYKTYPHO CBSI3aHHBIX OYaroBBIX
LIEHTPOB B MOJIMCTPYKTYPHBIX MaTepuaiax. [loaTomy 1enbto rccnenoBanuil OblIo IpoaHAIM3UPOBaTh
OCHOBHBIE MEXaHHW3Mbl MHOI'0O0OYAaroBOI'O CTPYKTYpOOOpa3oBaHUS KOMIIO3UIMOHHBIX MAaTepUaloB.
IlpencraBnenue 00 3BOJIOLMM  CTPYKTYpbl  JOJDKHO  BKJIIOYAaTh B ceOs  JUCKPETHbIE
II0CJIE/IOBATEIbHOCTH HEOOPATUMBIX «1aroB-coObITUIY. Kaxplil cienyromui 3Tarn CTpyKTYPHOTO
pa3sBUTHs HAUMHAETCS «OT JOCTUTHYTOIO» M PEaIU3yeTcs IPHU y4acTUU U IIOCPEICTBOM BHYTPEHHHUX
noBepxHocTel paszaena. CTpyKTypHOE 0pOpMIIEHHE HA YPOBHE BSDKYILETO IMPOUCXOIUT B pe3ysbTaTe
B3aUMO/ICHCTBUSL MCXOJHBIX 3€pPEH LIEMEHTa M MPOJYKTOB HOBOHM (ha3bl, YTO BeleT K 0Opa30BaHMIO
pasHOMacIITaOHBIX JAMCKPETHBIX CTPYKTYPHBIX arperaTtoB — KJIACTEPOB. YCIIOBHUS CO3JIaHMSI TaKUX
KJIACTEpOB ONpPENENAOTC KMHETUKOW pa3BUTHUS JIOKAIBHBIX COOCTBEHHBIX Jedopmaiiuii, KoTopble
BO3HHUKAIOT IPH B3aUMOJICHCTBUM TBEPACIOIIEIO MAaTPUYHOIO MaTepuaia ¢ 3alloJIHUTEIsIMUA. B CBOXO
odepeb JIOKaJbHbIe JedopMaiu GopMUPYIOT M (GOPMUPYIOTCS Ha (OHE Pa3BUTHS MHTETPAIBHBIX
nedopmaruii, Xxapakrep pacrnpeieneHusi KOTOPbIX 3aBHUCUT OT T€OMETPUU W3JENUIl U KOHCTPYKLUIL.
ITpu 3TOM peann3yroTcs pa3IndyHble MEXaHW3Mbl MHOIOOYaroBOro CTpyKTYpOOOpa30BaHus, YTO BeJET
K OpraHM3alud MHOTOMEpHOM CTpyKTyphl wu3znenus. Ilpoucxoaur cBoeoOpa3Hoe 0000IIeHEe
HECOUETAaeMbIX 10 Ka4eCTBEHHBIM IPU3HAKaM 3JEMEHTOB B O0bEME MaTepHaja OJHOTO W3JENusl.
JlanpHelMe MpOLECChl SBOMIOLMOHHBIX TMPE0Opa3oBaHUIl CTPYKTYpbl MaTepuana M W3JeTUi
OIPEAEISIOTCS YCIOBUAMH TpaHC(HOpMALMKM BO3HUKIIMX IMOBEPXHOCTEHN pasjerna B MOpbl, KaUUISPb
U TpemuHbl. MHOroo4aroBocTh CTPYKTYpOOOpa30BaHUSI CTPOUTENIBHBIX KOMIIO3UTOB OOECHEUMBaET
pe3epB pa3sHooOpa3us UX CTPYKTYp Ha Pa3IMYHBIX YPOBHSAX HEOJHOPOJHOCTEH. DTHM 3adaroTcs
yCIIOBUS sl OJaronpUATHBIX CTPYKTYPHBIX M3MEHEHHM, UYTO rapaHTUPYeT CTOMKOCTb M3AEIUN MpH
BHEIIIHUX BO3/ICHCTBHUSX.

KiroueBble cj10Ba: KOMIO3UTBI, HOIUCTPYKTYPHOCTh, MHOTOOYAaroBoe CTPYKTypOOOpa3oBaHHUE,
camMOOpraHu3alus, BHyTPEHHNE TIOBEPXHOCTHU pa3zeia.

Crarts Hagidnura qo penakimii 10.03.2020
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