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Abstract: The paper addresses the challenges posed by the digitization of building materials science. It high-
lights the importance of developing a digital model of concrete for optimizing the design and synthesis of its
structure and improving the technology used in its production. It is demonstrated how this model will enable
building experts to better calculate and clarify methods for creating sturdy and efficient structures. The paper al-
so examines the evolution of information modeling of concrete within the context of the various stages of devel-
opment in system-building materials science and technology.

A review is presented of the primary contemporary techniques used in computer modeling of concrete structures
in both domestic and foreign scientific research. It is worth noting that these methods fail to consider the intricate
composition of concrete. The article explains that concrete can be characterized as a conglomerate composite
that boasts a hierarchically organized structure with dimensions ranging from 10-10 to 10-1 meters. It is com-
prised of no fewer than 5-6 distinct scale levels and three distinct types of substructure design. Substructures
vary in scale, origin, and manifestation of properties. The first type of substructure is observed at macro, meso,
and micro scales. It is composed of a two-component structure consisting of a spatially continuous matrix and
deterministically and stochastically distributed discrete inclusions. The second type of substructure pertains to
the sub-micro, ultra-micro, and nanoscale levels. It is believed that the cementing substance takes the form of a
microscale spatial structure resulting from the consolidation of individual crystalline differences. The third type
corresponds to the atomic-molecular structure of newly formed cementing substance.

The characteristics of each substructure type are presented based on the component scale, formation features,
mechanics of property manifestation, design criteria, and means of synthesis. A default assumption is made re-
garding the unique modeling of the three concrete substructure types and their consolidation into a unified digital
model. The objective is to create an information platform for this purpose. The platform should consist of a
knowledge base rooted in theory, an empirical database, a database consisting of analytical, numerical, and sta-
tistical models, algorithms for the purpose of designing and synthesizing structures, optimization criteria and
boundary conditions, and specific terms of reference for computer modeling of concrete.

Keywords: design of structures, synthesis of materials with specified properties,
digitalization of building materials science, digital model of concrete, information platform

NHPOPMAIIMOHHOE MOJAEJIUPOBAHME BETOHA: OB30P
COBPEMEHHOI'O COCTOAHUSA U NEPCIIEKTUBBI

PA3BBUTUA"

A.HU. Makeees

Boponesxckuil rocy1apcTBEHHBIN TEXHUUECKUH YHUBEPCUTET, T. Boponexx, POCCHUA

AnHotanus: [TyOnmkanus oTHocuTes K mpoOieMaM nudpoBHU3aIMN CTPOUTENBHOTO MaTrepuanoseaeHust. IToka-
3aHa aKTyaJIbHOCTh Pa3paboTKy IU(POBOH MOJENN OETOHA /Ui PEIICHNS] ONTUMU3AIMOHHBIX 337ad KOHCTPYH-
POBaHUS U CHHTE3a €ro CTPYKTYPbl, YTOUHEHHUSI METOJIUK PacueTa CTPOUTEIbHBIX KOHCTPYKIUH, COBEPIICHCTBO-
BaHMS TEXHOJIOTHMH MX M3TOTOBJICHUs. AHAIM3UPYETCS 3BOIOIMS HHPOPMAIIMOHHOTO MOJIEIMPOBaHUS OETOHA B
KOHTEKCTE 3TaroB Pa3BUTHUs CHCTEMHO-CTPOUTENIBHOTO MATEPUAIOBEICHUS U TEXHOJIOTHH.

* ComeprkaHue CTaTbU OBUIO YaCTUYHO MojioxkeHo Ha VIII MexmyHapogHOM cuMno3nyMe « AKTyalbHBIC TIPOOIEMBI
KOMITBIOTEPHOTO MOZEIMPOBAHNS KOHCTPYKIMH U coopykeHui», 17-21 mas 2023 r., TamboB
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[TpuBoauTCcst 0630p OCHOBHBIX COBPEMEHHBIX METOJIOB KOMITBIOTEPHOTO MOJICIIUPOBAHMS CTPYKTYpHl O€TOHA B
OTEYECTBEHHBIX M 3apyOeKHBIX HAYYHBIX HcciemoBaHmsaX. OTMedaercsi, 9TO 3TH METOJBI HE YYHUTHIBAIOT BCIO
CJIOKHOCTh CTpOeHHUs1 OeToHa. B crarbe OETOH mpeacTaBieH Kak KOHITIOMEPATHBIH KOMIO3UT C MEPAPXUUECKH
OPTaHW30BAHHOM CTPyKTypoi pasmepHocThio oT 1071° 1o 107! M. Om o6mamaer MuUHAMYM 5-6 MacIITaGHBIMU
YPOBHAMH U TPeMsI TUIIAMH KOHCTPYKLMH HOACTPYKTYP. [IoACTPYKTYpBI OTIIMHAIOTCS IO CBOEMY MacIuTady, re-
HE3HCY M MEXaHUKE MPOSBIICHUS CBOICTB. [IepBBIil THIT MOACTPYKTYPBI XapaKTepeH ISl MaKpo-, Me30- 1 MHUK-
pomacmTabHoOro ypoBHel. [IpuHnmaercs B BuIe JBYXKOMIIOHEHTHOH «KOHCTPYKLMMY U3 HPOCTPAHCTBEHHO He-
NIPEPBHIBHOM MAaTPHIBI U AETEPMHHHPOBAHO-CTOXACTHYECKH PACIPEASIEHHBIX B HEW MUCKPETHBIX BKIIIOYECHHH.
Bropoii THII OTHOCHTCS K CyOMHUKPO-, YJIBTPaMHUKPO- 1 HAaHOMAcIITaOHBIM ypoBHAM. [lonaraercs B BUIe «MUK-
pomacmTabHON MPOCTPaHCTBEHHOW KOHCTPYKIMKY» HOBOOOpAa30BaHMH LIEMEHTHPYIOIIETO BEIIeCTBA M3 KOHCO-
JIUIUPOBAHHBIX WHIUBHIYAIbHBIX KPUCTAUIMYECKUX pasHocTeil. TpeTwid THUI COOTBETCTBYET aTOMHO-
MOJIEKYJIIPHOMY CTPOSHHIO HOBOOOPA30BaHUH [IEMEHTUPYIOLIETO BEIIECTRA.

JlaeTtcst XapaKkTepHCTHKa KaKIO0TO THIA TOACTPYKTYPHI 10: MacIiTady KOMIIOHEHTOB; 0COOCHHOCTSIM ()OPMHUPO-
BaHMS; MEXaHHKE IPOSIBICHHS CBOICTB; KPUTEPUSIM KOHCTPYMPOBAHUS; cpelcTBaM cuHTe3a. dDopmynupyercs
NPEIIION0KEHNE O CIECUPHUYHOCTH MOJCIHPOBAHHS KaXJOr0 M3 TPEX THIIOB IOJACTPYKTYp OCTOHA W MX MHTE-
IPUPOBaHUS B eUHY0 H(poBYyro Moaenb. CTaBuTCA 331a4a pa3paboTki HHHOPMALMOHHON TIaTGOPMBI TaKOi
mozeru. [Tnardopma noymKHa BKIIOYATh: 0a3y TEOPETHYECKHX 3HAHMIT; 6a3y SMIMPUYSCKUX NaHHbIX; Oa3y aHa-
JUTHYECKHX, YUCICHHBIX M CTATUCTUYCCKUX MOJEIICH; arOpuTMbl KOHCTPYUPOBAHUS M CHHTE3a CTPYKTYp; KpH-
TEpPHU ONTHMU3ALMN U TPAHUYHBIEC YCIOBHUS; TEXHUUECKOE 3aJaHIe Ha KOMIIBIOTEPHOE MOZICIUPOBaHNE OETOHA.

KiroueBble ¢cjioBa: KOHCTPYUPOBAHUE CTPYKTYP, CHHTE3 MATCPUAJIOB C 33JaHHBIMH CBOMCTBAMH,
U(pPOBU3AIMS CTPOUTEIIEHOTO MaTepUaIOBEICHHUS, [IM(poBas Mojelb OeTOHA, HHPOPMALIMOHHAS MIaTdopmMa

INTRODUCTION

Currently, the methods of design and calculation
of structures, buildings and facilities rely on
computer modeling of their stress-strain state,
loads and impacts. Information technologies are
used in experimental and field studies [1, 2].

The transition to computer modeling of con-
struction objects, in our opinion, forms a fa-
vorable situation for the involvement of ma-
terial scientists in this process. Their task is
to design optimal structures of concretes with
specified properties. Structure construction is
a speculative, virtual procedure of "filling"
the volume of the designed building structure
that takes into account its configuration, pe-
culiarities of reinforcement, etc., with struc-
tural elements forming the material. The out-
come is the creation of a spatial and geomet-
ric "structure design" capable of maximizing
the use of force structural bonds under the
conditions of destructive impact of the oper-
ating environment on the building structure.
Based on the results of the design, a set of
control actions is assigned during the synthe-
sis of the structure. This is a chemical-
technological procedure for the implementa-

tion of the compiled project of spatial-
geometric "structure design" in the produc-
tion process of a building product [3].

However, the opportunities for interaction and
mutual understanding between specialists in
the calculation of building structures ("me-
chanics") and material scientists have been
limited so far. They were confronted with the
"watershed" between the used concepts,
methods, passing through the scale boundary
of 10" m in the "space and world" of con-
struction science. Objectively, it turned out
that "mechanics" deal with bodies on the scale
of 10" m and larger. The material structure of
such a body (structure) is modeled as a con-
tinuous homogeneous iso-tropic medium with
some averaged "effective" characteristics [4].
The degree of compliance of these characteris-
tics with the real values predetermines the
predictive value of the calculation results. The
potential deviations are compensated by the
assignment of overestimated material reserve
coefficients. Material scientists "work" with
structured solids, which are a complex con-
struction of elements with dimensions from
10" to 107'° meters. In most cases, such a
structure is perceived as a "black box" - an
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experimental-statistical model relevant in a
strictly limited factor space [5].

The lack of adequate models limits the possi-
bilities of designing and subsequent synthesis
of concrete structure with a given level of
quality. It is known that the method of design-
ing concrete mixture composition for concrete
of a given strength was developed in the late
19th century. Nevertheless, the efficiency of
concrete property management is still much
lower than that of metals or polymers. This is
clearly demonstrated by the difference in the
values of the reserve coefficients of the com-
pared materials.

In our opinion, a digital model of concrete can
overcome the "barrier" between mechanics and
material scientists. It should, first, describe iden-
tification universals and qualitative-quantitative
attributes of concrete structure at all its scale
levels. Secondly, it should reveal cause-and-
effect links and relations in the system "technol-
ogy" - "composition, structure, state" - "proper-
ties at the moment of production and unfolded
in time in the operational environment".

The usage of a digital model of concrete in
the design and calculation of building struc-
tures is aimed at clarifying the real pattern of
their stress-strain state [6]. In system-
structural materials science, the numerical
model is intended for the development of
fundamental principles of design and for-
mation of an arsenal of means for synthesiz-
ing optimal concrete structures with prede-
termined characteristics. This model is most
relevant for obtaining variable structures of
new generation concretes (construction com-
posites): super dense, especially high-
strength, ultra-lightweight, ultra-resistant to
the action of the operating environment, etc.
Applied goal of the digital model of concrete is
to solve the problems of optimization design of
concrete composition and structure depending
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on the operating conditions in building struc-
tures. The result of this is the assignment of ra-
tional modes and parameters of manufacturing
of structures. In the future, the digital twin of
concrete (reinforced concrete) structures should
be integrated into BIM-technologies. Here it
will manage the automated manufacturing pro-
cess of the product, and then monitor its condi-
tion during operation with the forecast of resid-
ual resource.

Let us consider the evolution of system-
structural concrete science in the context of
digital approach.

EVOLUTION OF CONCRETE
INFORMATION MODELING

Optimization of the structure and technology
of concrete lies in the context of the system-
wide task of creating a methodology and a
comprehensive quality management system
for industrial products. The development of
solutions for quality management is based on
a quantitative description of the phenomena of
substance and energy transformations in the
procedures of production. The highest form of
such description is an information model of
phenomena, for the creation of which it is
necessary to formalize the transition from the
real sides and relations of the object to their
symbolic designation. In turn, formalization is
feasible only after appropriate identification
(recognition for display in human conscious-
ness [7, 8]).

Academician of RAACS E.M. Chernyshov car-
ried out a retrospective analysis of the "parallel”
chronology of the development of basic scien-
tific knowledge in the field of concrete science
[9] and the stages of development of the meth-
odology of the quantitative approach [10]. Table
1 presents the results of the analysis.
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Table 1. Stages of development of information modeling of concrete
and basic scientific knowledge of concrete science

Stage | Period Content of the stage Personalities, schools
I the first The formation of the paradigm of quantita- | F.A. Denisov, V. Badger,
third of the | tive approach, the emergence and develop- | N.D. Zelinsky, A.A. Kirov,
nineteenth | ment of the science of processes and devic- | V.L. Kirpichov, A.K.
century - es of engineering technologies as a field of | Krupsky, V. Luis, W.
first third of | scientific and applied knowledge [11-13]. McAdams, W. McCabe,
the 20th Introduction of physical and mathematical | D.I. Mendeleev, [.A. Tish-
century analogies; physical analog modeling; mod- | chenko, W. Walker, etc.
eling based on the theory of similarity [14-
16].
Obtaining the first scientific data on the in- | D. Abrams, I.P. Alexandrin,
fluence of technology on concrete proper- A.A. Baikov, N.A. Bele-
ties and processes of its structural formation | lyubsky, N.M. Belyaev, I.
[17-20]. Bolome, O. Graf, N.A.
Zhitkevich, V.A. Kind, 1.G.
Malyuga, E. Freysine, R.
Fere, E.G. Cheliyev, A.R.
Shulyachenko, V.V. Ewald
and etc.
II first third of | Establishment of fundamental principles of | N.A. Belov, A.A. Bog-
the XX cen- | the general theory of systems [21-23]. For- | danov, L. Bertalanfty, W.
tury - mid- | mation of the methodology of system anal- | Ross-Eshby, T. Kotarbinski,
dle of the ysis of engineering and technology objects. | M. Petrovic, A. Espinas, et
XX centu- | Application of mathematical modeling for | al.
ry. solving engineering problems [24].
Identification of regular relations in the sys- | V.V. Mikhailov, N.A. Po-
tem "formulation-technological factors" - pov, B.G. Skramtaev, A.E.
"composition, structure, state, properties" of | Sheikin, V.N. Jung et al.
concrete. The beginning of the formation of
the structural approach in concrete science
[25-28].
I second half | Implementation of the cybernetic approach | Y.P. Adler, P. Ahnazarova,
of the 20th | to systems as an object of control according | N. Wiener, V.A. Voznesen-
century to the "black box" principle [29-31]. Devel- | sky, V.V. Kafarov, R.
opment of probabilistic-statistical methods | Fischer, et al. Kafarov, R.
of active planning and design of experi- Fischer, etc.
ments [32-34]. Application of experi-
mental-statistical models in construction
materials science and technology [35-37].
Development of the foundations of system- | [.N. Akhverdov, Y.M. Ba-
structural building materials science with zhenov, J. Bernal, L.1.
active use of the provisions of natural sci- Bernay, P.I. Bozhenov, S.S.
ence disciplines [38-42]. Qualification of Gordon, I.M. Grushko, A.E.
concrete as a composite material, experi- Desov, G.I. Gorchakov, A.
mental study of its composition and struc- Grudemo, [.A. Ivanov, F.M.
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ture on the basis of new quantitative physi-
cal and chemical methods [43-47]. Devel-
opment of the foundations of the mechanics
of manifestation of structural and functional
properties of concrete [48-51].

Ivanov, J.L. Kalousek, P.G.
Komokhov, D. Conrad, R.
Lermit, F.M. Lee, P.A.
Melnichenko, O.P. Mched-
lov-Petrosyan, T.P. Pauers,
T. Pauers, R. Lermit, F.M.
Lee, P.A. Melnichenko.
Komokhov, D. Conrad, R.
Lermit, F.M. Lee, P.A.
Melnichenko, O.P. Mched-
lov-Petrosyan, T. Powers,
V. Reichel, P.A. Rebinder,
A.L. Rybiev, V.I. Soloma-
tov, M.M. Sychev, H.F.W.
Tay-lor, V.V. Timashev,
A.V. Usherov-Marshak,
M.M. Kholmyansky et al.

vV

Since the
end of the
20th centu-

ry

Mathematical and computational optimiza-
tion problem solving in construction mate-
rials science and technology. Development
of "computer material science" of concrete
on the scientific basis of classical concrete
science [5, 52-54]. Attraction of mathemat-
ical physics models and simulation model-
ing. Validation of neuro-computing applica-
tion in construction materials science [55-
58].

A.A. Askadsky, V.V. Belov,
V.A. Voznesensky, V.A.
Vorobyov, B.V. Gusev, V.I.
Kondrashchenko, E.V.
Korolev, T.V. Lyashenko,
A.S. Ovchinsky, V.P.
Selyaev, S.V. Fedosov et al.

Development of a scientific platform for the
development of breakthrough innovative
solutions in system-structural materials sci-
ence and high technologies of concrete with
a new level of quality. Staging and realiza-
tion of special researches of cause-effect
relations according to the formula "4C" [7,
59-62]. Development and generalization of
provisions of mechanics of concrete proper-
ties manifestation as composites [4, 63-66].
Development of methodology and theory of
design and synthesis of optimal structures
of conglomerate building composites [3, 8,
67, 68].

T.K. Akchurin, O.V. Ar-
tamonova, V.N. Vyrovoy,
A.M. Danilov, V.T.
Erofeev, S.S. Kaprielov,
N.I. Karpenko, D.N. Korot-
kikh, V.S. P. Lesovik, N.I.
Makridin, V.I. Morozov,
A.P. Proshin, Y.V. Pukha-
renko, G.S. Slavcheva, E.M.
Chernyshov, V.1
Shevchenko, V.P. Yartsev et
al.

The stages presented in Table 1 reflect the vec-
tor of movement on the way from phenomeno-
logical (factual, empirical) knowledge to essen-
tial (system-structural, conceptual) knowledge
in materials science of construction composites.
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This movement is accompanied by the evolution
of concepts and methodology of information
modeling of concrete in the form of deepening
and detailing of aspects of identification and
formalization of its structure.
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It follows from Table 1 that the current state of
basic scientific knowledge and information
modeling of concrete can be evaluated as an exit
to digitalization of construction materials sci-
ence and technology. Setting and solving prob-
lems of designing and synthesis of optimal
structures today should be carried out on the ba-
sis of formalization and computer modeling of
cause-and-effect relations in the system "tech-
nology - material - construction - building
(structure) - operating environment". Digitaliza-
tion here should be understood as a transition
from physical, in-situ models (concrete sam-
ples) to work with its mathematical image. Digi-
talization makes it possible to perform control
actions with a virtual object (a digital twin of a
building structure) with the help of a computer.
In this case, the computer is used not so much as
a means of processing information and calcula-
tions, but as a direct "productive force" in ob-
taining the final result.

REVIEW OF CURRENT METHODS FOR
COMPUTER MODELING OF CONCRETE

The goals of digitalization have become achieva-
ble due to the emergence of universal shells and
increasingly powerful algorithmic programming
languages, computational and information re-
sources for applied mathematical modeling. Su-
percomputer technologies and hybrid architecture
computing systems using traditional and advanced
algorithms have become commonplace.

The method of neurocomputing ("machine learn-
ing" in foreign terminology) has received a partic-
ularly rapid development in this respect. Neuro-
computing provides the creation of systems and
algorithms for information processing capable of
autonomously generating adaptive responses of
the "cause-effect" type for a specific information
environment. Neurocomputing is considered as an
alternative to programmed computing due to its
ability to "learn" to process information while act-
ing in an informational environment [55, 69].
Since the 90s of the last century, neural networks
have been used in the development of concrete
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composition selection and property prediction [70-
77]. Unfortunately, and this is noted by the re-
searchers themselves [78], such developments are
reduced to neural network programming of cause-
effect links and relations in the system "formula-
tion-technological factors" - "properties" of con-
crete. Machine learning is carried out on the basis
of empirical data according to the "black box"
principle, without taking into account structural
factors. That is, in their methodological bases and
statements such works lie in the context of the III
stage of evolution of construction material science
and concrete technology (see Table 1). Moreover,
according to Lyashenko [79], machine learning
models are "more passive" than experimental-
statistical models. She argues that the initial data
for them are not generated according to a special
plan, but in an arbitrary way.

A review of foreign sources shows that the most
common method of computer modeling of con-
crete structure today is mesoscale modeling.
According to this method, concrete is consid-
ered as a composite material made of aggregates
of different shapes and sizes included in the ce-
ment matrix. It should be noted that in the do-
mestic materials science terminology, the mac-
roscale level of concrete structure corresponds
to this interpretation.

In most cases, mesoscale modeling is based on
the formation of pseudo-random 3D packing of
particles according to their computer-generated
locations and radii [80, 81]. The nonlinear be-
havior of the simulated structure is investigated
by numerical methods using its finite element
discretization [82], including the use of general-
purpose software such as ANSY'S [83].

It is noted that "classical" mesoscale modeling
often shows significant discrepancy with the re-
sults of physical experiments, as it does not con-
sider microstructural levels of concrete. To refine
the mesoscale models, for example, matrix-
inclusion contact zone modeling is used [84], mi-
crostructure visualization using X-ray computed
tomography [85], machine learning [86], includ-
ing for image analyzer data processing [87].
Computer modeling of atomic and molecular
structure of cement stone neoplasms by molecu-
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lar dynamics methods has become a separate
independent direction of digitalization of build-
ing materials science. These methods combine
quantum-mechanical description of objects and
models of "classical forces" [88-90].

In Russian science, Vorobyov should be consid-
ered as the founder of the calculation of the
composition and prediction of concrete proper-
ties using computer modeling of their structure.
His methods combine the probabilistic-
geometric concept with the theory of percola-
tion and the theory of effective media [91].
Modeling of the structure of building compo-
sites today is carried out on a large scale by the
leading Russian scientific schools [53, 58, 61,
63, 67, 67,92, 93].

DISCUSSION OF THE CURRENT STATE
OF COMPUTER MODELING OF
CONCRETE AND FUTURE PROPOSALS

Despite significant successes, the methods of
computer modeling of concrete listed in the pre-
vious section do not take into account the com-

plexity of the structure of this material. The ap-
plied approaches are differentiated by scale
structural levels and do not provide a holistic
adequate digital model of concrete. In our opin-
ion, these methods require integration on the
basis of modern concepts and data on identifica-
tion and formalization of concrete structure.

Let us characterize concrete as an object of
mathematical modeling. "Concretes are compo-
sites of conglomerate type, which are structured
solids endowed with the features of substance,
multiphase, polystructure, scale multiscale, de-
terministic, stochastic and dialectic" [94]. E.M.
Chernyshov identified these features as univer-
sals of structure [95]. The universals of poly-
structure and scale multilevelness show that,
despite the diversity of concrete varieties, their
structure is a spatial-geometric construction of
characteristic dimensionality from 107'° to 10!
meters. The structure has at least 5-6 structural
levels and three types of substructures in the in-
tegral structure of concrete. Substructures are
distinguished by their scale, genesis and me-
chanics of properties manifestation (Table 2).

Table 2. Characterization of substructures in the polystructure of concrete

Characteristic feature | Substructure type

I
(conglomerate
composite)

(microconstruction)

11 M1
(continuous medium)

Visualization

structural elements, m

"Occupied" levels of | macro-, meso- and | sub-micro-, ultra- | nanoscale and atomic
the holistic structure microscales micro- and nanoscale | molecular
Dimensional range of | 107! - 10-%*> 10745 - 1079 10%- 1010
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Description of the | two-component "Microscale  spatial | solid-phase substance of

structure "construction" of a | construction" of ce- | individual hidden crystal-
spatially continuous | mentitious matter ne- | line or crystalline neo-
matrix and deter- | oplasms from consol- | plasms; solid monophasic
ministically sto- | idated individual | body endowed with im-
chastically distrib- | crystalline and hidden | perfections (defects) in
uted discrete inclu- | crystalline differences | the form of vacancies,
sions; a continuous substitutions, dislocations.
heterogeneous body

Genesis a product of the |a product of the inter- | a product of the evolution
formation of the | action between the | of the "growth system"
"addition system" "addition system" and

the "growth system"

Regularities of | mechanics of | construction thermofluctuation theory,

property mechanics composites "micromechanics" crack mechanics

Design criteria control of the stress | Load bearing capacity | kinetic strength, fracture
field by parameters toughness
of their concentra-
tion and localization

Mechanics and
mechanochemistry
of granular media,
physicochemistry of
dispersed systems

Scientific basis for
synthesis tools

physicochemistry of dispersed systems, theory of
structure of matter, solid state chemistry, crystal
chemistry, nanochemistry

Volume in the compo-

site space, % 100

15-20

6-10

Each of the identified types of substructures has
its own specific formalizations and mathemati-
cal model. The first type is a probabilistic-
geometric model of granular particle packing,
the second type is a finite element model of sto-
chastic structure, the third type is a discrete
model of crystal lattice. To obtain an adequate
numerical model of concrete, the disclosure and
integration of these models is necessary.

In this case, it is most difficult to formalize the
substructure of the second type. It has a pro-
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nounced stochasticity and variability. It is a
structure of morphologically crystalline (or hid-
den crystalline) lamellar, fibrous-needle, etc.
differences of neoplasms. The mathematical
model of the second type of substructure can be
correlated with the corresponding models of
spatial systems of building macroscale struc-
tures (rod, rack-and-beam, shell structures, etc.)
[96]. However, with this approach we will have
to face the problem of determinization of sto-
chastic systems.
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CONCLUSION

In our opinion, the proposed approach to the
development of a digital model of concrete as a
polystructural material requires preliminary cre-
ation of an information platform. Such a plat-
form will include:

1) theoretical knowledge base,

2) empirical data base,

3) base of mathematical and computer models
of concretes and processes occurring in them
during production and operation,

4) algorithms for construction and synthesis of
structures,

5) optimization criteria and boundary condi-
tions,

6) terms of reference for computer simulation.
Generation of the knowledge base in the infor-
mation platform implies a system identification
and formalization of concrete polystructure.
This should result in a system of quantitative
parameters of the structures of each of the three
types of substructures.

These parameters with their estimates and char-
acteristics will be a function (output) in mathe-
matical models of the type "formulation-
technological factors - composition, structure,
state" and "operational factors - composition,
structure, state", and then serve as arguments
(input) in models of the type "composition,
structure, state - properties".

Numerical solution of inverse problems on the
basis of these models is the essence of optimiza-
tion design and technological synthesis of con-
cretes with characteristics specified depending
on the conditions of their operation in building
structures.
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