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Abstract. The article analyses the influence of product geometry on adaptation processes
occurring during the formation of the structure of building composite materials at various stages of their
manufacture and operation. It is shown that the geometric parameters of the product not only determine
the spatial boundaries of the material, but also form its outer surface as an independent structural element
that actively participates in the processes of structure formation. It is through the interaction of the outer
surface with the volume of the material that the redistribution of thermal, mechanical and deformation
influences is realised, which determines the specifics of the distribution of stresses and deformations in
the product, and also influences the formation and development of internal distribution surfaces.

It is demonstrated that changes in product geometry significantly alter stress localization, the
intensity of deformation processes, and the nature of microcrack formation. Active structural
elements, including internal separation surfaces, pores, and microcracks, are considered key
components of adaptive mechanisms, as they ensure stress redistribution and enhance the material’s
ability to adapt to external influences without loss of integrity.

To investigate these processes, a graphical-analytical method is applied, enabling clear
visualization of deformation distribution and identification of stress concentration zones. In addition,
image analysis methods and evaluation of the damage coefficient are used to provide a quantitative
assessment of the level of structural changes and the adaptive capacity of the composite material.

In conclusion, it is established that product geometry, together with technological formation
parameters, significantly determines the material structure and its performance characteristics,
including strength, crack resistance, and durability. Moreover, the obtained results can be used in the
design of building products with complex shapes to predict their behavior under operational loads.
Consideration of geometric factors makes it possible to optimize the composition and structure of
composite materials, increase their reliability, reduce damage levels, and ensure more efficient use of
material resources in the construction industry. This opens prospects for further research and the
implementation of adaptive materials in modern construction and engineering structures.

Keywords: adaptation, cracks, composite, deformations, product shape, structure formation,
surfaces of partition.

Introduction. Ensuring the functionality of products made from composite building materials,
as well as preserving their integrity, is determined by continuous dynamic processes of structure
formation [1, 2]. The material undergoes adaptive changes due to dynamic changes in external
conditions and internal states [3]. Active structural elements, which include internal distribution surfaces,
cracks, as well as local and integral residual (initial, technological, genetic) deformations, selectively
participate in adaptation processes [4]. Active elements that form a single system with other elements of
the material structure can transform against the background of changes in the distribution of residual
deformations. Transformed elements adapt to each other, to their environment and to changes in the
deformed state — unique adaptation processes are implemented. Thus, a change in the parameters of some
elements provokes a certain reaction from others, which ensures the non-stationarity of the structure
formation processes — unique adaptation phenomena as the ability of the system to develop according to
the principle of "from the achieved" in such a way as to preserve its basic properties through adaptive
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transformation. One way to influence the organisation of the material structure is to change the geometric
shape of the product [5, 6]. To ensure one or more properties of products made of building composites,
an unlimited number of structures can be selected. The properties of a material of the same composition
under the same curing conditions vary depending on the design features of the products. One of the
reasons for this change in properties is residual local and integral deformations. Residual deformations
are present in products made of fibre-reinforced composites and are caused by differences in the thermal
expansion (or shrinkage) coefficients of the components of the composite materials [7, 8]. During the
technological period of material formation, the physicochemical processes of mineral binder hydration,
polymerisation and polycondensation reactions of polymeric materials, and the hardening of metals and
other materials are accompanied by volumetric deformations [9, 10]. Volumetric changes should be
considered as aggregate processes with many components that arise and develop in materials of different
nature and purpose during their processing into a product and during the action of operational loads [11].
The locations and nature of residual deformation gradients in terms of magnitude and direction depend
on the geometry of the products, which can initiate the formation of technological cracks and determine
the conditions for the formation of the stress-strain state of the finished product [12, 13]. At the same
time, the material implements processes of structural adaptation to the changes that have occurred to
ensure the integrity and functionality of the product. Targeted changes in the geometry of the product
will minimise deformation gradients, which, in turn, will make it possible to control technological
damage to products and regulate their physical and technical characteristics. The aim of the work is to
investigate the influence of changes in the shape of products on the formation of the structure of materials
as an adaptation process, which will allow further improvement of the characteristics of products by
selecting their geometric configurations.

Analysis of recent studies and publications. In modern materials science research, the
formation of a material's structure is considered to be a process of mutual adaptation of the geometry
of the product and the internal structure of the material under the action of loads and boundary
conditions [14]. It has been shown that the geometric shape of the product significantly affects the
distribution of stresses and strains, as well as the configuration of the internal distribution surfaces
and areas of localised deformation [14, 15].

A number of studies have established that changes in the geometric parameters and curvature of
the sample surfaces lead to a restructuring of the internal structure of the material and affect the nature
of crack initiation and propagation, confirming the adaptive nature of structure formation [15, 16].
Numerical studies using the finite element method demonstrate the possibility of controlling the
localisation of deformations and failure scenarios by optimising the geometry of the product [17].

Thus, modern publications confirm the expediency of considering the formation of material
structure as an integral adaptive process determined by the interaction of product geometry and material
properties. At the same time, the issues of purposeful control of structure through changing the geometric
shapes of the product remain insufficiently studied, which determines the relevance of this research.

Purpose and objectives of the study. The purpose of the study is to determine the influence of
the geometric shape of the product on the formation and adaptation of the mesh of internal distribution
surfaces, the nature of the distribution of deformations and stresses in the material in order to reduce
the probability of destruction and increase the strength and reliability of products.

Research objectives. To investigate the dependence of the distribution of internal stresses and
strains in the material on the geometric shape of the product; to establish the influence of the curvature
of the lines and surfaces of the sample on the configuration and density of the internal distribution surface
mesh; to analyse the nature of crack initiation and propagation under different geometric conditions; to
identify patterns of adaptation of the internal mesh structure to the boundary conditions set by the shape
of the sample; to evaluate the possibilities of controlling this structure by changing the geometry of the
product in order to redistribute stresses and strains and reduce the probability of failure.

Materials and methods. The analysis was performed on cement samples with different
geometric characteristics. The dimensions and shapes of the samples are shown in Fig. 1. Fig. 2 shows
rectangular samples with cracks cut into the finished sample (Fig. 2, a) and cracks formed during the
sample formation process (Fig. 2, b).
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Fig. 1. Types and geometric parameters of models

The distribution of deformations was analysed using a graphical-analytical method, which is
used to study the distribution of shrinkage deformations and shrinkage kinetics when changing the
shape of a sample [17]. The use of the graphical-analytical method facilitates the analysis of
deformations that arise due to the visualisation of their distribution. In addition, the method can be
applied to complex shapes and materials, allowing for the consideration of design features.
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Fig. 2. Types and geometric parameters of models:
a — sample with a sawn crack; b — sample with an embedded crack

Triangular and circular cement samples were also used (Fig. 3), in which, with the help of
tannin, internal distribution surfaces and cracks that arose during the formation of the structure and
adaptation of the material to the shape of the product were detected. Then, using image processing
methods [18, 19] in Scion Image software [17], the structural characteristics of the samples, including
the damage coefficient, were determined.

Research results. The distribution of shrinkage deformations (Fig. 3 and Fig. 4) was obtained
for samples of various shapes and sizes using a graphical-analytical method as a result of analysing
sample models (Fig. 1 and Fig. 2). In the sample that had already gained strength, in Fig. 4, c, cracks
formed, and in the sample in Fig. 4, d, cracks formed at the initial stage of product formation. To
construct deformation diagrams, a cross-section passing through the axis of the model and
perpendicular to its end face was selected for each model (Fig. 3 and Fig. 4).
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Fig. 3. Formation of the distribution of technological deformations in models during the structure
formation process: a — first stage; b — model fragment
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It should be noted that when analysing using the graphical-analytical method, the material is
considered as an isotropic and continuous medium. In this case, a point lying on the boundary interacts
with all points belonging to its own boundary and with all ‘visible’ points on the surface of the sample
and on the boundary with voids [20]. Comparing the diagrams of shrinkage deformation distribution
in Fig. 3 and Fig. 4, it can be noted that the nature of the formation of residual deformations
(technological, initial, and hereditary) significantly depends on the geometric characteristics of the
product samples. The introduction of a coordinate system made it possible to construct the absolute
direction of movement of all points of the models, taking into account their geometric features. The
movements of the points were reduced to a single scale for quantitative evaluation of the results
obtained. In each model, the value of the movement of the point associated with the x-axis was taken
as a unit. The applied methodology allows for a qualitative assessment of the change in the nature of
the distribution of residual deformations with the identification of parameters such as the relative
magnitude of deformations and the direction of their action through the angle o.
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Fig. 4. Formation of the distribution of technological deformations in models during the formation
of the structure: a — formation of the distribution of technological deformations in model no. 1;
b — formation of the distribution of technological deformations in model no. 2; ¢ — formation of the
distribution of technological deformations in model no. 3; d — formation of the distribution of
technological deformations in model no. 4

Each model, depending on its shape, develops an individual distribution pattern of technological
deformations, as can be seen in Fig. 3 and Fig. 4. The configurations of the outer edge of the models
cause the appearance of deformation gradients (Fig. 3, a and Fig. 4). The curvature of the distribution
boundary creates conditions for the concentration of multidirectional deformations at points of maximum
shape change.

Analysis conducted using the graphical-analytical method allows us to conclude that the
formation of the deformation distribution structure of the process is a kinetic process accompanied
by constant changes in the configuration of the internal distribution surfaces. The prerequisites for
the formation of technological cracks and internal distribution surfaces arise in areas of greatest shape
change due to the concentration of multidirectional deformations.

Cement samples with a pronounced structure were used for visual observation of the structure
formation process (Fig. 5). The geometric characteristics of the products were determined using
models of a given shape (Fig. 1 and Fig. 2).

Fig. 5 shows that the distribution of internal surfaces and cracks depends largely on the shape
of the sample, which confirms the results of the analysis of residual deformation distribution in model
samples using the graphical-analytical method.
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Fig. 5. Distribution of internal deformations and cfack;, in samps of different shapes:
a — triangular; b — round sample

It should be noted that one aspect of the formation of composite materials is the formation of
cracks, internal separation surfaces and pores in samples and products. Since products are
characterised, on the one hand, by their individual shape and, on the other hand, by the composition
and structure of the composite, all these factors interact to determine the crack resistance and porosity
of the products and, in this case, the distribution of internal separation surfaces. As shown above,
shrinkage deformations are a factor that significantly determines their formation. Thus, samples of
different shapes made from the same material, and even different areas of the same asymmetrical
sample, have completely different geometric characteristics of the active elements of the structure.

The facts considered can be confirmed by computer processing of images of the samples under
study, the first stage of which is the ‘development’ of the pattern of internal distribution surfaces
surrounding each discrete module. The image was converted to a grey scale, the brightness level was
adjusted using the rolling sphere method, the boundaries were highlighted, and a median filter was
applied. The result is images similar to those shown in Fig. 6.

Fig. 6. The revealed pattern of distribution of internal surfaces and cracks in samples of different
shapes: a — triangular; b — round sample

After dividing the samples according to threshold values, damage coefficients were determined in
local geometrically heterogeneous areas with significantly different shrinkage deformation models
resulting from the geometric heterogeneity of the studied areas. Thus, for the triangular sample (Fig. 6, a),
the parts containing the apex of the triangle (Fig. 7, a) and the base (Fig. 7, b) were studied separately,
and for the circular sample (Fig. 6, b), the central (Fig. 7, c) and peripheral parts (Fig. 7, d) were studied
separately.
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Fig. 7. Examined images of local areas of original samples with different crack distributions and
internal distribution surfaces: a — apex of the triangle; b — base of the triangle; ¢ — centre of the
circular sample; d — periphery of the circular sample

The damage coefficient was estimated using the cumulative polygon method. For the analysed
fragments on a black background (Fig. 7), histograms were constructed, and then cumulative
polygons were constructed on their basis, which visually correspond to some curves. An example of
construction for the extreme left fragment (Fig. 7, a) is shown in Fig. 8.
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Fig. 8. Illustration of the image processing stage using the cumulative polygon method

On the curve corresponding to the polygon, the point of greatest curvature was determined, as well
as the maximum number of pixels corresponding to the projection area of the sample under study. In the
work under consideration, the determination of inflection points was carried out visually, but if necessary,
it can be performed by constructing a curvature graph. It should be noted that the light lines correspond
to the boundaries of the cross-section. Then the damage coefficient can be estimated using formula (1):

K = Nmax—Nporders
K= Nmax > (1)

where Nmax — 1s the maximum number of pixels of the object under study; Nborders — 1s the number
of pixels at the point of maximum curvature.
The following data were obtained using the method described above (Table 1).

Table 1 — Assessment of the damage coefficient for different sections of triangular and circular samples

Sample under investigation Nmax | Nborders K
Base of the triangle (Fig. 6, a) 336117 | 260867 | 0,22388
Vertex of the triangle (Fig. 6, b) 102091 | 60000 | 0,412289

Centre of the circular sample (Fig. 6, ¢) 198901 | 136565 | 0,313402
Periphery of the circular sample (Fig. 6,d) | 324858 | 165940 | 0,489192

The information in Table 1 clearly demonstrates that the damage coefficient varies in areas of
products with different shapes. It is particularly high in areas where structure formation occurs under
restricted conditions, such as wall effects and high curvature values. This highlights the importance of
systematically considering factors such as material structure, composition and product geometry.
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Deformations from shrinkage, especially in areas of unevenness, create a "canvas" for the formation of
internal distribution surfaces and cracks.

It should also be noted that the nature of the distribution of internal separation surfaces and cracks
in the samples in Fig. 5 shows that structural blocks are formed in a continuous material environment.
Internal separation surfaces initiate the appearance of discrete structures, and the material adapts to
changes occurring in the system through these surfaces. The shape and configuration of these structural
blocks, which are determined by the grid of internal distribution surfaces and cracks formed as a result
of'the structure formation processes, vary depending on the location of the material section in the sample.

The results obtained allow us to form an idea of the structure of the material as an open, dynamic
system capable of self-regulation under conditions of changing external and internal factors. The
formation of an internal network of distribution surfaces is not a random process, but represents a
regular response of the material to the non-stationary nature of shrinkage deformations that occur in
areas with different geometric parameters. Complex-shaped products create a variety of conditions
for the development of deformations: from local ‘stress nodes’ to areas of tension and compression
that form around curved or sharply changing surface areas. In such cases, active structural elements
— internal distribution surfaces, microcracks, and pores — not only arise in response to external
influences, but also become elements of adaptation, acting as stress redistribution mechanisms.

Analysis of the development of internal distribution surfaces in triangular and circular samples
showed that, under other equal conditions, it is the geometric shape that determines the configuration of
structural blocks formed in the material during solidification. In areas with high deformation gradients,
such as vertices, curved sections, or areas with significant abrupt thickness transitions, the processes of
distribution surface development intensify. This indicates that the structure of the material is formed
under the influence of local conditions that are unique to a specific fragment of the product. Thus, a
material with the same composition but different product geometry will have different structural
characteristics, different porosity configurations and different levels of resistance to destruction.

The interaction between the processes of structure formation and residual deformations requires
special attention. Residual local and integral deformations, which arise as a result of shrinkage
gradients and temperature effects, act as drivers of structural adaptation. They create conditions for
the emergence of zones of potential destruction, but at the same time initiate adaptive changes that
contribute to the stabilisation of the system. That is why in asymmetrical samples with complex
shapes, structural blocks with high variability of active elements arise — this segmentation is the result
of the system's natural response to deformation challenges that change in space.

The information in Table 1 confirms that the damage coefficient is a sensitive indicator of local
material adaptation. In areas with high curvature or near sharp corners, the damage coefficient is
almost twice as high as in parts of samples with calmer geometry. This indicates that the formation
of the composite material structure can be considered as the result of competitive interaction between
deformation force fields and geometric constraints. Adaptive structure transformation processes
perform a compensatory function, redistributing deformation energy through the formation of internal
distribution surfaces, microcracks and pores.

It should be emphasised that the adaptation mechanisms described above apply not only to
cement composites, but also to a wide range of composite materials, including polymer, complex and
hybrid materials. In these materials, residual deformations may be of a different nature — thermal,
polymerisation, phase — but the general patterns of formation of active structural elements remain
similar. Thus, the geometry of a product can be considered not simply as a final design parameter, but
as a tool for controlling structure formation in the early stages of material formation.

Thus, the development and arrangement of internal distribution surfaces should be considered
as an adaptive response of the system to changes in external and internal conditions. The ability of a
material to adapt in this way determines its durability, resistance to destruction, and effectiveness in
difficult operating conditions. The results obtained confirm that modelling the geometric
characteristics of products allows for targeted influence on the final structure of the composite
material, optimising its properties and reducing the risk of critical defects. This opens up the
possibility of creating structures with predictable behaviour and high reliability through the rational

ISSN 2786-6696 Modern construction and architecture, 2026, no. 16, page 75-83

81



82

BUILDING MATERIALS AND TECHNIQUES

selection of the product shape at the design stage.

Conclusion. The geometric shape of the product determines the distribution of deformation in
the material, as well as the configuration of the mesh of internal distribution surfaces and the nature
of crack propagation. Changes in the geometry of the samples affect the nature of this mesh, especially
near lines and surfaces of significant curvature. Controlling the structure of this mesh by changing
the geometric shapes of the product is one way to redistribute internal stresses and deformations, and
thus reduce the likelihood of failure. Since the geometric characteristics of the considered mesh adapt
to the boundary conditions, which is macroscopically expressed in the form of the sample's edges,
the analysed integral process of structure formation is an adaptive property of the product as a system.
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BILIVMB TEOMETPUYHOI ®OPMHU BUPOBY HA ®OPMYBAHHS TA AJTAIITAIIIIO
CITKHM BHYTPIIIHIX IIOBEPXOHb PO3IIOALTY

3enuenko [I.A., acriipanTka,
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Ooecvka depoicasna akademisn OyOiHUYMBA MA apXimeKmypu
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AHoTamisi. Y cTaTTi MpoaHaIi30BaHO BIUIUB TeoMeTpii BUpoOy Ha amanTailiiHi MpOIECH, 10
BiZIOyBatOThCA MiJ] Yac (OpPMyBaHHS CTPYKTYypH OyIiBeIbHUX KOMIO3UIIMHUX MarepialliB Ha Pi3HUX
eTamax ix BUTOTOBJICHHS Ta eKcIutyarauii. [loka3aHo, 1o reoMeTpuyHi napamMeTpy BUpoOy BU3HAYAOTh
HE JIMIIE TPOCTOPOBI MeXi Marepiaiy, a (OpMYIOTh HOTO 30BHILIHIO TOBEPXHIO SIK CaMOCTIHHHN
CTPYKTYpHHMI €JIeMEHT, sIKMi Oepe akTHBHY ydyacTh y IIpoliecax CTPyKTypoyTBopeHHs. Came uepe3
B32€EMOJIII0 30BHIIIHBOI TMOBEPXHI 3 00’€MOM Marepialy peaji3yeTbCsl Mepepo3MOisl TEIUIOBHX,
MEXaHIYHHX 1 1epopMaliiiHuX BIUTUBIB, 1110 3yMOBJIIOE CIICIIM(IKY PO3IOILTY HapyKeHb 1 nedopmartiit
y BUPOOi, a TAKOXK BIUIMBAE HA 3apPOKCHHS Ta PO3BUTOK BHYTPIIITHIX IIOBEPXOHb PO3MOALTY.

JloBeneHo, 1110 3MiHa reoMeTpii BUPOOy ICTOTHO 3MIHIOE JIOKAJII3allit0 HapyKeHb, IHTCHCUBHICTh
nedopmaliiiHuX TpoLECiB Ta XapakTep YTBOPEHHS MIKPOTPIIIMH. AKTUBHI €JIEMEHTH CTPYKTYpH,
30KpeMa BHYTPIIIHI HOBEPXHI PO3NOALTY, HOPH Ta MIKPOTPILLIMHHU, PO3MISIAIOTHCS K KITFOYOBI CKJIaJ10B1
ajanTalifHuX MEXaHi3MiB, OCKUIBKM caMe BOHH 3a0e3MeuyroTh Mepepo3NoAll HalpyXeHb 1
M1ABUIYIOTh 3/1aTHICTh Marepiady MPUCTOCOBYBATUCS 10 30BHIIIHIX BIUTUBIB O€3 BTpaTH L1TICHOCTI.

Jis mocnipkeHHsT MUX MPOLECiB 3aCTOCOBAHO Tpad)OoaHaTITUYHUNA METOJ, SKUN JI03BOJISE
HAOYHO Bi3yaJsi3yBaTH po3MOALI AeopmMalliil 1 BUSBISATH 30HU KOHIEHTpallli Hanpy>keHb. JlogaTkoBo
BUKOPHCTAaHO METOAM aHajiily 300pakeHb Ta OLIHKM Koe(ilieHTa TMOMIKOPKEHOCTI, IO
3a0e3MevyoTh KUIbKICHY XapaKTepUCTUKY PIBHS CTPYKTYpHUX 3MIH 1 aJalTUBHUX MOXJIMBOCTEH
KOMITO3UIIIHHOTO MaTepiany.

VY mifcyMKy BCTaHOBIIEHO, L0 T€OMETpis BUpPOOy MOps[ 13 TEXHOJOTIYHMMH MapaMeTpamMu
(opMyBaHHsS iICTOTHO BHM3Ha4a€e CTPYKTypy Marepiajlly Ta HOro eKciulyaTaliiHi XapaKTepUCTHUKH,
30KpeMa MILHICTb, TPIIIMHOCTINKICTh 1 JOBroBiuHicTh. KpiM TOro, oTpuMani pe3ynbTaTH MOXYTb
OyTH BUKOPHCTaHI NPH MPOEKTYBaHHI Oy/IiBEIbHUX BUPOOIB CKIIaJAHOI (POPMU JJIsl TPOrHO3YBAHHS 1X
MOBE/IIHKM B YMOBaX €KCIUTyaTal[ifHMX HaBaHTaXEHb. YpaXyBaHHS T€OMETPHUUYHUX (aKTOpIiB Jae
3MOTy ONTHMI3YyBaTu CKJAJ 1 CTPYKTYpY KOMIIO3MIIIHHHMX MarepiajiB, MiJBUIIUTH iX HaIiHHICTb,
3MEHIIUTH PIBEHb MOIIKOIKEHOCTI Ta 3a0e3MeunTy OUIbII €()eKTUBHE BUKOPUCTAHHS MaTepialbHUX
pecypciB y OymiBenbHii ramysi. lle BigkpuBae MEepCHEKTHBU A TMOAANBIIMX JOCIIHKEHb 1
BIIPOBAKEHHSI aJalTUBHUX MaTepiaiiB y CydacHOMY Oy/liBHMIITBI Ta 1HKEHEPHUX KOHCTPYKIIISX.

KuarouoBi ciioBa: ajnanraiis, TpiIIMHU, KOMITO3UT, Aedopmartii, popma BupoOy, popMyBaHHs
CTPYKTYpH, TIOBEPXHI PO3IIOILITY.
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