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Abstract. The research deals with the main directions of the Reinforced Concrete Theory
current improvement on the basis of its incisive analysis. As leading direction in solving such a
problem, the modern, well known deformational analytic model is examined. It is implemented on
the base of complete experimental diagrams of deformation of different structural materials. The
offered methods for improvement of such model suggest the creation and use of the transformed
diagrams of deformation of concrete, reinforced elements as well as those structural elements on
their basis. The modelling of these diagrams is envisaged on the basis of experimental dependences
of complete diagrams for deformation of construction materials taking into account the influence on
them of different physical, technological, dynamic and other factors. The general view of the said
diagram will be realized by two its branches — ascending and descending, designed by different
parametric (key) points. The special interest on the modern stage in development of deformational
analytic model presents the design of descending branch of complete diagram on the state of
construction material that is recorded by different parametric points.

One of the main tasks in designing of such points is standardization of experimental methods
in determining the critical values of relative power deformations in the top of a diagram, that
correspond to the limit straining of construction material, that does not exceed the board of its
durability at a compression. The descending branch of complete diagrams must be designed on
condition that the deformation of concrete became consistently waning. The transitional point of
this state in sustained and increasing deformation it to be considered as destruction start of material
at intensively increasing destructive transformations of its structure. The straining of constructional
material on such on-loading area of diagram can diminish to the level of postcritical values, beyond
the durability range of stability at a compression, and to correspond to relative deformations in the
limit state. Further reduction in tension to the concrete is representative at its dynamic deformation
in terms of more intensive development of destructive transformations. Thus the level of relative
deformations can increase to the maximally possible values, beyond which a concrete, as structural
material, stops to comply with the necessary operating qualities.

The long-term experience in initiation, perfection and development of theory of the reinforced
concrete, as well as implementation of its modern deformational model of calculation show that
there is a number of important vital problems which need to be examined and solved for today.
Such problems in the outlined aspect are to be examined in two directions of researches. The first is
an improvement of methodology of tests and standardization of methods in obtaining the complete
experimental diagrams of the state and their parametrical points which allow to design dependence
ob — & (straining — deformation) with high authenticity by the analytical function for its
implementation at the calculations of different structural elements; the second is an improvement of
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deformational calculation model with help of the transformed diagrams of deformation, as well as
more precise definition of some pre-conditions and positions accepted in different existent standards
for the calculation of concrete and reinforce-concrete constructions. The essence in solving of the
above-said pressing issues set forth in this research.

Keywords: concrete, reinforced concrete, reinforcement structures, strength, deformability,
transformed diagram.

Problem definition and analysis of existing solutions. The main method for calculation of
concrete and reinforced concrete structures is nowadays the deformational analytic model; it is
adopted in most regulatory documents of various countries. In the context of the implementation of
the program of transition to the Euro codes, such a model is accepted as the main method of the
theory in calculation of concrete and reinforced concrete in Ukraine [1]. The implementation of this
analytic model is carried out according to the well-known procedure of the classical method for
calculating concrete and reinforced concrete structures. In this case, complete diagrams of
deformation of concrete and reinforcement are used, covering both elastic and inelastic work of
materials.

The stage of development and improvement of the deformational analytic model, which is
implemented in various regulatory documents, should certainly be considered as the next
progressive step towards the improvement and implementation of the further regulatory framework
in the theory of reinforced concrete. However, a critical analysis of the existing provisions in
creation and development of such a theory justifies the need for its improvement on the basis of a
deformational analytic model, implemented using complete experimental deformational (state)
diagrams of concrete.

Analysis of recent research. As evidenced by numerous studies by various authors [2], the
creation of a modern analytic model for assessing the strength and deformation properties of
concrete and reinforced concrete should be based on the method of reliable analysis of nonlinear
deformation and stress conditions of materials. At present, the interest of researchers is noticeably
increased and they are extensively studying the possibility of creating a deformational analytic
model of the force resistance and deformation of concrete and reinforced concrete based on
complete real diagrams in deformation of materials. This model allows a new approach to the
assessment of the strength and deformational characteristics of various structural materials.

Among the most important problems in the theory of calculating the strength and
deformability of concrete and reinforced concrete elements the fundamental one is the study of
deformations, taking into account nonlinear analysis and destructive processes occurring at different
loading levels, including the stage close to destruction. A significant amount of research carried out
in this field of inquiry, the accumulated experience in the design and operation of structures
determine the need and the possibility of creating a new, systematic definition and solution of
problems in the theory of reinforced concrete.

Such problems can be solved by means of analytic models for concrete, reinforced concrete,
and similar reinforced structural elements under different force actions: central and eccentric (at any
eccentricities) compression and bending — the equations of mechanical condition [3, 4], which
constitutes the basis of modern modelling of strength resistance into various structural materials.
This equation makes it possible to obtain more reliable results in comparison with the calculating
methods used in practice. An important advantage of this approach is that it eliminates the need to
apply a number of empirical dependencies used in various normative methods.

The currently used deformational model of calculation, which is applied in various regulatory
documents, allows the calculation of the most common types of reinforced concrete structures
according to a simplified schematic. At the same time, on the basis of the deformational analytic
model that exists today, numerous developments have been created to calculate the strength of
various structural elements under the action of various types of forces. At the same time, it should
be noted that developments in this area have not yet reached the required level so that they can be
adopted as normative calculation methods. Therefore, such calculations, adopted as various
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regulatory documents, are implemented with a number of additions and improvements that would
allow a more universal approach to the calculation.

One reason for eliminating the noted shortcomings and for improving the deformational
analytic model of concrete and reinforced concrete that exists today can be considered the study and
implementation of various transformed diagrams of various structural materials state. Such
diagrams are modelled on the basis of experimental dependences of the parameters of the
corresponding structural material o, — en (Stresses — deformations), taking into account the
influence of various physical, technological, strain and other factors.

The purpose of the research. To perform a critical analysis of nonlinear deformational
models for assessing the strength and deformability of concrete, reinforcement, and similar
reinforced structural elements, highlighting the positive and negative aspects of such models. On
the basis of a comparative analysis, to outline and implement methods for improving various
deformational calculation models, both for the upgrading the methods in obtaining complete
experimental deformation diagrams, and for modelling various transformed deformational diagrams
of various structural elements.

Research technique. From a large number of classifications in research methods, those were
selected that allow obtaining good convergence of the accepted abstract models, assumptions and
calculation results obtained on their basis — with the data obtained from empirical studies. At the
same time, the task was to achieve reliable data on the said results of studies of the strength and
deformability of structural materials.

Research results. The build-up of a generalized analytical dependence op, — &, between
stresses and deformations of concrete is one of the key problems in the theory of reinforced
concrete, which is also of multifaceted scientific and practical interest [5]. This dependence makes
it possible to objectively assess the stress-strain condition of concrete and reinforced concrete,
uniformly and inhomogeneously deformed sections of structural elements at different loading
levels, including the limit one. That said, it becomes possible to take into account the nonlinearity
of the deformation of concrete and reinforcement, which most closely corresponds to the physical
essence of assessing the force resistance to deformation and destruction of such materials.

Considering the complete deformational diagram as a generalized dependence oy, — &, it can
be described as a result of the approximation of the corresponding experimental diagrams obtained
during tests with a controlled (artificially or naturally) deformation mode. In well-known published
works [6] such dependences are modelled by many authors in the form of two parts: ascending and
descending (Fig. 1). There is a significant amount of experimental data that make it possible to
fairly reliably simulate the ascending branch of such a diagram, but the situation with the
representation of its descending part is somewhat more complicated [7].
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Fig. 1. The complete diagram of concrete deformation oy, — &y, represented by its main components:
0 ... 1 —linear section; 1 ... 2 — section of elastoplastic deformations; 2 ... 3 — descending section of
overcritical deformations; 3 ... 4 — descending section of maximum allowable deformations & jim
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As for the representation of this dependence in the ascending section, at present, a fairly
extensive experimental data has been accumulated, and there are also separate theoretical
generalizations that make it possible to fairly simulate this part of the diagram. In this case, one can
proceed from the following reliably established facts. Deformation of concrete, which has a
heterogeneous structure with numerous defects, is accompanied by destructive processes that
contribute to the development of existing defects, as well as the appearance and development of
new structural damages. Such processes start at relatively low levels of concrete stresses and they
further progress as their level rises, up to the limit state [8, 9, 10].

Thus, in the ascending section, the o, — &, diagram can be represented by intermediate critical
points characterizing the level of stresses and the level of destructive processes in the structure of
concrete, associated with its level of loading. Intermediate critical points 1 and 2 (there can be a lot
of them) are shown in the diagram (Fig. 1). There are certain difficulties in simulating the
descending section. One of them is the inconsistency of some data on the deformability of concrete,
obtained in the experiments of different authors [11]. There are also different interpretations of the
concepts and physical essence of some parametric points of this part of the diagram [12], in
particular, the concept of "limiting deformation™.

Considering the descending section of the o, — &, diagram, several critical values of the
deformability of concrete should be distinguished. One of these values at the onset of the descending
section gr — the ultimate compressibility of concrete, which corresponds to the achievement of its
strength Ry. It should be noted that this is the common point of the ascending and descending parts of
the diagram or the top of the o, — &, curve. There are different empirical forms of approximation of the
parameter gy, Which provides close magnitudes of this value, depending on the strength, the nature of
concrete, the rate of its deformation, the duration of the load, etc. [13, 14,]. The end point of the
complete o, — &, diagram can be fixed by different parameters depending on the type of such diagram
and its purpose [15, 7].

The concrete stress in this section of the diagram can decrease to the level of supercritical
values on, < Ry, corresponding to deformations in the limiting state e,,. A further decrease in
concrete stresses (under deformations &, > &p,) IS characterized by its deformation on the condition
of more intensive development of destructive transformations. In this case, the level of
deformations &, can increase to the maximum possible values &, im [16], beyond which concrete, as
a material, ceases to meet the necessary performance characteristics, such as water absorption,
associated frost resistance, anti-corrosion protective properties, etc.

The effect of reinforcement on the deformability of concrete with a sufficiently large amount
of it (percentage of reinforcement) can be very significant and take place at different loading levels,
including the limiting one. At the same time occurs the relaxation of stresses and their redistribution
onto the reinforcement, which is more efficiently engaged in the work with further considerable
increase of stresses. Effecting in this way the work of concrete, the reinforcement can significantly
reduce the rate of its deformation and significantly increase the deformability of the reinforced
section. Such regularities of deformation have been reliably established by practical considerations
in many studies. At the same time, a significant number of experiments have been carried out; the
empirical dependences are proposed to assess the deformability of sections depending on the ratio
of reinforcement and some other parameters.

The essence of various problems also lies in the fact that the transformation of the
dependences o, — & is carried out in most cases by unreasonable limitation of the descending branch
by some average statistical value of the limit deformation and reduced strength of concrete at the
end of the complete diagram. At the same time, some authors also unreasonably consider as
acceptable the premise of a decrease in the limit deformations of concrete with the increase in its
durability; and such deformation is considered as a certain constant of the material. If we judge by
the reliable, experimentally established fact, according to which the nature of the descending
branch, in particular its length, is in large part depending on the rate of deformation, then it is easy
to substantiate the following. Changing the deformation rate for the exactly similar concretes, we
can get different limit deformability at the end of the oy, — &, diagram.
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Thus, it becomes necessary to restrict the complete transformed diagram by some critical
deformation which corresponds to the limiting state of the element, which would limit the area of
stable deformation of the o, — &, dependence. Only such a transformed diagram can be used to
simulate the stress-strain state of inhomogeneously compressed concrete and uniformly compressed
reinforced concrete elements, acting as a general equation of the mechanical state of concrete and
reinforced concrete. One of the problems solved in this research is the creation of a model of such a
transformed diagram.

In what follows, we mean two varieties of complete deformational diagrams o, — . The first,
the reference, were obtained when testing reference specimens under reference test mode for a
uniformly deformed concrete section; the second, the transformed, were obtained by transforming
the corresponding parametric points of the reference diagram for the given initial parameters of the
structural element. Such transformed diagrams are designed to simulate the nature of deformation of
any other bar elements and any other type of deformation that differs from the reference one. A
distinctive feature of the transformed diagrams is the fact that the deformations ey at the peak of the
o — & curve may not be critical. For such diagrams the critical are the deformations &y,, which fix
on the complete transformed diagram the end point of stable deformation, as well as the limiting
state of the section, while limiting the descending branch of such a diagram by the parametric point
epu > epr and the corresponding ultimate strength of concrete Ry, < Rp.

The researchers show an increased interest in the study of the complete transformed o, — &
diagram for a rather long time. At the same time, a significant amount of experimental material has
been accumulated that allows an approximate description of such a diagram, and it is already
implemented nowadays in various design standards in some countries. However, as noted Mr.
Gvozdev A.A. and Mr. Baikov V.N., the data, given in these sources, are not enough for specific
calculations. A number of issues related to the build-up of physical and analytical model of such a
transformed diagram require clarification and additional research.

The transformed diagram of the concrete deformation in the descending section can be fixed
by parametric points, corresponding to the e,r deformation and the aforementioned critical &y, as
well as by the law of change in the residual strength of concrete Ry, corresponding to the
deformation &,,. For different cases, the values of such a critical deformation at the end of the
diagram can vary within significant limits and are determined by a combination of a number of
factors: the nature of the stress-strain state, the physical and mechanical characteristics of sections
of concrete and reinforcement.

Within uniform (axial) compression of concrete sections, with the achievement of g,
deformation, corresponding to stresses Ry, a further increase in the uniform deformations of concrete
over the entire section will lead to decrease in the stresses in it, and hence the load bearing ability.
Consequently, for such cases, the critical deformations of the section, that fix its limiting state, are
determined by the equality ar = &,. For uniformly compressed reinforced concrete, as well as for
heterogeneously compressed concrete and reinforced concrete sections, in which reinforcement with
critical deformations &,>axr, is used, the following conditions must be met: ar < &u < & ma (here ey is
the critical deformation of the reinforcement, corresponding to its limiting state).

At above-average levels of loading onto such elements, stress redistributions in sections are
observed: in non-uniformly compressed concrete — from more deformed to less deformed fibers of
the section; in reinforced concrete, uniformly and inhomogeneously compressed — also from
concrete to reinforcement. The maximum values o, = R, of inhomogeneous plot of concrete
stresses, in the process of deformation, will shift from the extreme, most deformed fibers,
depthward of the inhomogeneously compressed section, approaching the neutral axis. Such fibers
will operate according to the law of the descending branch of the o, — &, curve, while undergoing
significant deformations, accompanied by destructive transformations of the concrete structure, up
to destruction.
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It should be assumed for a uniformly compressed reinforced concrete section, that in all
uniformly deformed concrete fibers the stresses can reach maximum values R, and the
reinforcement may not be fully used. With a further increase of the load, the stresses in the
reinforcement of such sections can increase; in the concrete operating according to the law of the
descending branch of the o, — &, diagram, they can slightly decrease. The limiting state of such a
uniformly deformed section occurs upon reaching the critical deformation of concrete g, and
stresses in the section, corresponding to its residual strength Rp,.

Definition of the concept of “critical deformation”. For a long time, using the term "limit
deformation” in scientific sources, different authors put different concepts into it. In some cases, it
means the ultimate compressibility of concrete under axial compression; in others, it means the
deformation of the edge fiber of an inhomogeneously deformed section; and sometimes this term
means the greatest deformation, recorded at the end of tests at the stage preceding destruction. All these
concepts have been widely used and are still used in the theory of reinforced concrete to this day. For
some authors common for all these definitions is the fact that all the meanings of the named limit
deformations are considered as some constants of the material that determine its deformability when
the strength become exhausted.

In fact, all of the above deformations, immediately preceding destruction, for the same
concrete can change significantly under the influence of a number of conditions. Thus, if we set the
problem of finding the limiting deformations as some constant of the material, which is implied in
some scientific sources, — such a statement will not be correct. It should also be noted that the use of
a uniform term "limiting deformation” for all of the above cases is far from always justified.

To identify the objective laws of concrete deformation, it is necessary to use the concept of
“"critical deformation™; upon reaching it there will be a qualitative leap or the transition of
quantitative changes in the accumulation of deformations and structural changes into qualitative
ones. This refers to the change in the structure of concrete during force deformation, investigated by
Mr.Berg O.Y. Such critical values of deformations, determining the level of stresses and the level of
destructive changes in the material, associated with the level of loading and the level of force
deformation, will determine the strength as well as the performance of concrete.

Calculation of critical deformations. The values of such deformations will be found based on
the nature of the complete diagram of concrete deformation, taking into account the descending
branch (Fig. 1), where these values (points 1 ... 4) are presented as general functions and act as
some parametric points, generalizing the results of different experiments and fixing the descending
branch of the complete deformational diagram. Such a diagram can be transformed by establishing
the values of such functions for any accepted initial parameters of a concrete and reinforced
concrete element, any loading conditions; and present a complete transformed diagram for use in
theoretical studies, numerical experiments and engineering calculations. The degree of reliability of
the study and description, the allowances made for the influence of the variety of various factors
that determine the parametric points of the transformed diagrams, will determine the reliability of
such a deformational diagram.

In many research works, various authors present conflicting points of view regarding the
determination of this value, emphasizing the importance of studies of the ultimate compressibility
of concrete under axial compression and considering its dependence on the strength of concrete.
The essence of these contradictions lies, for example, in the fact that, according to some &
increases with increasing concrete strength, while others, on the contrary, believe that it decreases.
As you know, such conflicting judgments have existed for quite a long time.

However, there are other points of view on these issues, for example, [17] and others, where it
is recommended to find deformations at the top of the curve depending on the strength of concrete.
It is also assumed that other factors can have a very significant effect on the value of &,r: the type of
concrete, its composition, process conditions, as well as the loading mode, which should be taken
into account when determining this value. In this regard, large-scale studies should be carried out,
the purpose of which is to reliably establish the influence of various factors on the key parameters
of the complete deformational diagrams of structural materials.
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Conclusions:

1. Considering various aspects of the improvement and development of a nonlinear
deformational model of calculation, it can be argued that it is the most general, corresponding to the
real operating conditions of structures, accurate and promising in comparison with other methods of
calculation used today.

2. Such a model allows one to abandon a number of empirical dependencies; it also
objectively simulates and evaluates the stress-strain state of various structural elements, which will
ultimately contribute to the possibility of calculating and designing of buildings and structures more
reliably and economically.

3. The existing experience of creating and improving the deformational model of calculation,
based on complete deformation diagrams, shows that in this direction it is necessary to solve a
number of important problems, such as:

— improvement and standardization of research methods relating to complete experimental
diagrams of concrete state, which allow to reliably simulate the dependence oy, — &, by an analytical
function for its implementation in the calculations of various elements of building structures;

— improvement of the analytic deformational model, based on transformed diagrams of the
state of concrete, reinforcement and various other composite elements of reinforcement of
structures, taking into account various physical, mechanical and other factors that are not reflected
in previously known analytic models;

— clarification of some of the prerequisites adopted in various existing norms for the
calculation of concrete and reinforced concrete structures; first of all, we mean the essence and
definition of key parametric points of the ascending and descending branches of diagrams
simulating the analytical o, — &, dependences.

4. The noted lines of research are closely related to each other, and their implementation as a
single set can become the basis for further improvement of the theory of reinforced concrete, which
should be based on an experimental basis and reliably simulate the stress-strain state, strength and
reliability of various structural elements of buildings and structures.
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AHoTanisg. Ha OCHOBI KpPUTHYHOTO aHallizy pPO3BUTKY TeOpii 3ami300€TOHYy BH3HAYEHO
rOJIOBHI HampsMU ii Cy4yacHOrO YJOCKOHaJeHHS. SIK NpOBIAHMI HampsM BHUPIMIEHHS TaKoi
poOJIeMH pO3TIISIA€ThCs JOCUTh BiJloMa Ha CbOTO/IHI JedopmaliiiiHa po3paxyHKoBa Mojieb. Bona
peanidyeTbcsi Ha 0a3l MOBHUX  E€KCIIEPUMEHTAJIbHUX Jiarpam  J1e(pOopMyBaHHS  PI3HUX
KOHCTPYKTUBHUX MaTepiaiiB. 3alpolOHOBAHO CHOCOOM TMOJIMIIEHHS Takoi MOJENl IMUISIXOM
CTBOpPEHHS 1 BUKOPHUCTaHHSI TpaHCGOPMOBAHUX JiarpaM JedhopMyBaHHS OETOHHHMX, apMOBAaHHUX, a
TAKO’)K Ha iX OCHOBI IOCHUJIEHMX KOHCTPYKTHBHHX €JEeMEHTIB. MojentoBaHHd LUX Jiarpam
nependavyaeThCsi Ha OCHOBI €KCHEPUMEHTAIhHHUX 3aJIe)KHOCTEH TMOBHUX diarpaM aedopMyBaHHS
KOHCTPYKLIHHUX MaTepialiB 3 ypaxyBaHHSM BIUIMBY HAa HUX PI3HUX (PI3UUHHUX, TEXHOJOTIUHHX,
CWJIOBHUX 1 IHIIUX YMHHUKIB. 3aralbHUM BUTIIA OAI0HOI JlarpamMu peasizyeThesl ABOMaA 11 riIKaMu
— BHCXI/IHOIO 1 HU3X1JTHOIO, MOJETHOBAHUMH PI3HUMH MapaMETPUYHUMHU (KIIFOYOBUMH) TOUKAMH.
Oco0nuBHil 1HTEpeC Ha Cy4yaCHOMY e€Tali pPO3BUTKY JedopMaliiiHOT pO3paxyHKOBOI MOjENi
MPEJICTaBIIsIE MOETIOBAHHS HU3X1/IHOI TJIKM MOBHOI AlarpaMu CTaHy KOHCTPYKLIHHOTO Marepiaiy,
110 (PIKCYETHCS PI3SHUMHU MMapaMEeTPUYHUMH TOUKaMH.

OnHa 3 TONOBHMX 3a/ad  MOJICNIOBAaHHA TakKMX TOYOK — L€ CTaHAapTU3aLis
eKCIIepUMEHTAJIbHUX CIIOCO01B BUBHAYEHHS] KPUTUYHUX 3HAYEHb BIJHOCHUX CHUJIOBHX Aedopmariiil y
BEPIIMHI JiarpaMu, 10 BiJIOBIIAalOTh TPAaHUYHUM HANpYXEHHSM KOHCTPYKIIIHOTO MaTepiaiy, sKi
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HE MEePEeBHIIYIOTh MEXI HOro MIIHOCTI MpU CTUCHEHHI. HU3XigHa rinka MOBHMUX Jiarpam IOBHHHA
MOJIETIIOBATUCS 32 YMOB CTajo 3aTyxarodoro nedopmyBaHHs OeToHy. MOMEHT mepexoay LbOro
CTaHy B He3aTyxawoue 1 Hapocraiode IedOopMyBaHHS CIiJ PO3MVIAAATH SK MOYATOK PYHHYBaHHS
MaTepiaqy MpH IHTEHCHBHO HApOCTAIOUUX JECTPYKTHMBHHX MEPETBOPEHHSIX HOT0 CTPYKTYpH.
Hanpy>xeHHsI KOHCTPYKIIIHOTO MaTepiaty Ha TakKid AUISHI JiarpaMu il HaBaHTaXEHHSAM MOXYTh
3MEHIIYBATHCSI JI0 PIBHS iX 3aKpUTUYHUX 3HAYCHb, HIDKYMX B MEXI HOro MIIHOCTI IIPH
CTHCHEHHI, Ta BIAMOBIAaTH BiTHOCHUM AedopMaliisM y rpaHuuHOMY cTaHi. [logasnbine 3MEeHIIeHHS
Halpy>KeHHsI OCETOHY € XapaKTepHHUM INIPH HOro CHJIOBOMY Je(QOpMyBaHHI 3a YMOB OUIBII
IHTEHCUBHOTO PO3BUTKY JIECTPYKTUBHUX NEpeTBOpeHb. [Ipu 11bOMy piBeHb BiIHOCHUX jaedopMariiii
MOK€ 30UTbLIYBAaTUCSA [0 MAaKCUMAJIbHO MOKJIMBUX 3HA4eHb, 3a MeXaMH SKUX O€TOH, SK
KOHCTPYKTUBHUH MaTepia, IepecTae 3aJ0BOJIbHATH HEOOXiTHIM €KCIUTyaTalliiiHIM SKOCTSIM.

baratopiunmii TOCBi CTBOPEHHSI, BIOCKOHAJIICHHS 1 PO3BUTKY TEOpii 3a/1i300€TOHY, a TaKOXK
BIIPOBA/KEHHS #loro cydacHoi nedopmMaiiifHOT MoJeni po3paxyHKy IMOKa3yloTb, IO ICHYE P
BOKJIMBUX HACYIIHUX MPOOJIeM, SIKi MOTPIOHO BUBYATH 1 BUPIIIYBaTH HA CHOTOIHINIHIN JeHb. Taki
po0OJieMU B OKPECICHOMY acleKTi CIijl po3TisAaTy 3a IBOMa HaNpsSMaMU JIOCIIKeHb: MEepIIni —
VIOCKOHAJICHHS METOJHMKH BUIPOOYBaHb 1 CTaHmapTH3aIlii CHnocoOiB OTPUMaHHS ITOBHUX
eKCIIEpUMEHTAIBHUX JiarpaM CTaHy Ta iX MapaMeTPUYHHX TOYOK, IO JO3BOJISIOTH 3 BHCOKOIO
JOCTOBIPHICTIO MOJIEIIOBATH 3alIeKHICTh Op — &, (HampykeHHs — aedopmarlii) aHaTIITUYHOI
byHkiero g i peamizamii mpu po3paxyHKaX PI3HUX KOHCTPYKTHUBHUX EJIEMEHTIB; IPYrHi —
yIOCKOHaNIeHHST JedopMaliiHOl pPO3paxyHKOBOI MoOJEdl 3 BUKOPHUCTAHHSM TPaHCPOPMOBAHHMX
niarpam aeopMyBaHHS, a TAKOXK YTOYHEHHS JIEIKHX MEePEIyMOB 1 OJOKEHb, IPUUHITUX B PI3HUX
ICHYIOUMX CTaHIapTax Uil PO3paxyHKy OCTOHHHMX 1 3ai300€TOHHMX KOHCTPYKLIH. Y gaHOMYy
JOCIIKEHH] pO3TIISAA€THCS CYTHICTh BUPIIIEHHS HA3BAHUX aKTYaJbHHUX IPOOIIEM.

KirouoBi ciioBa: 6eToH, 3ai300€TOH, KOHCTPYKIIT MiICHIIEHb, MIIHICTh, 1€(OPMATUBHICTB,
TpanchopMoBaHa Jiarpama.
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AHHoTauusi. Ha oOCHOBE KPHUTHYECKOTO aHaliM3a pPa3BUTHUA TEOPUH JKeJIe300eTOHa
OIIpeZIE/ICHbl TJIABHBIE HANPABIEHUS €€ COBPEMEHHOro YcoBeplIeHCTBOBaHMs. Kak Benyiiee
HamnpaBJIeHUE peIIeHUs Takod TNpoOJeMbl paccMaTpUBaeTCs  W3BECTHAsh Ha  CEroJHs
nepopMmalmoHHas pacueTHas Mmozenb. OHa peanusyeTcsi Ha 0a3e MONHBIX SKCIEPUMEHTAIBHBIX
auarpamMm  Ae(OpMHUpPOBaHUSl Pa3HbIX KOHCTPYKTHBHBIX MaTepuasoB. llpemioxkeHbl crnocoObl
yIy4IIEHUs TaKOM MOJENTH IyTeM CO3JIaHUS M HCIOJIb30BaHUS TPAaHCHOPMUPYEMBIX AMATPAMM
negopMupoBaHus OETOHHBIX, ApMUPOBAHHBIX, @ TAK)KE HA MX OCHOBE YCHJICHHBIX KOHCTPYKTHBHBIX
37€MEHTOB. MozenupoBaHue 3TUX JUarpamMmM IpeayCMaTpUBACTCs Ha OCHOBE HKCIIEPUMEHTAIbHBIX
3aBUCUMOCTEH MOJHBIX AUarpaMMm Jae(GOopMUPOBAaHHUS KOHCTPYKIIMOHHBIX MAaTEpUAIIOB C YUETOM
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BJIMSHUSI HA HUX Pa3HBIX (U3MUECKHUX, TEXHOJOTMYECKUX, CHIIOBBIX M APYTrux (axkropos. OOmmit
BUJ TOJOOHOW auarpaMmbl peaqu3yeTcsl IBYMsI €€ BETBSIMH — BOCXOJSIICH W HHUCXOJISAIICH,
MOJICIIUPYEMBIMU PA3HBIMH HapaMETPHUECKUMH (KIIFOYeBBIMU) ToukamMu. OCOOCHHBIN MHTEpeC Ha
COBPEMEHHOM  JTame pa3BUTUS  JeGOopManMOHHOW  pacyeTHOH  MOJIEIH  MPEICTABISIET
MOJICTTUPOBAaHHE HUCXOMAIICH BETBH MOJHOW JUAarpaMMbl COCTOSHHUSL KOHCTPYKIIMOHHOTO
Mmarepuaa, KoTopasi QUKCHPYETCs pa3InIHbIMHU ITapaMeTPUYECKUMHU TOUKAMH.

O,Z[Ha M3 TJIaBHBIX 3aaa4 MOACIHMPOBAHUA TAKUX TOYCK — OJOTO CTaHAapTU3aluAd
OKCIICPUMCHTAJIbHBIX croco0oB OIPCACIICHUA KPHUTHYCCKUX 3HAUYCHUH OTHOCHUTEIBHBIX CHIIOBBIX
):[e(bopMauHﬁ B BCPHIMHC AUarpamMmbl, KOTOPLIC OTBCHANOT IMPCACIBbHBIM  HAIIPAKCHUAM
KOHCTPYKIIMOHHOTO MaTepHuajia, KOTOpPbIE HE IMPEBBIIIAIOT TPAHUIIE €ro MPOYHOCTH IPU CHKATUHU.
Hucxopsimas BEeTBb MOJNHBIX AMArpaMM JOJDKHA MOJEIUPOBATHCS IPH YCIOBUSAX CTAaOMIIBHO
3aTyxaromero nepopMupoBanus 6eToHa. MOMEHT mepexoja 3TOr0 COCTOSHHS B He3aTyXarollee U
Hapacrarolee 1e(opMUPOBAaHUE CIIEAYET pacCMaTpUBATh KaK HA4YaJIO pa3pyLICHUs MaTepHaia IpH
MHTCHCUBHO HApacTAOIMX JCCTPYKTHUBHBIX IPeoOpa3oBaHUAX €ro CTPYKTyphl. Hampsokenus
KOHCTPYKLIMOHHOTO MaTepuaja Ha TAKOM y4acTKe AUarpaMMBbl I10J] HArpy3KOH MOTI'YT YMEHBIIAThCS
70 YPOBHSI WX KPUTHYHBIX 3Ha4YCHUIl, 00Jiee HU3KHUX OT I'PAHMIBI €0 MPOYHOCTH NP CHKATUH H
OTBEYaTh OTHOCUTEIBHBIM AedopManusM B MpeaeabHoM cocTossHuu. [locnenyromee yMeHbIICHNE
HanpspKeHUs OETOHAa XapaKTepHO MpPHU €ro CHJIOBOM AeOpMHpPOBAaHMHM B YCJIOBUSX Oosee
MHTCHCUBHOTO Pa3BUTHSA ACCTPYKTUBHBIX MPE0Opa30BaHUN. Y POBEHb OTHOCUTENBHBIX JePopMannii
IIpHU 3TOM MOKET YBCIIMYUBATHCA 1O MAaKCUMAJIbHO BO3MOKHBIX 3Ha‘-IeHHfI, 3a nIpcaciiaMu KOTOPBIX
6€TOH, Kak KOHCTPYKIII/IOHHI)If/i Marcpuall, IepecTacTt YAOBJICTBOPATDH H€06XOZ[I/IMI)IM
IKCIUTYaTallMOHHBIM Ka4eCTBaM.

MHOTONETHUI ONBIT CO3JaHUs, COBEPIICHCTBOBAHMS W PA3BUTHS TEOPUH XKeJIe300eToHa, a
TaK)ke BHEIPEHHE €€ B COBPEMEHHYIO Ae(OpPMALMOHHYI0 MOJENb pacyeTa IOKa3bIBaeT, YTO
CYLIECTBYET PsiI BAXKHBIX HACYyLIHBIX @pOoOJIEM, KOTOpbIE HY)KHO H3ydaTh W pellaTh Ha
CeTOMHAIIHUIN AeHb. Takue mpoOieMbl B OYEPUCHHOM ACIEKTE CIIEAYEeT pacCMaTPHUBAThH 3a JIBYMS
HANpPaBICHUSAMH  HWCCIEJOBAaHHWA: 3TO  COBEPIICHCTBOBAHME  METOJWKHA  WCHBITAaHWA U
CTaHJAapTH3alMs CIIOCOOOB TMOJNyYEHHs] TOJHBIX SKCIEPUMEHTAJIBHBIX JUarpaMM, a TaK XKe
COBEPILICHCTBOBaHHE JAe()OpMAIMOHHONW pacueTHOM MOJAEIM C YTOYHEHHEM HEKOTOPBIX
MpeaAOChLIOK u TTOI0KEHUH Pa3INIHBIX CYHICCTBYIOIIUX CTaHOapTOB 110 pacucry
KEeJIe300€TOHHBIX KOHCTPYKIUH.

KiroueBble ciioBa: 0eTOH, IKeNe300€TOH, KOHCTPYKLIHMU  YCHUJIEHHUS, IPOYHOCTb,
ne(popMaTUBHOCTh, TPAaHC(HOPMHUPOBAHHAS IUAarpaMMa.
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