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sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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USE OF EXTREME PROPERTIES OF DEFORMATION
FOR ESTIMATION OF STRENGTH OF CONSTRUCTIVE
CONCRETE AND REINFORCED CONCRETE

Abstract. To estimate the resistance of structural concrete and reinforced concrete to destruction, as a criterion
for reaching the ultimate state, extreme properties of the energy (power) of compressed concrete deformation are
used.

Normal and inclined to the longitudinal axis of the bending elements cross sections are considered in the most
stressed zones. The limitation of the “stress-strain” diagram used in calculations for concrete is justified by the level
of the beginning of macro-destructurization, which makes it possible to exclude a re-evaluation of strength. The
value of the ultimate strain is determined on the descending branch of the diagram at the point corresponding to the
maximum deformation energy. Super limiting strain is accompanied by a sharp decrease of stresses and structural
rupture of the material. The dependence of the ultimate strain value on the parameter of the elastic-plastic
characteristics of concrete is given.

The values of the ultimate strains for concrete of different classes are obtained. The strength problem of a
compressed inclined element near the supports as a component of the truss analogy is solved. The result is obtained
on the basis of a variational method in the theory of plasticity. The functional of virtual velocities principle is used.
Concrete is considered as a rigid-plastic body. The shear failure occurs within the boundaries of the inclined element.
Intense deformation is considered localized in a thin layer on the failure surface. To determine the value of the
ultimate load the upper estimate is applied. The minimum power of plastic deformation is used as a criterion. The
area of implementation of the truss analogy method is specified.

Key words: concrete, reinforced concrete, extreme deformation properties, ultimate deformation, shear, truss
analogy.

Introduction. To estimate the strength of concrete and reinforced concrete structures, a non-linear
deformation model has recently been widely used, which forms the basis of a number of author and
normative techniques [1-6]. It examines the distribution of the strain in the sections normal to the
longitudinal axis of the elements and allows use the stress diagrams in a compressed zone concrete
corresponding to it and experimentally confirmed. This shows the actual work in the ultimate state. The

most proven relationship between stresses o, and strains &, of concrete is the fractionally rational
function [5,6]. Meanwhile, it should be noted that the value of the ultimate strain of concrete, which
bounds the

experimentally determined values of the ultimate strain of concrete vary over a fairly wide range [2,3,7]
and require a clarification.

The tasks of estimating the strength of elements in inclined sections are solved on the basis of the
method of truss analogy with the introduction of empirical coefficients [8-10]. At the same time, the shear
form of failure is experimentally confirmed, both within the boundaries of the compressed strut (strip) and

— 3 ——

o.—¢&,” diagram on the descending branch, is not uniquely determined. At the moment, the
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under the dangerous inclined crack [9-12]. At the same time, the empirical approach does not allow the
establishment of clear boundaries for its implementation.

In [13], the cyclic strength of asphalt concrete was determined depending on the level of deformation.
In [14], the safety margins of the truss structure were established using the criterion of the minimum
perceived mobile load.

In accordance with the abovementioned, the solution of the problems under consideration on a
general theoretical basis is relevant. The application of the extreme principles of mechanics of a solid
deformed body seems promising.

The purpose of this study is to improve the methods for estimating the strength of structural concrete
and reinforced concrete based on extreme deformation properties and the theory of plasticity.

Research methods. To achieve this purpose, the methods of mechanics of a solid deformed body are
used. As criteria for solving problems of strength, the extreme properties of the energy (power) of concrete
deformation are considered. The concept of rigid plastic body is implemented. The variational method is
used in the theory of plasticity, the principle of virtual velocities, the upper estimate of the ultimate load,
discontinuous solutions. The functional principle of the virtual velocities is investigated on a stationary
state. As a condition of plasticity at a certain range of stresses, strength condition [15] is used, which
generalize classical theories of Mohr and Mises — Henki for fragile materials. The values of the ultimate
deformation of the concrete, beyond which comes the macrofailure of its structure, meets the criterion of
the maximum potential deformation energy. To estimate the strength of the elements under the shear,
kinematically possible schemes of its failure are considered, and that one is taken at which the plastic
deformation power is minimal.

Results. The task of evaluating strength in normal sections of reinforced concrete elements under
bending in [3,4] is proposed to be solved by determining the values of the moments corresponding to the
maximum in the “moment — curvature” or “moment — deformation” diagrams. In this case, the condition

of not exceeding the ultimate value &£ by the strain rate of the extreme fiber of the compressed zone

should be observed.
The stress-strain relationship for concrete (figure 1) is fairly accurately described by a rational
function or a polynomial of the 5th degree, which is harmonized according to research data [3,16].

Meanwhile, to clarify the parameters of these functions and check the condition €, < &, it is necessary
to establish the value & for different classes of concrete. £ limits the part of the descending branch

of the “o,—¢.” diagram used in the calculations, where the potential deformation energy increases.

With an increase in the level of deformation above the beyond, destructurization and destruction of
concrete occur.

T
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Figure 1 — "Stress — strain" diagram of compressed concrete:

fcm and Ecm — average values, respectively, of the compressive strength of the concrete and the initial modulus of elasticity
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The relations for fractional rational function and the 5th degree polynomial are written respectively in
the form

0./ fy=(ag—r7) /[ 1+(k=2) /7], (1)

o,/ fy=an+aif +air +a +agy, )

where f,, — design value of concrete compressive strength; k=1,05E,,/E, , — characteristic of the
elastic-plastic properties of concrete; £, — design modulus of concrete elasticity; £, , — secant module at
the top of the diagram (fig. 1); 7=¢,/¢,,, — level of strain; ¢, — strain at maximum stress; a,, a,, a;,
a,, a5 —polynomial coefficients.

It is proposed to determine the calculated value of the ultimate strain & _,, using the extreme property
of deformation — the achievement of the maximum deformation energy of concrete, from the equation

O-cgedR = maX(Gegc ) (3)

To obtain the polynomial coefficients, the characteristic points 1 and 2 are considered, as well as the
area of the diagram bounded by the deformation &_,, (figure 1). The results are given in table 1.

Table 1 — 5th degree polynomial coefficients

Coef- Concrete compression class

ficient C12/15 | C16/20 | C20/25 | C25/30 | C30/35 | C32/40 | C35/45 | C40/50 | C45/55 | C50/60
a 2.9777 2.8383 2.7013 2.5758 2.4873 2,3852 2.302 2.2463 2.1595 2.0663
a -3.4783 | -3.1001 | -2.7361 | -2.3919 | -2.1608 | -1,8925 | -1.6834 | -1.5473 | -1.3431 | -1.1369
a; 2.1287 1.7705 1.4358 1.1021 0.8943 0,6499 0.4727 0.3632 0.2103 0.0752
ay -0.7334 | -0.5939 | -0.4685 | -0.3317 | -0.2554 | -0,1629 | -0.1032 | -0.0696 | -0.0292 | -0.0049
as 0.1053 0.0852 0.0675 0.0457 0.0346 0,0203 0.0119 0.0074 0.0025 0.0003

Functions (1) and (2), the initial modulus of elasticity £, and the secant modules at the specified
points £, ,, E ., determine the stress diagram in the compressed zone of the reinforced concrete

element under the condition that the strain achieves in the most compressed fiber the value €, ;-

The ultimate value of a bending moment that a reinforced concrete element can perceive
M, =f,4,d(1- yéw)= [, bd*so(l- yio) @)
in [4] it is recommended to determine from the condition
M, =max(s,), (5)

where d — working section height; E =x/d - relative height of the compressed zone of concrete;

@ — ratio of stress diagram completeness; y — characteristic that determines the distance from the point
of application of the resultant force in concrete to the compressed face of the element (figure 2).

— 34 ——
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Figure 2 — The design scheme of the reinforced concrete element
in the normal section: distribution of forces, stresses and strains

The authors proposed formulas for engineering calculation, defining the above characteristics by
parameter k

n,=n.N1.8/k, (6)

®=0.5+024%k -1, (7)

7=2/3-0.123k -1, (8)

at k22 1, ——1 kz_2k_32+4k2—8k+w at k=2 n,=4/3 )
T k-4 2 2| =R

where 77, = ¢ /&, 4 —strainlevel at M, =max; 17, = &, ., / €, ., — ultimate strain level (table 2).

cu,cd

Table 2 — Ultimate strain level of concrete 77,

Concrete compression class

C12/15 C16/20 C20/25 C25/30 C30/35 C32/40 C35/45 C40/50 C45/55 C50/60

1.8093 1.7144 1.6269 1.5705 1.5264 1.4841 1.4495 1.4272 1.3934 1.358

The condition that the value of the current concrete strain &, does not exceed the value € .,

indicates that the concrete is working up to the boundary of its macro-destructuring and can be written as
My S Mg (10)

Estimation of the strength of reinforced concrete elements on the support areas by the inclined section
using the method of truss analogy considers the shear form of failure of the compressed element (strut). In
this case, the calculated dependencies include a number of empirical coefficients.

For the theoretical justification of the implementation of the truss analogy, the problem of the
strength of an inclined prism loaded at the ends of the compressive and tangential components of the
transverse force is solved. The scheme of a rigid-plastic body is used. The prerequisites for applying the
theory of plasticity are represented in [17-20]. The solution is based on the principle of virtual velocities,
whose functional in the absence of inertial and mass forces is

1= w,ds—[fv,ds, (11)
S
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where fi*— forces in the direction of velocities V;, given on the surface of the body S; W, — power
density of plastic deformation of concrete.

The functional is investigated on a stationary state 5/ =0.

The simplest one is a solution in discontinuous functions of velocities.

The plastic deformation is considered localized in a thin layer on the failure surface S, , which divides
the element into two absolutely rigid disks. The jumps of the tangential AV, and normal AV to the surface
S, components of the movement velocity 7 of one disk relative to another are expressed through of the
angle of inclination of the failure surface 7 and the ratio of the velocities m =V, / V, in the direction of
the action of forces 7,and N,. The angle of the direction of velocity V' to the surface S, is
W =arctgm-—y.

The variational method is used in the theory of plasticity. Parameters m and y vary. The power

W_., on the area S, is considered as a function of deformation velocities, which takes into account the
dilatancy of concrete.
The kinematic scheme of the failure of the strut is shown in figure 3.

NH

‘ Nu
Figure 3 — The kinematic scheme of the compressed element failure

The formula for estimating the strength of a reinforced concrete inclined element has the form

V, _N40-x+2)/3\(m—tany)’ +(1+many)y —(A=pm-tany) [y
£.bl. (tan @+ m)tany ,

(12)

where b and [, — cross section dimensions; /. =z / V2, 2=009d.

The results of the calculation with respect to the resistance of concrete to tension and compression
x=f..!f,=007 are given in table 3.

Table 3 — Ultimate relative forces perceived by an inclined element

0,° tan @ m tan y 7, ° N,/ f,bl. T/fbl. V.IfH
45 1 10.51 1.21 50.4 0.305 0.305 0.432
30 0.577 176 1.32 52.9 0.179 0.309 0.357
21.8 0.4 4054 1.33 53 0.124 0.309 0.333

Both characteristics of concrete strength are taken into account, in contrast to the dependence of the
method [5,6]. The need to take into account the tensile strength of concrete f,, is due to the shear form of

failure. It is well known that shear strength depends both on f,, and f,,.
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Comparative analysis of the results of evaluating the strength of reinforced concrete elements in
inclined sections near the supports on the basis of a refined method of a truss analogy with experimental
data indicates the convergence of theoretical and experimental values. The design scheme (figure 3) is
confirmed by the failure pattern observed in experiments. Plastic strains are localized on the cut surface in
thin layers, which is confirmed by systematic experimental studies [21].

If condition 1<cotd<1.5 is met failure occurs within the boundaries of the inclined compressed
brace. In the case cotf>1.5 there is a shear of the concrete of the compressed zone of the bending
element over a dangerous inclined crack, which is described by the well-known disk model [9,22,23].

Conclusion. The stress-strain diagram “o, —&_” used in the calculations on the descending branch

c

must be limited to the starting point of the macro-destructuring of concrete. The value of the ultimate
strain ¢_,, corresponds to the maximum potential deformation energy O .& 4z = max(o ¢€,).

When evaluating the strength of reinforced concrete elements in normal sections, the condition of not
exceeding by the level of strain the most compressed fiber of concrete at the stage of failure of the level of
ultimate strain 7, <7, should be checked. When strain exceeds the ultimate value (7, >7,), a fragile

avalanche-like failure occurs along the concrete of the compressed zone.

The strength problem of a compressed inclined element (strut) in the support sections as a component
of the truss analogy is solved by a variational method in the plasticity theory of concrete. As a criterion for
determining the ultimate force value perceived by the concrete strut under shear, the minimum of the
plastic strain capacity is used that is localized in a thin layer on the failure surface. When designing
reinforced concrete elements, it is recommended to take the inclination angle of the inclined element
corresponding to the most efficient use of the resistances of concrete and shear reinforcement.

For a more accurate mapping in the calculations of the behavior of constructive concrete and
reinforced concrete at the failure stage and improvement of the method of estimating their strength, the
future development of the deformation model, the use of different methods with the specification of the
areas of their implementation and the application of extreme principles of mechanics of deformable solid
body are perspective.
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KOHCTPYKIUSLIBIK ’)KOHE TEMIP BETOHHBIH BEPIKTII'TH BAFAJIAYJIA
JE®@OPMAIMSIHBIH OKCTPEMAJIIbI KACUETTEPIH NAUJAJIAHY
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UCIOJb30BAHUE SKCTPEMAJILHBIX CBOMCTB JIE@OPMAIIMA
JJIs1 OHEHUBAHUSA ITPOYHOCTHU KOHCTPYKTUBHOI'O BETOHA U KEJIE3OBETOHA

AHHOTanusi. [ oLleHMBaHHS CONPOTHBIIEHHS KOHCTPYKTHBHOTO OETOHA W jKene300€TOHa pa3pyLICHHIO B
Ka4eCcTBE KPUTEPHs JMOCTIIKEHHS IPEIESIbHOTO COCTOSIHUSI HCIIOJIB3YIOTCSI OKCTPEMAVIbHBIE CBOWCTB JHEPIHU
(MomHOCTH) TehOPMHUPOBAHUS CIKATOTO OETOHA.

PaccmaTpuBaroTCst HOpMabHBIE U HAKJIOHHBIE K IPOJOJIBHON OCH M3rNOaeMbIX 3JIEMEHTOB CeueHHs B HauboJee
HaTPSDKCHHBIX 30HAX.

OO00CHOBaHO OTpaHWYCHHE TPUMEHAEMOW B pacueTax AuarpaMMbl «HANpsDKCHUS — nedopmanus» OeToHa
YpOBHEM Hayalla MaKpOAECTPYKTYPH3AIM{, YTO MO3BOJSIET HCKIIOYUTH MEPEOleHKY NpOoYHOCTH. Jlmarpamma
OIUCHIBACTCS APOOHO-PALIMOHATILHOM (DYHKIMEH 1 TapMOHU3UPOBAHHBIM MOJIMHOMOM 5-0it cTenenu. s yTouHeHus
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KOX(Q(QHUIMEHTOB TOJMHOMA PAacCCMATPUBAIOTCS XapaKTepPHBIC IapaMeTphl IHarpaMMBL: TOYKa B €€ BEpIIHHE,
COOTBETCTBYIOIIAs] MaKCUMyMY HAaNpPsKEHHH, TOYKa MPEAEeTBHOTO yYpOBHA NedopManuu, A0 KOTOpoil OETOH Kak
MaTepHall ele crrocoO0eH BOCIIPHHUMAET BO3PACTAMOIIYI0 HATPY3KyY, a TaKXkKe IUIOMAbh JHarpaMMBbl, OTpaHHYCHHON
npeaenbHOW nedopmarmeil. Mcrnonb3yoTes HadanbHbIA MOAYJb JeopManud OeTOHAa M CEKyIlue MOy B
BEpLIMHE AMArpaMMbl U B TOYKE, KOTOpasi €¢ OrpaHMYMBAET HA HUCXOJsIIeM ydacTke. [IpuBeneHbl Kod(hGUIUSHTHI
MOJTMHOMA JJII OETOHOB Pa3HOM MIPOYHOCTH.

Pewrena 3amaua MpoYHOCTH OalOYHOrO KENEe300€TOHHOTO AJIEMEHTa B HOpMaslbHOM cedyeHuu. [IpenenbHoe
3Ha4YeHHe U3rnOaloIIero MOMEHTa OIPENEIeTCs U3 YCIOBUI MaKCUMAIIbHOM BEJIMUMHBI HATPY3KU M HE NIPEBBIICHHS
nedopmanyeil ypoBHs, ¢ JOCTHIKEHHEM KOTOPOTO HAUYMHAETCS MaKpOJAECTPYKTypu3alus. 3Ha4eHHEe IpeaebHOU
nedopMany Ha HUCXOASIIEH BETBH AMArpaMMbl YCTAHOBJICHO B TOYKE, COOTBETCTBYIOUIEH MaKCHMyMy SHEPrHU
neopMUpOBaHHSI.

3ampenenbHas nedopManys CONPOBOXKAACTCS PE3KMM CHI)KEHHEM HAIPSHKEHUH W HapyILIEHHEM CTPYKTYPHI
MaTepuana. [IpiBeneHa 3aBHCHMOCTh BEIMYHHBI TIPEIEIBHON Je(pOpPMAaIIH U TapaMETPOB pacI€THOTO HOPMAIHHOTO
CEYeHUS OT YIPYTO-IDIACTUIECKON XapaKTepucTHKu OeToHa. [ToydeHbl 3HaueHHs YpOBHSI MPEeNbHON e opManni
JUTE OETOHOB Pa3HBIX KJIACCOB.

OmnpeneneHa MPOYHOCTh CKATOr0 HAKJIIOHHOTO AJIEMEHTA BO3JIE OMOp KaK COCTABJISIONIEro (pepMEeHHO aHaio-
rud. PaccMoTpeHO paspyiieHne myTeM cpe3a MOACTUPYIOMIEH CKaThIi 3JIEMEHT OETOHHOW MPHU3MBI, Harpy>KECHHOM
10 TOpLIaM HOPMaJIbHOM CKMMaroLIel U KacaTelIbHOW CHUJIaMHU.

PesynbraT nosydyeH Ha OCHOBE BapHAIllMOHHOI'O METOJ[a B TEOPHH IUIACTUYHOCTH. B KauecTBe MmiacTHYecKOro
MOTCHIMAaJIa TPUHATO YCJIOBHUEC IMPOYHOCTH. I/ICHOHLSyeTCﬂ MaTeMaTHYECKHI arnmnapar TCOpUH IJIACTUYHOCTH C
YYETOM JiiIaTaHCuH OETOHA, OIPEIeIIIOINI 3aBUCMOCTH HANPSDKEHUH OT cKopocTel aedopManuii 1 GpyHKInoHa
MIPHUHIUIA BUPTYaIbHBIX CKOPOCTEH.

Beron paccmarpuBaeTcs Kak )KeCTKO-IIacTHYecKoe Teno. MIHTeHcHBHas nedopMaiys CUNTaeTCs J0KAIN30BaH-
HOW B TOHKOM CJIO€ Ha ITOBEPXHOCTH pa3pylieHus. [IpUMBIKAOMMe K IMOBEPXHOCTH pPa3pyIICHUS OONAaCTH
MPUHUMAIOTCA a0COFOTHO JKECTKUMH. JIJIsi OTIpeNiesieHus] BEIMIUHBI MPEISIbHON HArPy3KH HMPUMEHSETCS BEPXHISI
OIICHKA.

OyHKIIMOHAI METO/Ia BUPTYaJIbHBIX CKOPOCTEH MCCIIEAyeTCA Ha CTAllMOHAPHOE COCTOSIHUE. BapbupyroTcs yroa
HAaKJIOHA TMOBEPXHOCTH Pa3pyIICHUs ¥ COOTHOILICHHE CKOPOCTEH B OPTOTOHAJBHBIX HANPABICHUAX, Yepe3 KOTOPHIE
BBIPA)KEHBI HOPMaJIbHBIE M KacaTelIbHbIE K MOBEPXHOCTH CPe3a CKauKH CKOpOCTel. B kauecTBe KpUTEpHUs HCIOIB30-
BaH MHHHMYM MOIIHOCTH IUIACTHYECKON JeopMaliuy.

Hpeuﬂomeﬂa MOATBCPKACHHAA SKCIIEPUMCHTAJIIbHBIMU HUCCIICAOBAHUAMU KUHEMATUYCCKAaA CXEMa pa3pyliCHUA
C)KaToro OETOHHOT'O JJIEMEHTa U 3aBHCHUMOCTH JUIsl OLEHKU €r0 MPOYHOCTH. [IprBeNeHBI pe3yIbTaThl PEUICHUs Py
Pa3HbIX yIylaX HAaKJIOHA MPHU3MBI K IIPOJIOJIBHON OCH 3JeMeHTa. Y TOYHEHa 00JIacTh peann3aluy MeTona (hepMeHHON
aHAJIOTUH.

[Ipu npoekTHpOBaHNH >KeIe300€TOHHBIX 3JIEMEHTOB PEKOMEH/TYETCsl IIPUHUMATh YTOJI HaKJIOHA HAKJIOHHOM T10JIOCHI,
COOTBETCTBYIOIIMIT Hanbosee 3P PEeKTHBHOMY HCIIOIb30BaHHIO COMTPOTHBIICHIN OETOHA M TIOTIEPETHOI apMaTypBL.

YkazaHO Ha HEOOXOOUMOCTh M TMEPCHEKTHBHOCTh JajbHEHIIEro pa3BUTHS Ae()OpMAIIOHHOH MOJIENH,
WCTIOJF30BaHUS U YCOBEPIICHCTBOBAHMS METOIOB OLICHMBAHUS MPOYHOCTH C YTOUHEHHEM 00JacTel MX peann3aiuin
U TPUMEHEHHE IKCTPEMAaJbHBIX MPUHIMIIOB MEXaHWKH TBEPAOTO Ae(POpMHUPOBAHHOTO Tena s 0ojee TOYHOTO U
000CHOBaHHOTO OTOOpa)k€HHUsI B pacdyeTax IOBEINCHHWS KOHCTPYKTHBHOTO O€TOHa W JKelIe300€TOHa Ha CTaTuu
paspyLieHus..

KaoueBbie cioB: 06eToH, kene300€ToH, IKCTpeMabHbIe CBOWCTBA AedopManuy, mpeaenbHas aedopmarus,
cpes, hepMeHHast aHAJIOTHS.
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