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FUNDAMENTAL DESIGN PRINCIPLES OF REINFORCED CONCRETE
STRUCTURES AND CONSTRUCTIONS DURABILITY

Abstract. The article describes general issues and the current state of the multifaceted problem of the
durability of reinforced concrete structures, including the main provisions for the design of the durability
of reinforced concrete structures, the existing methods for its evaluation, concepts and criteria related to
durability.
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INTRODUCTION

In the course of long-term operation reinforced concrete structures of engineering structures are exposed
to complex loads, temperature-humidity deformations, corrosive environment and other external and internal
factors.

In general, the development of durability of reinforced concrete structures is realized by developing methods
for estimating, forecasting and improving durability. When considering the durability of reinforced concrete
structures, the following features of this problem can be distinguished:

i — a probabilistic nature of force and non-force impacts, their complexity and interrelation;

ii — variability of technical characteristics of materials and structures;

iii — the influence of the time factor on the nature of the impacts and the properties of the materials.

THE GENERAL STATE OF THE PROBLEM

Forecasting the service life is a component of the theory of reliability of reinforced concrete structures.

In 1924 N. S. Streletsky identified three factors determining the safe operation of the structure: the variability
of material properties, the variability of the load, and the structural correction for the quality of constructions.
He proposed a universal approach to finding the optimal service life, which should be determined by
minimum operating costs.

Modern methods for calculating the reliability of building structures were developed by V. V. Bolotin,
A. R. Rzhanitsyn and other scientists who gave the opportunity to introduce methods of probability theory,
mathematical statistics and the theory of random processes in the practice of design, construction and
operation [1, 6].

The version of the theory of the reliability of mechanisms and structures, developed by B. Bolotin, reflects
the behavior of the object as a result of their interaction with the environment.

The condition of structure reliability during the operating time is:

Pt)> P, (1)

where P(t) is probability of safe structure operation at a certain time; P is the normative value of the
probability of safe operation. The left side of the inequality means that a dangerous state occurs when the
force from the external load S exceeds the load-bearing capacity of the element Z, i. e.:

§-7>0 2)
with the probability of 1-P(¢).
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To calculate the probability of the safe operation, the stochastic properties of the load-strength system are
calculated, since specific realization of the random processes of loads and load-bearing capacity depends on
deviations from their mean values that change in the course of time.

Therefore, for any moment of time, the distribution of the bearing capacity and loads and the necessary
correlation links between the random variables determining the behavior of the structure during its service
must be described.

The successful development of probabilistic calculation methods was contributed by the fundamental
work of A. R. Rzhanitsin [6], who suggested to determine the probability of failure-free operation of the
structures P(¢) for a given service life of «n» years, as the probability of inequality:

R-Q,>0, 3)

where Q — is a generalized load that can occur during the estimated service life;
R — is a characteristic of the generalized structural strength.

Then the structural strength reserve is calculated by the following formula:

-Q >0. (4)
The probability of failure-free operation

Pl0)= [0, b (%)

When the distribution density of random Varlables with a given distribution law P_is expressed in terms
of the probability density of the load P, and the strength of P, the probability P(t) takes the form:

0)=J0, ), (6)
0
where ®(¢)=1-P,(¢), P is a strength distribution function.

One of the important tasks of the probabilistic calculation of structures is the calculation of safety, taking
into account the wear and the influence of local defects.

The technique of calculation of probability failure involves a number of steps: the determination of the
failure state, the choice of the function of working capacity, the formulation of failure conditions, the choice
of probabilistic models, and the calculation of the probability of the failure condition by numerical integration
methods, as well as the «hot point» method. Statistical modeling is performed by the frequency
of event occurrence [5].

V. D. Raiser introduced the function of wear in conditions of failure-free operation of the structure:

Ryf(1)=2(1)-5(t), (7)

where R is the initial value of bearing capacity;
S(¢) is load effect;
f(¢) is a wear function;
Z(t) is a wear process.

The application of the reliability of the theory method for prediction the durability of reinforced concrete
structures has encountered a number of difficulties. The well-known model of reliability of structures «load-
strength», in the case where the cause of failure is destruction, basically does not take into account the time
factor and does not allow tracing the evolution of the state of the construction associated with the destruction
processes.

Practical methods for calculating the lifetime and service life of reinforced concrete structures differ from
those taken in the durability estimates of machines and mechanisms due to the specifics of the development
of degradation processes and the diversity of their combinations, very different operating time, because of
the limited or lacking in basic information about the laws of distribution of random factors in time and some
other reasons.

The concept of the resource (working time, assigned service life, total service life) is very significant when
studying structures that are subject to the effects of alternating loads.

The following formula is proposed to describe the change in the load-bearing capacity d(¢), taking into
account the time factor and the accumulation of damages:
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O(1)=a, (1), @)
where @ is a bearing capacity of reinforced concrete structure after manufacturing, ¢ = 0;
a,(t) is a function of time, which reflects the change in the bearing capacity in the course of time
during operation due to the increase of the strength, the conditions of repeated and prolonged
loads, the influence of an aggressive environment and other factors.

On the basis of this approach, the main resource equation for prestressed concrete of reinforced concrete
span structures of bridges was obtained, taking into account the variable factors, conditions of loading and
operation, which allowed to determine the service life of structural elements as a result of concrete destruction:

T=N‘[“7V‘*}n, )
n; n
where 7 is a number of load cycles per year;

N, =2:105;

m=20;

y is a coefficient corresponding to a given secured probability P;
y=-2,33 when P = 0,99;
n is a coefficient taking into account the level of loading.

This approach is somewhat arbitrary because of the imperfection of the method for estimating the
probability of the elements operability in sections of the random process: high reliability requirements are
imposed on the carrying capacity, while the limiting state of the elements is characterized by considerable
instability. In this sense, the calculation method based on the successive replacement of random arguments
is more convenient [7].

Furthermore, due to the multifaceted problem of durability, at present the application of only probabilistic
methods does not allow to obtain answers to a number of specific questions of interest to practitioners.

Durability is considered as a comprehensive criterion that depends not only on the environmental
conditions, but also on design parameters, material characteristics, mixture proportions and processing
methods. Studying the fundamental principles underlying the processes of interaction between structures
and the environment is very important.

Calculation methods based on this or that variety of creep theory, allow determining the stresses and deformations
of reinforced concrete elements at any time during the action of a continuous constant load. Proposals to take into
account the variability of external influences are discussed in the works of A. Ya. Barashikova, Yu. P. Gushchi,
N. I. Karpenko [3].

The method of transformed time t, developed by Karpenko, allows to avoid the need to remember the
information on the history of the stress-strain element, which greatly simplifies the calculations.

Approaches are proposed for forecasting the durability of materials and their products by the method of
degradation functions under combined actions and the criterion of the limiting state resulting from the
destruction of the compressed element from the combined effect of force factors and adverse influences is
determined by inequality:

N < D(N) N(0), (10)
where N(0) is a force, taken by the element at the initial moment of operation.

To determine the ultimate state of materials during the cyclic action of mechanical loads, corrosive
environment and temperature, the criteria for summation of damage are used, expressions are obtained for
describing the durability of a sample under the action of thermal, mechanical or chemical types of energy:

T, (un)z 7, exp(u"k_Tu” j, (11)

where T is absolute temperature, k is the Boltzmann’s constant;
u, is a initial activation energy;
u, is level of energy impact;
7, is a constant. The absorbed energy is defined as the difference of the areas of the «c — &»

diagrams determined before and after the energy impact.
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At the present time, in terms of reliability and durability of reinforced concrete structures, there is no single
generally accepted approach, and the theory of calculating reinforced concrete structures interacting with
aggressive and other types of media is still far from the final solution. Apparently, in these conditions, a
promising and acceptable approach for predicting the service life of reinforced concrete structures, based on
the knowledge of degradation mechanisms and the rate of degradation processes, is the use of mathematical
models in a deterministic and stochastic setting and accelerated trials.
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A. A. XPAMOTHUH, B. H. JTEBYEHKO, T. I. 3BATOPYINKO

OCHOBHBDBIE ITOJOXEHUA MPOEKTUPOBAHUNA JOJTOBEYHOCTHU
JKEJIEBOBETOHHBIX KOHCTPYKIIMUN U COOPYXEHUN

TOY BIIO «/lonbacckast HAllMOHAJbHAS aKaJeMUsI CTPOUTENBCTBA U aPXUTEKTYPBI»

AnHoTanus. Bompochl f0JTOBEYHOCTU MPUBIEKAIOT 3aMeTHOE BHUMaHUE B CTPOUTEJIBHOM MUPE.
MHoronanoBast 1pobemMa J0JrOBEYHOCTH Keae300eTOHHBIX KOHCTPYKIUN 31aHUll U COOPYKeHUI
mpeacTaBasieT co60it COBOKYMTHOCTD Psijia B3AUMOCBSI3aHHBIX MPOGJIEM, MHOTHE W3 KOTOPBIX OCTAIOTCS
HepelleHHBIMHU, B UX YHc/ie pa3paboTKa COBPEMEHHBIX METOA0B MPOrHO3UPOBAHUS HOJTOBEUYHOCTH U
pa3paboTKa MPaKTUYECKUX METOAO0B IOBBINIEHUS JOJTOBEYHOCTHU KeJe300eTOHHBIX KOHCTPYKIUT
MHKEHEPHBIX COOPYKEHUH, HAXOAANMMXCS B 9KCIIIyaTalnu. B cTaThe M310KeHbI 006IIIe BOMPOCH 1
COBpPEMEHHOE COCTOSHUE MHOTOTITAHOBON MPOBJIEMBI OJTOBEYHOCTH KeAe300€TOHHBIX KOHCTPYKITHI,
BKJII0Uasi OCHOBHbBIE MOJIOKEHUS POEKTUPOBAHUS JOJTOBEUYHOCTH Kele300eTOHHBIX KOHCTPYKIHIA,
CYIIECTBYIOLINE METO/BI €€ OLEHKH, IOHATHUS U KPUTEPUU, CBA3AHHDBIE C JJOJTOBEYHOCTHIO.

KioueBbie cioBa: J0JITOBEYHOCTD, Halle)KHOCTh, KOPPEJIAIIs, MojleJIMpoBaHue, 6e30TkasHas pabora,
Jlerpajiaius.

0. A. XPAMOTIH, B. M. JIEBUEHKO, T. I. 3BATOPYIIKO

OCHOBHI MOJOKXEHHA MPOEKTYBAHHA JOBTOBIYHOCTI
3AJIIBOBETOHHUX KOHCTPYKIIIN I CIIOPY/I

JOY BIIO «/lonbacbka HallioHaJbHa akagemiss OyAiBHUIITBA 1 apXiTeKTypu»

Awnoranis. [TutaHHs TOBroBiYHOCTI IPUBEPTAIOTH MOMITHO 3POCTAOYy yBary B OyAiBeJbHOMY CBiTi.
Baratonianosa mpobyiemMa JOBrOBIYHOCTI 3a1i300€TOHHUX KOHCTPYKILiil O6YAiBesb i CIIOPYA € CYKYIMHICTIO
Dsifly B3aEMOIIOB I3aHUX MTPOOIIEM, HAraTo 3 SIKUX 3aJIHIIAI0THCSI HEBUPIIIEHUMH, B IX YHCJIi PO3POOKA CyIaCHHUX
MEeTO/[iB TIPOTHO3YBaHHs JOBTOBIYHOCTI i po3p0oOKa MPaKTUYHUX METOIIB MiABUIEHHS TOBrOBIYHOCTI
3a1i306€TOHHUX KOHCTPYKILill iHKEHEPHUX CIIOPYII, IO 3HAXOIATHCS B eKCIIyartalii. Y craTTi BUKIageH
3arajibHi MUTAHHs i CyYacHUI cTaH AaHOi MpobJeMu, BKIIOYAI0YN OCHOBHI MOJIOKEHHS TPOEKTYBaHHSI
3aJ1i300€TOHHUX KOHCTPYKIIiH, icCHYI04i MeTo/¥ 1i OIIHKH, TIOHATTS i KpUTepil, MOB’sI3aHi 3 OBrOBIUHICTIO.

KnouoBi ciioBa: 10BroBiuHicTh, HaJiiHICTh, KOPEJIsIilisl, MOAeM0BaHH, 6e3BiIMOBHA PoOOTa, Jerpaaariis.
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Xpamorun Anekcanap Augpeesuy — maructp [OY BITO «/[onbacckas HalMOHAJIbHAS aKaJIeMUsi CTPOUTEIbCTBA U
apXUTEKTYphI». HayuHble MHTEPECH: POEKTUPOBAHIE 9KOHOMUYHBIX CTPOUTENHHBIX KOHCTPYKITMIA 1 pa3paboOTKa OMTH-
MaJIbHBIX KOHCTPYKTUBHBIX ¥ 0O0BEMHO-TLJIAHKPOBOYHBIX PEIIEHUHN TPOMBIIILJIEHHBIX 3[IaHUI U UHKEHEPHBIX COOPY KEHUIL.

JleBuenko Buxtop HukxosnaeBuY — KaHIUAAT TEXHUYECKUX HAYK, IPOdeccop, IPOPEKTOP MO HAyYHO-TIearorndeckon 1
BocuuTaresnbroli pabore TOY BIIO «/[oHb6accKas HAlMOHAJIbHASL aKa[eMUsi CTPOUTEILCTBA M apXUTEKTYPbl». HayuHble
UHTEPECHL: TIPOEKTUPOBAHNE IKOHOMUYHBIX CTPOMTEJbHBIX KOHCTPYKIUHI 1 pazpab0oTKa ONTUMAaIbHBIX KOHCTPYKTUBHbBIX U
00BEMHO-TITAHNPOBOYHDIX PEITEHNH MTPOMBITLITEHHBIX 3TAHUN U WHKEHEPHBIX COOPY KEHHIL.

3aropyiiko Tamapa UBanoBHa — goueHT kadeapsl nnoctpanbix 136108 [OY BITO «/lonGacckast HalMOHAIbHAS aKa-
JIeMUST CTPOUTENbCTBA M apXUTEKTYPbI». HayuHble MHTepechl: MeTO/IKA IIPero[aBaHsl NHOCTPAHHBIX SI3BIKOB, POJIb IIpe-
HoJaBaTesisl B y4eOHOM TIporiecce, TPOoGIeMbl BOCITUTAHUS CTYAEHIECKON MOTOIEKHL.

Xpamorin Onexcanap Auapiiiosuu — marictp JJOY BITO «/lonGachka HallioHaIbHa akajgeMist OyAiBHUITBA i apXiTeKTy-
pu». HaykoBi iHTepecu: IpoeKTyBaHHS €KOHOMIUHUX Oy i BEIbHUX KOHCTPYKIIiH i po3poOKa ONTUMATBHUX KOHCTPYKTHBHUX
i 06'€MHO-TIAHY BAJIBHUX PillleHb TPOMUCIOBUX Oy/IiBeJb Ta iHKEHEPHUX CIIOPYI,

JleBuenko Bikrop MukonaiioBuy — KaHANIAT TEXHIYHUX HAYK, TPOhECcop, TTIPOPEKTOP 3 HAYKOBO-MIEIATOTIYHOI 1 BUXOBHOI
poboru JIOY BIIO «/[onbacbKka HallioHaJIbHa akajeMist OyAiBHULITBA i apXiTekTypr». HayKoBi iHTepecu: NpoeKTyBaHHS
€KOHOMIUHUX Oy/liBeIbHUX KOHCTPYKIIN 1 po3poOKa ONTUMATbHUX KOHCTPYKTUBHUX 1 06'€MHO-IIaHYBalbHUX PillleHb
TTPOMUCJIOBUX OY/TiBEJIb Ta IHKEHEPHUX CIIOPY/L.

3aropyiiko Tamapa IBaniBHa — nouenT kadeapu inozemuux Mos [JOY BIIO «/[oHbacbka HallioHaibHa akageMis OyaiB-
HUITBA i apxiTekTypu». HaykoBi iHTepecu: MeTOIMKa BUKJIA/IAHHST iHO3EMHHIX MOB, POJIb BUKJIA/[a4a B HABYAJILHOMY TIPO-
1eci, Tpo6IeMy BUXOBAHHST CTYAEHTCHKOI MOJIOJ.
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