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Abstract. The article is devoted to the development of methods for calculating the reli-
ability of elastic systems with random parameters-specifically components of building struc-
tures and machine parts-based on static models. Currently, probabilistic approaches are ac-
tively replacing traditional calculations based on allowable stresses and limit states, becom-
ing the foundation of modern structural design codes. Within this framework, system failure
is treated as a random event, and reliability as the probability of failure-free operation. De-
spite technological advancements, the problem of evaluating structural reliability under ran-
dom loading remains highly relevant due to increasingly complex operating conditions and
the rising responsibility of engineered systems. The scientific novelty of this study lies in the
following: Approximate analytical expressions for determining the reliability and durability
of elastic systems have been derived for the first time, simultaneously accounting for the ran-
dom nature of both variable stress amplitudes and the material endurance limit. A new en-
gineering methodology for the probabilistic calculation and design of multi-element mechan-
ical systems has been proposed, explicitly incorporating the effect of dependent element fail-
ures, which distinguishes it from classical models based on independent events.In contrast to
the author's previously published baseline principles, this study synthesizes and adapts fa-
tigue failure theory for practical engineering design, establishing explicit relationships be-
tween static reliability models and multi-factor random structural parameters. The methods
and mathematical formulations developed in this paper have been refined into streamlined
engineering algorithms, providing a practical foundation for the reliable design of complex
load-bearing systems.
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Auwpatma.  Makana — cmamukanvlk — yaeineynepee — HezizoenceH  KYPblLIblC
KOHCMPYKYUANApLl  YWIH — 2NeMenmmep MeH Mawuna OenueKkmepiniy — Ke30eucokK
napamempiepi oap cepnimoOi icylienepoiy ceHiMOiniein ecenmey 20icmepiH OaMblmMbiN
arcemindipyee apuanean. Kazipei yakeimma sy oHcana bIKMUMALObIK MaCiloep 3aManayu
KYPbLIbIC HOPMATAPLIHLIY He2i3iHe AliHania OMbIPbIn WeKmMIK KepHeylep MeH WeKmi pyKcam
emineen Kyunep MeH aca2iaunap OouuviHwa oacmypii ecenmeynepdi OeiceHOi mypoe
vimovicmoulpyoa. Ocvl wlewiMHiy asacblHOA JiICYUeHiy ICmeH wbldybl Hemece OY3bliybl
Ke30elcoK OKU2a peminoe Kapacmulpbulidodvl, Al CEeHIMOLNIK OOUbIHULA HCYMbIC icme)y
BIKMUMATIObIRbL peminoe Kapacmuipbliaovl. Yaxvim OoublHuA 632epMelimin dcyKmemenepi
MeH Kacuemmepi 6ap xcyuenep YuiH CMAamuKkanivlk yiacineynep muimMoi manoay Kypansl
bonbin mabwviaosl. TexHuKaHvly dHcemindipiniyine Kapamacmaw, Ke30elcok JicyKkmemenep
aCepiHeH KOHCMPYKYUALApOblY CeHIMOINICIH b6aganay maceneci HulcaHOapObl NAt0ANaHy
AHCAR0AUNAPLIHLIY KYPOeTIeHYIHe JHCIHE JHCAy anKepuliiikmiy ecyine 6aiianbicmol ome 63eKmi
bonvin Kana bepedi. 3epmmeyoiy blIbIMU HCAHAIBIEbL Keaecioel 00nadvl: Anzauksl Ooabin
cepnimoi Jucytienepoiy ceHimoiniei MeH Y3aKmMep3iMOLNiciH aHbIKMAatmvlH AHATUMUKATBIK
mayendinikmep  aiblHObl, COHbIMEH Oipee 01 Mamepuanidvly AUHbIMAILL  KEepPHE)Y
AMIIUMYOAchl Kepcemeoi HcoHe MO3IMOLNIK we2iHiy Ke30elcoK cunamvii eckepeoi.
Toyenciz  orcazoatinapsbl  KIACCUKANLIK — CXeMANApOaH — KYpalivln — epeKulesienemin
neMeHmmepoiy mayendi iCmeH UIbIRYbIHbIY ICEPIH ecKepe OmbIPblN, KOn J1eMenmmi
MEXAHUKANBIK dHcylienepoi blIKMUManioblk ecenmey MeH HcoOanayovly HcaHa UHHCEHepIiK
a0icmemeci YCblHbLIObL JiCIHe Kemipindi. ABmopoviy OYpbiH Hcapusaiazan 6a3anvlk mypoezi
epedicenepoer ablpMAauibliblebl, OY1 HCYMbICIMA NPAKMUKATLIK dHcobanay ecenmepi yilin
Kaoicyobl 00N0bIPMAY MEeOPUACHL JHCATNBLIAHEAH JHCIHe OelimOenin KeamipineeH, ConblMeH
Kamap cCmamuxaivlk CeHIMOLNIK Yacinepi MeH KYpblibiMOapObly KON (hakmop.ivl Ke30eltcoxK
napamempiepi apacvblHOa auKblH KAMbIHACMAPMeH Keamipiny aneaul pem aHblKmaiean.
Maxanaoa xenmipineen 20icmep MeH QOPMYIANAP  UHHNCEHEPNIK — aleopummoepee
JHcemKizinee, Oy Kypoeui HCyKKKmep2iul scyienepoi CeHimoi Hcodbanay yulin npakmuKaibly
Hez2i3 Kypatiovl.
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Aunnorauus. Cmambvs nocésuena pazeumuio Memooos paciema Ha0e’HCHOCIU YNPYeux
cucmem Co CIy4auHbIMU NAPAMEMpPamu J1eMeHmMo8 CMpOUmeibHbiX KOHCIMPYKYULL U Oema.etl
MAWUH Ha OCHO8e CMAamuyeckux mooenell u demanei. B nacmoswee epems eeposimnocmmobie
Memoovl U NOOX00bl AKMUBHO BbIMECHAIOM MPAOUYUOHHBIE PACHembl N0 OONYCKAeMbIM
HANPSIJICEHUsIM U NPE0eIbHO - OONYCIMUMBIM COCMOSHUIM, CMAHOBACL OCHOBOU COBPEMEHHBIX
CMpOUMENbHbIX HOpM U npasuil. B pamkax smoco nooxoda omka3z cucmemsvl
paccmampusaemcsi Kak CaydatHoe coovlmue, a HAOEHCHOCMb U YCMOUYUBOMb - KAK
8epoAmMHOCMb 6e30MKA3HOU pabombl. [[is cucmem ¢ HEUSMEHHbIMU 80 8PEMEHU GHEUHUMU
Haepyskamu U CEOUCMBAMU  IPHEKMUSHLIM —UHCMPYMEHMOM —AHAAU3A  6bICHIYNAIOM
cmamuyeckue mooenu. Hecmomps ma coeepuiencmeogaHue mexHuKku, npoobiema oyeHmKu
HAOENHCHOCMU U YCMOUYUBOCIU KOHCMPYKYULL NPU CIVYAUHBIX HASPY3KAX 0CMAemcsi Kpatke
AKMYanbHOU U3-3A YCIONCHEHUS. YCNOBULL IKCHIYAMayuu U pocma OmeemcmeeHHOCmu
06vexmos. Hayunas HO8U3HA OAHHO20 UCCIE008AHUS 3aKTIOHAEMCsl 8 cledyioujem: Bnepevie
NOLYYeHbl NPUOTUNCEHHbIEe AHATUMUYECKUEe 3a8UCUMOCMU 01 ONpedeNeHUsl HA0eHCHOCMU U
00J1206€4UHOCMU YNPYSUX CUCTEM, OOHOBPEMEHHO YYUMblealowjue CIyYatuHblil Xapakmep KaxK
AMAIAUMYObL NEPEMEHHbIX HANPANCeHUll, MmaK u npeoeid GblHOCIUBOCMU Mamepuand.
Ipeonooicena HOBast UHIICEHEPHASL MEMOOUKA BEPOSIMHOCIIHO20 PACYema U NPOEKMUpOBaAHUs
MHO20INEMEHMHBIX MEeXAHUYECKUX CUCTeM, YYUMblearowds 3@PGexm 3a6Ucumbix 0mKaA308
J/IeMeHmos, Ymo omiauuaem e€ om KIACCUYECKUX CXeM C He3asUCUMbIMU coObimusamu. B
omauyue om paree OnyOIUKOBAHHBIX ABMOPOM DA308bIX NOJONCEHUU 6 HACMOosWel pabome
0000WeHa u a0anmuposana meopusi YCmaioCmno20 paspyuweHus 0 NpakmudecKux 3a0ay
NPOEKMUpOBaHuUs, a MaKdxice 6nepevle YCMAHOBIEHbl SBHLIE B3AUMOCEAZU  MEHCO)
CMamuyecKkumu MOOEIAMU HA0EHCHOCU U MHO2O(DAKMOPHBIMU CLYYAUHBIMU NAPAMEMPAMU
KoHcmpykyuti. Paspabomannsie 6 cmamve memoovl u Gopmynvl 008€0eHbl 00 UHHCEHEPHBIX
aneopummos, 4mo co3zo0aem HNPaAKmMuyecKylo OCHO8Y OJisl HAOENCHO20 NPOeKMUPOBAHUs.
CILOJCHBIX HECYWUX CUCTEM.

KitroueBble c10Ba: HA0EHCHOCMb, YNpyaue CUCIMeMbl, HANPANCEHHOe COCMOsAHUE, Npeoeil
NPOYHOCIU, 00I208EYHOCHIb.
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1 INTRODUCTION

Reliability analysis of elastic systems-ranging from civil infrastructure components to complex
mechanical assemblies-has fundamentally shifted from traditional deterministic methods (such as al-
lowable stress design and semi-probabilistic limit state approaches) to advanced structural reliability
theory. In modern engineering, reliability is defined as the time-dependent or static probability of
failure-free operation under uncertain operational environments. While standard code-based proba-
bilistic approaches account for safety margins via partial safety factors, they often fail to capture the
complex, multi-source stochasticity inherent in real-world operating conditions. Despite recent ad-
vances in fatigue and structural reliability assessment, several critical limitations persist in contem-
porary probabilistic models: Over-simplified Loading Models: Most current analytical methods eval-
uate random fatigue loading assuming stationary or uncoupled stress amplitudes. However, under
combined random loadings, determining the exact joint probabilistic characteristics of induced
stresses remains an analytical challenge. Uncertainty in Material Parameters: Existing endurance limit
models typically treat fatigue strength parameters as deterministic or uncoupled from loading varia-
tions. Relationships for evaluating reliability under arbitrary combinations of probability distributions
(governing both acting stresses and material endurance limits) are still largely missing or restricted
to narrow empirical bounds. Multi-Element Systems and Dependent Failures: Conventional system-
level reliability models frequently rely on the assumption of statistically independent element failures.
In complex elastic structures, failure events are inherently correlated due to shared stress fields and
load redistributions-a phenomenon that standard engineering algorithms fail to model efficiently.
Lack of Practical Engineering Tools: While complex Monte Carlo simulations can solve high-dimen-
sional stochastic problems, they are computationally prohibitive for routine design optimization.
There remains a distinct lack of explicit analytical and approximate algorithms tailored for complex
stress states and stability boundary analysis. Research Gap: Consequently, a clear scientific gap exists
between general probabilistic safety concepts and computationally efficient, analytical reliability
models. Existing approaches do not provide an integrated framework capable of handling simultane-
ous random variations in stress amplitudes, material endurance limits, and dependent multi-element
failure modes without resorting to resource-intensive numerical simulations. Objective and Tasks: To
address this gap, this study aims to develop and refine analytical methods for evaluating the reliability
and long-term durability of elastic systems with random parameters under complex static and fatigue
loading conditions. To achieve this objective, the following specific tasks are pursued: Derive explicit
approximate analytical equations for assessing fatigue reliability and service life, accounting for joint
random variations in variable stress amplitudes and endurance limits. Formulate a probabilistic cal-
culation methodology for multi-element elastic systems that explicitly incorporates dependent failure
mechanisms. Establish a simplified, computationally robust engineering algorithm for the preliminary
design and reliability verification of mechanical systems operating under complex stress states [1].

2 MATERIALS AND METHODS

Considering that for many machine parts and structural components the limiting state is taken
as the state of failure due to fatigue, the fatigue curve is represented by the following relationship.
The fatigue curves of most materials can be described by the following relationship,

N < N, when S'N = R™ Ny; N > Ny when N = oo, (1)
where m — is a material constant;
R_; - endurance limit of a laboratory specimen;
N, - baseline number of cycles;

S, - amplitude of a fully reversed stress cycle;
N - number of cycles to failure.
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For specific machine parts, instead of R_;, the endurance limit of the part R; = R_; JK_; is
used, calculated with consideration of the overall endurance limit modification factor. For a non-sym-
metric stress cycle, instead of S, the amplitude of the equivalent fully reversed stress cycle is used

Snp =Sa+ Wo/K_1)Sm. (2)

Where R_; - endurance limit of a laboratory specimen;
S, - amplitude of a fully reversed stress cycle;
W, — the material sensitivity coefficient.
Here, the material sensitivity coefficient to cycle asymmetry is determined by the following
formula

Yo = (2R_1 — Ro)/R,. (3)

where R_; - endurance limit of a laboratory specimen;
S, - amplitude of a fully reversed stress cycle;
ws — the material sensitivity coefficient.

For carbon steels 1, = 0,1 + 0,2; and for alloy steels 1, = 0,05 = 0,35.

In the case of a complex stress state, instead of S,, the amplitude of the equivalent stress is
used, determined according to one of the failure criteria [3, 7]. Thus, in the general case, the fatigue
curve can be written as follows:

N < Ny when N = No(Ry/S,)"; N > Ny when N = oo, (4)

when experimentally determining the fatigue curve, a large scatter of experimental data is observed.
Due to this significant scatter, a large number of specimens must be tested, and a complete probabil-
istic diagram is constructed. The analytical description of this diagram may vary, but the following
expression has the strongest theoretical justification:

_ S—R_1\% (N-No\P
F=t1-en|- (52 ()] ®
where a, 8, N, S; are distribution parameters determined from experimental data.

The probabilistic diagram can be represented as a family of fatigue curves in S — N coordinates
corresponding to different failure probabilities P; or as lifetime distribution curves in P — N coordi-
nates corresponding to different stress levels S; finally, it may also be represented as curves P — o
coordinates corresponding to different service lives N.

The dependence S — N is usually plotted for P = 0,5 and represents the median value of the
endurance limit. Sometimes it is constructed for a specified reliability level P = H, and used in the
design of components with a prescribed reliability.

Studies [4, 2] have shown that the distribution of the number of cycles to failure is well de-
scribed by a logarithmically normal law. The most important relationship for reliability calculations
is the latter dependence P — R, that is, the distribution law of the endurance limit corresponding to
different test bases. Numerous experimental data indicate that this dependence can be assumed to
follow either a normal or a lognormal distribution. To obtain experimental data on the distribution of
the endurance limit, tests are carried out at a baseline number of cycles. By processing the test results,
the empirical distribution function F (R_,) is obtained (probity method), or the numerical distribution
characteristics R_;, oz are determined (staircase method).

In calculating the reliability of machine parts, it is necessary to know the probabilistic charac-
teristics of fatigue strength, taking into account the factors that influence the endurance limit of actual
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components. Testing a large number of full-scale parts is practically unrealistic. Therefore, computa-
tional methods for transferring the results of specimen tests to full-scale components are of excep-
tional importance. Such capabilities are provided by the statistical theory of similarity in fatigue fail-
ure. As the principal similarity criterion, the ratio of the perimeter L of the critical L/G, or its most
highly stressed part, to the relative gradient G of the first principal stress in this section is considered.
The quantity L/G is proportional to the stressed volume in which crack initiation is possible. The
definition of this quantity can be found in the specialized literature [4].

According to this theory, the distribution of the endurance limit of a component f5 (Rg) is ap-
proximated by a normal law under the condition that it coincides with the initial lognormal distribu-
tion of the random variable S,,,,, U, obtained from the original Weibull law, at two points - at the
probabilities 0.5 and 0.997. Here, S, 1s the maximum stress in the component, and U is the mini-
mum value of the endurance limit. In this case, the median value R, and the coefficient of variation
kRg of the endurance limit of the component are determined by the following formulas [4].

Ry = eR_1(1+1); kg, =0,5(1—107%)1/(1+1D), (6)

1-¢ 1 L\?
where | = °°(—-—) ,
oo 883 G

v - is an empirical coefficient,
£ - scale factor for large-sized components,

o - the standard deviation of the logarithm of the quantity S — U.

Formula (6) provides the possibility of accurately describing the regularities of fatigue failure
in components with different geometric shapes and loading conditions by selecting these three pa-
rameters and the mean endurance limit value of the specimen R_;. In approximate calculations, the
values €, = 0,5, v = 0,1, 0 = 0,045 + 0,05 are taken as; for structural steels, and o = 0,05 = 0,06
for alloys.

To calculate the reliability of a component with respect to fatigue failure, it is necessary to know
the distribution law of the amplitudes of the design stresses f(S). At the design stage, for simple
loading cycles, this distribution can be determined by transforming probability density functions or
by solving problems of statistical dynamics. Thus, if the stress represents a harmonic process with a
random amplitude, or a narrow-band stationary Gaussian process, the probability density function of
the amplitude follows the Rayleigh distribution.

f(8) = (S/ad)exp(=5?/2 03), (7

where o¢ - stress variance, S — design stress.

At the design stage, the probabilistic characteristics of the load are usually specified. In this
case, by solving the problem of statistical dynamics, the correlation function or the spectral density
of displacements is determined, and subsequently those of the design stresses. Then the distribution
law of stress amplitudes can be obtained using the method of maxima, applying Rice’s formula for
the maxima of a Gaussian random process [6, 5, 11].

3 RESULTS AND DISCUSSION

The loading characteristics can be obtained by simulation modeling or by full-scale strain-gauge
measurements during component testing. From the oscillogram or the stress sample, an array of ran-
dom amplitudes S; is generated, and a histogram is constructed. Next, the most appropriate theoretical
distribution law for the amplitude is selected.
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If the stress is random not only in amplitude but also in the asymmetry coefficient, the process
must first be schematized. The purpose of this schematization is to obtain the distribution function of
stress amplitudes that is equivalent to the given random process in terms of the amount of fatigue
damage produced. Methods of schematization include the methods of maxima, ranges, and full cy-
cles. It is generally accepted that the method of full cycles provides the most acceptable results. In
this method, a framework of a correlation table linking the extrema of each stress cycle is constructed
based on oscillograms. The actual process is then replaced by an equivalent symmetric process with
random amplitudes, and a histogram is constructed from this sample. A theoretical distribution law
for the amplitude is then selected based on this histogram. A detailed scheme of the implementation
of this method and the corresponding calculation formulas can be found in [5, 8, 10].

If the stress is a stationary Gaussian process, the following expressions can be used to determine
the probability density function of the amplitudes [6, 5]

kiSexp(—kéa?S?/2) S<S.
f8) = { g g2 . ®)

o CSexp(—S-/2) S$<S,

where k - the initial ratio of the mean number of extrema to the mean number of zero crossings,
S - design stress.
a=+2(a+3b)/ab; C =k, exp(52/2); S, = .[alnk,/k,. 9)
To determine a and b, the following two equations are used:
-a/b _ 4 _ ab _ 1,—(a+b)/b] _ __ab __ 1,(a+3b)/b

ko =1 2ko(a+b) [1 ko ] = ko {1 2(a+3b) [1 ko ]} (10)

where k - the initial ratio of the mean number of extrema to the mean number of zero crossings,
S — design stress.

The graphs and tables of the dependence of the parameters on k are presented in the work [6].

Let us consider the calculation of reliability with respect to fatigue strength under regular ran-
dom loading. In this case, the reliability is equal to the probability that the random amplitude of the
design stresses does not exceed the random value of the endurance limit, or its value corresponding
to a limited number of cycles. The general solution to such problems, as well as the solutions for
various combinations of applied and limiting stresses, was given in the previous section. Thus, for
the normal distribution law of limiting and applied stresses, the reliability is equal to

H = &(t), (11)
here t=(ny—1)/ [nfki, +ki ny=Ry/ms, krg = Org/Rg, H — system reliability.

Using expression (4), we obtain
N > Ny when ny = R;/ms =ny; N < Ny when ny = ng(No/N)™. (12)

where N, - baseline number of cycles,

N - number of cycles to failure.

These formulas make it possible to calculate the distribution function of the component’s ser-
vice life, that is, the dependence of reliability on the lifetime N.
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The determination of reliability with respect to fatigue failure will be carried out using the cor-
rected linear damage accumulation hypothesis, according to which the condition for fatigue failure
after N cycles has the following form

a=N/Np(S), (13)

where Np(S) - S the number of cycles to failure at the given stress level.

For random variations of stress, taking into account expression (4), we have

£ 4 m
=N [ 5dS = Rmf S™f(S)dS; (14)
a= [ [ " 2 SHS)ds Jay 2 f(S)dS = Ry 2] /(Sm = Ry2). (15)

Under block loading of components, f(S) is determined for the block, while N = Av,; is the
number of loading cycles in the block, and A is the number of blocks. Here, S, is the maximum
amplitude value, which can be obtained by specifying the probability that this value will not be ex-
ceeded, Hg,,. Then S,,, is determined as the root of the equation

Sm
Hg, = f_oof(S)dS =F(Sp), (16)
That is, S, is equal to the quantile of the distribution corresponding to the probability H,.

To calculate the coefficient a using expression (15), we introduce the following notations:
U= fR‘:/Z S£(S)dS a5 fR g/2 f(S) dS, x = Rg/O-Sa b = S,/0s (17)

and we write it as a = (U — x¢/2)/(b — x/2). If the result of the calculation gives a < 0,2, then
a = 0,2 should be set equal to.
Now, from equation (14), the service life (resource) of the component can be determined

N = aNo RI*/I (18)

where
= f,f;" S™F(S)dS. (19)

The integrals (17) and (19) can be evaluated using the tabulated P (x, n) distribution (Pearson
distribution) y2. In the work [4], expressions are given for the integral (19) with an infinite upper
limit for various distributions f(S). Using these results, the following expressions for integrals (17)
and (19) can be obtained. Rayleigh distribution

I/RM = 2™2r (1 +m/2) [Q(x¢, m + 2) — Q(b%, m + 2)]/x3; (20)
=yJn/2Q (x§/43)/Q (x5/4.,2), (21)

here Q(x,n) =1 — P(x,n) - failure probability,
P —probability of failure-free operation.

The right tail of the normal distribution:
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I/R‘;n = zm/ZF[(m +1)/2] [Q(xg,m +2)— Q(bz,m + 2)]/\/W, 22)
U= \/T[/Z Q (Xg/4,2)/Q (Xg/‘l-,l), b = Sm/O-S; Xo = Rg/O'S- (23)

where Q —failure probability,
P —probability of failure-free operation.

Exponential distribution
I/RF* =T'(m+ 1) [Q(2xp,2m + 2) — Q(2b,2m + 2)]/xg"; (24)
U=0Q(x0,4)/Q (x0,2); b=Sy/05; x9= Rg/o's- (25)

In these formulas, I' (1) - is the complete gamma function, Q —failure probability.

If the endurance limit is a random variable, then in all formulas it should be replaced by its
median value Ry - Rg. Then, using expression (18), the mean service life of the component can be
determined.

To calculate reliability, from equation (18) we determine the threshold value of the endurance
limit R,, which corresponds to a service life of N cycles and the specified loading. If the actual en-
durance limit R, exceeds R,, then the component will not fail within N cycles. Consequently, the
reliability of the component with respect to fatigue failure is equal to the probability of this event and
is determined by the following expression

H=P(Ry>R.) = [ fa(Rg)dRy = 1 —d(y), (26)
here y = (R* - Rg) / ag; @ - the tabulated distribution function of the normal law.

The transcendental equation (18) is solved either graphically or using a computer. For practical
calculations, it is useful to construct in advance a plot of the dependence of x, on N /N, for various
materials and loading conditions

N/Ny = aRg'/I = f(xo,m,b). (27)

Graphs of such dependencies for the truncated normal distribution of stress amplitudes at m =
9 and various values of b are shown in (Figure 1). Similar graphs for the Rayleigh distribution of
stress amplitudes at b = 4 and different values of m are shown in (Figure 2).

To determine the threshold value R, for the material of the component under the given loading
(m, Ny) and the specified service life (b, f(s )), the value N is obtained from the graph, and R, = x,05
is subsequently determined from it. Then, using formula (26), the fatigue reliability of the component
is calculated. The results obtained in this section were published by the author in the article [9].

Approximate methods for calculating the reliability of elastic systems. The proposed method is
based on replacing an arbitrary complex distribution law of the design stress with a weighted sum of
normal distributions in the form of expression

fs =X Pifui §) =X P fu(my, 7). (28)
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Figure 1 - Graphs for determining the threshold value of the endurance limit under the truncated normal amplitude dis-
tribution [Authors’ material].
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Figure 2 — Graphs for determining the threshold value of the endurance limit under the Rayleigh amplitude distribution
b = 4 [Authors’ material].

The specific form of the formulas for calculating the reliability of elastic systems depends on
the distribution law of the limiting stress. For a normal distribution law, applying formulas n =

mg/mg and (28), we obtain
mpr—m;

H=P ®(t), t; = . (29)
‘} i i i [—a§+ai2
If the limiting stress is distributed according to the Weibull law
f(.X') = JTj/a)(x - xO)b_leXp[_(x — Xp )b/a] npux = Xo ; (30)
f(x)EO npu x < xg.
Then one can make use of tﬁe results from.
>
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Then P = ®(t,) + J. Taking the above relationship into account, we obtain the following expression
for calculating the reliability

H =0 P [®(t) + Jil, (31)
where the integrals J; are determined by the expression | = \/% ) Ooo exp[—yﬁ — (Ay + t5)?%/ 2] dy.

The expression for determining the probability of failure-free operation when the limiting stress
follows a gamma distribution is obtained from formula P = (C/v2m) ffzo e t*/2dt = Co(t,), and

takes the form
H=Y",P C ®(t), (32)

Vi 83t texp(a-28a+67 /2
here a=a +0,5, & = 0;/B, t; = —(8 +mi/o; — 2Va)/V2, C; =" za/zilp/g:;(a/2+a3/4) :

If the distribution law of the limiting stress is given in the form of a histogram or has a complex
form, it can also be represented as a composition of normal distributions

fr :Z}n=1PRj fH(ij'O-Rj)- (33)
In this case, using formula n = my/mg, we obtain

_ Mgj—mg;

H=Z?=1Z}n=1PSiPRj(D(tij)o tij = (34)

o3 j+052~i

The approximate methods also include the graphical method for determining the probability of
failure-free operation. This method is used when there is no justification for assuming any specific
distribution law for stress or strength, but a sufficiently large volume of experimental data is available.
Let us introduce the following notations

G = [ fa(R)AR = 1 — Fr(S), H=["_f(S)ds=Fs(0). (35)

Then dH = f5(S)dS. It is obvious that the values of H lie within the interval from O to 1.
Substituting these expressions into formula H = P = f_Roo fs(S)ds = Fs(R) , we obtain P = fol GdH.

This expression shows that the reliability is equal to the area under the curve of the dependence
of H on G. Using the available data on strength and stress, estimates of Fz(R) and Fg(S) can be deter-
mined, and tables or empirical curves of these estimates can be constructed. Then, for various values
of S;, the desired functions can be easily obtained

Gi=1- FR(Si)’ H; = Fs(Si)- (36)

Using these points, the dependence of H on G can be easily constructed. The area under this
curve, taken from the graph, gives the desired probability. The number of publications on this relevant
topic in scientific periodicals and conference proceedings continues to grow [17, 18, 19, 20, 21].

Example. Ten measurements of stress were performed under simulated operating conditions.
Based on these data, the stress distribution function Fg was estimated. During the strength analysis of
the element, 14 strength values were obtained, on the basis of which the strength distribution function
was estimated. All the data are presented in (Table 1).
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Table 1 - Distribution functions of strength [ Authors’ material].

Ne Stress S, MPa Fs Strength R, MPa Fg
1 207.5 0,1 338 0,07
2 236 0.2 343 0.14
3 245 0,3 354 0,21
4 265 0,4 359 0,28
5 265,5 0,5 360 0,35
6 275 0,6 362 0,43
7 292 0,7 368 0,5
8 300 0,8 370 0,57
9 337,5 0,9 371 0,64
10 375 1,0 373 0,71
11 - - 382 0,78
12 - - 385 0,85
13 - - 400 0,93
14 - - 420 1,00

Using these data, we construct the empirical curves Fs(S) and Fi(R). By specifying various
values of S;, we obtain from the graphs the corresponding values of Fg(S;) and Fg(S;). We then deter-
mine G;, H; and construct the graph of the dependence H G. A direct measurement of the area under
this curve gives the reliability, which was found to be equal to 0.988.
ernization of building structures of various facilities under probabilistic loads with respect to fatigue
failure, the reliability of the system must be preserved.

4 CONCLUSIONS

1. Based on the statistical laws of fatigue failure, formulas for determining the reliability of
fatigue resistance have been obtained.

2. On the basis of the statistical characteristics of fatigue cracking and failure, improved meth-
ods have been developed for calculating the durability and reliability of structural components and
machine parts subjected to random cyclic loading.

3. For various combinations of the distribution laws of design and limiting stresses, relation-
ships have been derived that account for the connection between the geometric characteristics of the
structure and its reliability index.

4. Based on the development of probabilistic methods for evaluating the reliability of elastic
systems, problems of determining the load carrying capacity of compressed flexible rods, taking into
account groups of random factors, have been solved.

5. This paper improves the results presented in studies [1, 2, 6, 9, 10, 13].
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