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Abstract. The article is devoted to solving the problem of the reliability of industrial building
structures: crane and roof beams, columns, redundant building systems. For this aim, the probabilistic
method of structural reliability estimation is developed after the criterion of bearing strength, in which the
main component of structure reliability is faultlessness. The method takes account of the random loads and
material strength, loads joint action, the specific character of work and failure elements, nodes and the
whole structure as well. For the ground of method, the large amount of statistic results on crane load is
examined for the bridge cranes of the different types. A large amount of wind and snow meteorological
data is collected for the territory of Ukraine. Stationary probabilistic model of crane load and quasi-
stationary model of the snow and mean wind load are substantiated. The most widely spread probabilistic
presentations of random loads are observed. They are as follows: stationary random process and its
absolute maxima, random sequence of independent and correlated loads, discrete presentation and
extreme model. It was deduced that the redundant structure reliability estimation is a very complicated
problem as depends upon the system complexity. The method of states, a probabilistic method of ultimate
equilibrium and logic and probabilistic method are developed for solving this problem. On the base of the
determined method, the numerical reliability computations of a wide range of industrial building structures
are realized. It is shown that the structures have quite different levels of reliability. In particular, the light
roof structures are not reliable enough being under the great influence of snow load. At the same time, the
Design Code allows over-estimation of reliability for industrial columns. The estimation of industrial
redundant structures with a different degree of redundancy is obtained on the base of developed approach.
It gave the possibility to evaluate the high safety level of redundant structures in comparison with separate
members and statically determined structures. With regard to mentioned results, it is recommended to
correct some load factors, a combination factor and a factor for model uncertainties of the Design Codes
of structures and loads.

AHHOTaumA. B ctaTbe paccMOTpeHbl BONPOCHI OLEHKM HAOEXHOCTM KOHCTPYKLUUIA NPOMbILLNIEHHbIX
Sp,aHI/II7IZ NOAKPaHOBbLIX U CTPOMUIBbHBbIX 6aJ'IOK, KOJTIOHH, CTaTh4ecKkn HeonpenenmMmMbiX KOHCTPYKTUBHbIX
cucteM. [Ins aToro paspaboTaH BEPOATHOCTHBLIN METOL OLEHKN HAOEXHOCTM KOHCTPYKUMIA MO KpUTEPULD
HecyLen cnocobHOCTM, OCHOBOWM KOTOpPOro siBnsietcs 6e30Tka3HOCTb KOHCTpyKUuMW. MeTop y4uTbiBaeT
CrnyyawHble Harpy3ku WM MNPOYHOCTb MaTepuarioB, COBMECTHOE [OEeNCTBME Harpysok, CcrneumdUyecKkui
xapaktep paboTbl U OTKA30B 3/IEMEHTOB, Y3I10B U COOPYXXEHUI B Lienom. [ns o6ocHoBaHMa MeToaa Obin
chopMMpoBaH OBLUNPHLIA 0O0BLEM CTAaTUCTUYECKUX AAHHbIX MO Harpy3kaM MOCTOBBLIX KPaHOB pa3fuyHbIX
TMNoB. bornblloe KONMMYECTBO METEOPOSIorMYeckUx AaHHbIX MO BeTpy W cHery 6bino cobpaHo ans
TeppuTopun YkpaunHbl. OBOCHOBaHbI CTaunoHapHas BEPOATHOCTHAs MOAENb AN KpaHOBOW Harpysku u
KBa3uCTauuoHapHasi MoJenb Ansa CHEroBoM U BETPOBOM Harpy3ok. PaccmoTpeHbl Haubonee
pacnpocTpaHeHHble BEPOSTHOCTHbIE MPeACTaBreHUss ClyYalHbIX Harpys3ok: CTauMOHapHbIA CrlyYanHbIN
npouecc u ero abConioTHblE MakCUMyMbl, ClydYanHasi MOCMedoBaTeNbHOCTb HE3aBUCUMBIX U
KOpPPENVpPOBaHHbIX Harpy3ok, [AWCKPETHOe MpeAcTaBieHMe W dKcTpemanbHas wmogenb. bbino
NOATBEPXKAEHO, YTO OLEHKa HaOEeXHOCTU CTaTUYeCKU HeonpeaennmbliX CUCTEM — OOCTATOYHO CIOXHas
npobnema, NOCKOMNbKY OHa 3aBUCUT OT CMOXHOCTW Takmx cuctem. [na pelweHua gaHHon npobnembl
pa3paboTaHbl MeTo4 COCTOSHMMW, BEPOATHOCTHbIA MeTo4 MpedenbHOro paBHOBECUS,  NOTMKO-
BGpOﬂTHOCTHbIVI mMmeToAa. Ha ocHoBe pa3pa60TaHHoro MeToda BbINOJIHEHbI YUCIEHHbIE pacyeTbl
HaOeXHOCTU LMNPOKOIro Kpyra CTPOUTENbHbIX KOHCprKLI,I/IVI. I'I0|<a3aHo, YTO pa3finyHble KOHCTPYKUUU
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MUMEIOT pasHbli ypOBEHb HageXHoCTW. B yacTHoOCTM, HeOQoCTaToOYHO HaAEXHbIMUM MOryT ObiTb nerkve
CTPONUIbHbIE KOHCTPYKLMM NPU AENCTBUM 3HAYUTENbHbBIX CHErOBbIX HaArpy3ok. B To e Bpemsi HOpMbI
NPOEKTUPOBAHUSA 3aKnNaabiBalOT B KOMOHHbI NMPOMBILLMEHHbIX 30aHUN U3NULLIHWIA 3anac HagexHocTu. Ha
OCHOBe pa3paboTaHHOro noaxoda BbINOMHEHbl pacyeTbl HAOEXHOCTM CTaTUYecKu Heonpeaenumbix
CUCTEM pPa3HOW CTeneHW CROXHOCTWU, KOTOpble Aann BO3MOXHOCTb OLEHWUTb MOBbILLEHHbLIN YPOBEHb
HaJEeXHOCTU TakMX CUCTEM MO CPABHEHMUIO C OTAEMNbHbLIMU 3NEMEHTaMU U CTAaTUYECKM HeonpeaenMbiMu
cuctemamu. B pesynbtate Obinu 060CHOBaHbI KO3(MUUUEHTHI HOPM MNPOEKTUPOBAHUSA, TakuMe Kak
KO3 PULMEHTBI HAAEXKHOCTU MO Harpyake, KOdPULNEHT COYEeTaHUSA Harpy3oK, KO3(MULNEHT YCNOBUN
paboThbl.

1. Introduction

The building structure reliability is the problem of a high priority today. It can be treated as a scientific
trend, which does not need both material and financial expenses.

The eminent scientists created the classic works in building reliability [1-3], numerous foreign and
native scientists were involved in the study of this problem [4—12]. The general probabilistic models of wind,
snow and crane loads can be considered as a statistic basis of reliability estimation of industrial building
structures. Loads of bridge cranes were considered in [13], the description of the wind load was
summarized in [14]. Active researches of the wind load proceed the last years [15-17]. The analysis of
snow load was resulted in [18], the influence of global temperature rise on the snow load is analyzed in
work [19]. In different countries, systematic researches of climatic influences are conducted with the
purpose of Codes correcting [20]. The perspective model is a correlated casual sequence of loads (based
on the method of the generalized covariance, developed by A.P. Kudzis [21]). The linearizing of the
functions of random parameters worked out in work [22]. However, these approaches lack both systematic
analysis and model comparison, which can cause different results in structure reliability design.

The probabilistic computation of structures has not been developed with regard to joint loads
application, their real distributions, and frequency characteristics. At the same time, active studies of
probabilistic models for concrete elements proceed the last years [23], in particular, the initial reliability of
reinforce-concrete elements was defined [24]. However, the estimation of reliability is yet absent for many
buildings and structures. The problem of reliability continues to be probed [25-30] and expects further
investigations and solutions. The exploitation experience demonstrated the existence of quite different
reliability of various structures. The reliability of existing structures has to be examined together with the
reliability of elements (sections) as well as nodes [31-33]. The assessment of a redundant structure safety
is rather a difficult task. In spite of many studies that have been done the problem of reliability analysis of
these structures has not been solved yet.

As follows from the preceding, the evolution of reliability computation theory and design Codes of
building structures are still of interest because of the complexity of a problem on the one hand and on the
other of the ignoring the random loads.

The article is devoted to solving the problem related to the assessment of the reliability of industrial
building structures: crane and roof beams, columns, redundant building systems. This task deals with the
developing of the general method of reliability estimation of industrial building structures after the criterion
of bearing strength, in which the main component of structure reliability is faultlessness. At such
interpretation the estimation of structure reliability includes the decision of the following questions:
probabilistic description of loads; mechanical descriptions of materials, joints and other random
parameters; reliability estimation of elements of building structures; calculation of reliability of the structural
systems taking into account the possible character of their failure; quantitative estimation of reliability of
buildings and structures of the different setting.

2. Methods

It was put and decided the complicated and difficult task of formation of the generalized probabilistic
models of crane and atmospheric loads. The decision was based on sufficient statistical material, took into
account the specific features of the different loads, type of their distributions and frequency structure.

The stochastic model of the crane loads was built as a result of experimentally statistical researches.
The vertical and horizontal loads were investigated for bridge cranes with rigid and flexible hanged cargo
of different carrying capacity and regimes which were exploited in the conditions of metallurgical and
machine-building shops from 10 to 30 years of service. The generalized numerical and frequency
descriptions of the crane loads were grounded and the possibility of application for them of normal low was
substantiated (Figure 1, d). The special attention in model experiments was spared lateral forces of bridge
cranes.
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The systematic information about the wind velocity measurements done with ten minutes average
at 70 Ukrainian meteorological stations were used as an initial data. The mean value of wind load is of
guasi-stationary origin with the constant frequent parameters and normalized distribution. For the
description of ordinate density of wind mean value Veibull's law was used, for wind dynamic value the
normal distribution was based. Having integrated some initial data all necessary mean parameters of
probabilistic wind models were determined for territory of Ukraine.

The results of regular snow measurements for 15-40 years at 62 Ukrainian meteorological stations
have been taken as the reference statistic material for the snow probabilistic model. It is substantiated that
the ground snow load is of a quasi-stationary origin. Its mathematical expectation and standard have a
seasonal trend. At the same time snow frequent characteristics and normalised ordinate distribution remain
constant during the season. For its description it was first applied polinomo-exponential distributing
(Figure 1, b). In future in PoltNTU there were executed the researches of deposits of snow on coverages
with the overfalls of heights, the estimation of influence of roofs heating descriptions on the value of the
snow load, the calculation of the snow load on the cold roofs of buildings with the positive internal
temperatures of air.
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Figure 1. Distributions of random arguments:

a — durability of steel; b — snow load; ¢ —wind load; d — crane load; e — composition of polinomo-
exponential and normal distributions; f — difference of polinomo-exponential and normal
distributions; g — composition of Veibull’'s and normal distributions;

h — difference of Veibull's and normal distributions

The systematic analysis of random loads was realized for the six most commonly used probabilistic
models. The main one is presented in the form of a stationary (crane load) or quasi-stationary (wind and
snow loads) random processes (Figure 2, a, pos.1); their parameters are an effective frequency @ and

the coefficient of trend K, which accounts the atmospheric load season change.

The absolute maxima of random process are one of simpler model; they are determined by the tail
part of the distribution of outliers and are higher then characteristical maximum level y,. The letter is a

solution of the following equation N (7; 0 <7 <t) =1, where N, (-) —the number of outliers of random
process.

The model in the form of a random sequence of independent random loads with the intensity A is
widely spread (A —the number of loads in per-unit time t/1 ). For discrete presentation of loads (Figure 2,a,

pos. 2) the frequent parameter of which is the mean duration of overloading A connected with the intensity
by theratio A=t, /1.

The analysis of the problem has demonstrated that the load values sampling can be classified as
the exponential type. That's why their maximum values can be presented correctly by the extreme double
exponential Gumbel distributions of a normalized type:

y:an(y_un)' (1)
where U, — characteristic extremum; « — extreme intensity; y = —In[—In F(t)] — Gumbel distribution
argument.

The normalised load level was taken into account y = (X - X)/X , where x — the load ordinate, X —
mathematical expectation, X — standard deviation.

The choice of models of loads depends on a specific of solving probabilistic problems: the more
complicated ones are solved in the manner of random processes which, however, are difficult for
description and take much more computation time. More accessible and simple models, mentioned earlier,
are based on the random values and corresponding frequent characteristics and provide not less exact
solution if they are proper grounded. In particular, all the examined models are close to its sense of the
following evaluation:

_of Ok f0) o el tE=FON _
Q(t)_ m - f(ﬂ/o)_ﬁt[l F(}/)]— K —[I’(l p)+p][1 F(}/)]., (2)
where Q(t) — probability of exceeding ¥ — level during t; F(t)and f(;/) — accordingly integral and

differential functions of load distribution; r — amount of calculation cuts of casual sequence of loads;
p —generalized coefficient of correlation of sequence.

Load probabilistic comparison can be well performed at the extreme scale which is illustrated in
Figure 2, b. On the axis of ordinate of a scale the standardized load is laid off, on the axis of abscissa the
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Gumbel’s distribution argument Y is laid of which is connected with the load return period T . Gumbel's

distribution (1) is described on the scale in the form of straight lines. The models of a random process, a
random sequence of independent loads and discrete presentation are introduced as different curves. The
main advantage of this scale is its visual effect of the tail parts of the load distributions which have rather
small distinctions in the usual form of presentation. It enables to present the visual comparison and
correspondence of parameters of different load models.

b al
Y
[ —1 X My My Aty A1, 2
vt} 1
jéi}__g—'/_ ,,,,,,,,,

LT ... it} S AR USSR NN NN AN NN ASUNRRR, i

o I 1 R g

] . E A f

= |
—

R L

o=y = A 7

MQJW 1,

I
B=|

(o =115/ ?.:n_?x

s =n3y /L =r3A

Figure 2. Presentation of random load:
a —realization of random process: 1 — model of continuous process; 2 — discrete model;
b —general form of load presentation

A model of random processes, without regard to its relative complication, is for today most studied,
the model of absolute maximums of random processes also enabled to get interesting scientific results. It
should be noted that other perspective models, the especially random sequences of independent and

correlated overloads, and also discrete presentation of loads, are less studied and recommended for the
use in subsequent researches of loads.

The worked out random parameters give possibility to develop the reliability estimation of building
structures.

3. Results and Discussion
3.1. Reliability estimation of building structures in the technique of random values
The failure of an element takes place when a stochastic stress under the joint applied loads S(t) (t-
time) exceeds the resistance of an element R(t). The failure of the element is defined by the equation
Y (t) =R(t)-S(t) <0, (3)
where Y(t) — margin function of load carrying capacity.

The probabilistic technique of random values without the account of time factor is applied in this
section. The technique is grounded at the action of loads with little change in time (dead and some

technological loads) or those which have non-permanent character. Then the margin function will be written
down as

Y=R-S <0. 4)

Mathematical expectation and standard mean deviation of margin function are determined as for a

linear function:
Y=R-S:Y=yR%+82. (5)

The safety characteristic is of great importance and is derived from equation

B=Y1Y =(R-5)/(R?+S?)"?, 6)
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where Y_, §,S_ — the corresponding mathematical expectations,Y,R,S — the corresponding standard
mean deviations.

This characteristic determines probability of structural failure

QY <0)=Fy (0)=Fy (7 - A7), ™

where Fy () — an integral function of margin function distributing.

In the case of normal distribution f (Y) the safety characteristic is very convenient:

Q(Y <0)=05-@(), P(Y 20)=05+a(p). ®

Here d)(ﬂ) — the well-known function of Laplace contained in widespread statistical tables.

The element resistance and margin function of the load carrying capacity (3) are generalized by the
function of a few arguments:

Y = (X1, X2, Xp)-
In general case this function can be nonlinear, and for simplification of calculations, its linearizing is
often executed with replacement of initial expression the linear function:

_ oY _ _ & _
Y = (X1, Xz X )+ Z oX; (X1, X2, X X3 = Xi) =¥ + 3 Di (X - X ) ©)
i=1 i=1

In the calculations of reliability the linearizing is executed near the mathematical expectation of
function, here the angular coefficient of entered line is determined by the partial differentiation of initial
function on the proper argument. Error in determination of Y as a result of linearizing for (8) it is possible
to estimate the following expression:
N o o oo
— (X1, X5, X)X
— OX 2

Here Xi — dispersion of i - argument.

AY ==

N |-
L=

At insignificance of this error a formula for determination of mathematical expectation (9) is simplified
and taken to the substitution of mathematical expectations of arguments in an initial function:

Y_(Xl,XZ,...,Xn)= f()?i,)zz,...,)?n). (20)
Standard deviation of the margin function is determined, in the case of independence of arguments,
from equation:

Y =4V = (11)
Error of this expression as a result of linearizing is estimated as follows
2 2
22\ 1022 - oY o~ oo
AY = A(Y ) 3| S (X, X X)) | X2+ 2 | o= (X1, X s X)) | XX (12)
22 oX 2 i j| OXioX |

3.2. Practical reliability estimation of structure elements

In quality an example we will consider the reliability calculation of reinforced concrete beams with
carbon-plastic external strengthening. For the receipt of reliability estimations we will use the worked out
reception with the substitution of probabilistic parameters in the deterministic decisions of durability of
reinforced concrete beams. Taken into account thus, that most random arguments of the margin function
of load carrying capacity of reinforced concrete beams can be reasonably described by a normal law, in
particular, durability of concrete, armature, carbon-plastic, and also row of loads (dead, technological, crane
etc.).

Random value of maximum bend moment which is perceived by a beam with a double armature:
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My =f (&b,&s, &SC) =0, A (h0 —0.5>~<)+ G A (0.5)? — a’), (13)
where: 5'b —random value of concrete resistance to the compression for the limit states of the first group;

0~ random value of the armature durability to tension; A— section area of the stretched armature;
ogc —random value of concrete resistance to tension; Ag— section area of the compressed armature;

a’'— distance from resultant effort in the compressed armature to the compressed verge of element;
ho — calculation height of section; X — height of the compressed zone of concrete, equal

X = (&sAs _550%)/5bbv
where: b — width of section.

We put expression for X in a formula (13):

5 - ., 05, _ - N2
|Vlult :O-sAshO_o-scAsa _& b(o_sAs_GscAs) . (14)
b

We have the mathematical expectation of limit moment putting the expected values of casual
arguments in this common expression.

We will define coefficients for the calculation of standard of limit moment:

oM ‘ , ]
Dsc =a—u“=i[_0bba +(osAs —oscAS )] (15)
O-SC O-bb
oM '
D = aal:t ) C;A:b [oheb— (oA — oA, ) | (16)
oM 0.5 2
D — ult — _ ! .
b 50'b ng (O-SAS GscAs) (17)

The numerical values of coefficients we get, putting the expected values of random arguments in
these expressions.

The standard of limit bend moment is determined as

3 ~ 2 ~ )2 ~ )2

Murt =\/(Db(7b) +(DsUs) "‘(Dsc(fsc) . (18)
For the reliability estimation of beams we determine a safety characteristic, having in this case next

kind:

p= (M ult = Meay )/Mult * (19)
where: M, — calculation value of external bend moment in a beam.

Farther we will consider a beam strengthened by carbon-plastic (FAP). Random value of the limit
bend moment, perceived by an increased beam:

My =f (&b,&s, O+ Oty ) =01, A (h - 0.5)~() +0 A (h0 —0.5)~() +O A (0.57(— a'), (20)
where: & ¢, —random value of durability on tension of FAP; A¢ —area of section of carbon-plastic armature;
h — height of section; X — height of the compressed zone of concrete, equal

X=(GfuAt +GsAs —Gsc At )/Gpb.
We put expression for x in a formula (20):

. - ~ o 05/ ~ ~ At
My =6 Ath+6,Ahy -6 Aa _E(O_quf +O A _Usc&)
b

Mathematical expectation of limit moment we get, putting the expected values of random arguments
in this expression.

2
: (21)

We will define coefficients for the calculation of standard of limit moment:

[Muyrun C.®. Ouenka HaIe)KHOCTH KOHCTPYKLNI IPOMBIIUICHHBIX 3aHni // IHXKEeHepHO-CTPOUTENLHBIH KypHaJL.
2018. Ne 7(83). C. 24-37.

30



Magazine of Civil Engineering, No. 7, 2018

A
Piu = aal\iij: :a_bfb[abhb—(oquf +oshs ~ oA | (22)
Dyc zaal\i—it:aib’b[_ abba’+(aquf +05As —ascAé)]; (23)
D, :%:i[o-bhob_(o-quf +o A _O-scAs’c)]; (24)
do, oyb
D, = —aa'\:l;;“ = %[(O‘fu Ai +o A _O-scAs'):|2 ' (25)

The numerical values of coefficients we get, putting the expected values of random arguments in
these expressions.

The standard of limit bend moment is determined as

7 A ~ )2 ~ 2 ~ )2

Murt :\/(Dfuo'fu)z +(Dpop )” +(Dsbs )" +(DscFisc ) - (26)
For the reliability estimation of beams, we determine a safety characteristic utilizing formulae (8),

(19) and the function of Laplace.

Application of the got results is illustrated on a numerical example with a reinforce-concrete beam.
Abeam has section sizes b=300mm, h=700mm, external calculation bend moment is

M, = 500 kNm. After the above-mentioned formulae, numerical descriptions of maximum moment of

beam are Mult =762.7 kNm, M, =29.92 kNm. The safety characteristic in relation to the calculation

Ci

value of external bend moment in a beam makes £ = (762.7 — 500) / 29.92 = 8.78, that answers the low
probability of beam failureQ(ﬂ) =4.0 - 10-%°. Farther on the terms of example, a beam is loaded with the
increase of calculaton moment to M/, =750 kNm. The safety characteristic here is diminished
substantially /= (762.7 — 750) / 29.92 = 0.42, the probability of failure Q (ﬂ) = 0.337 becomes too high,
that testifies to the accident rate of beam and necessity of its strengthening.

The strengthening of the beam is one layer of carbon-plastic fibre with width 250 mm, thickness 1.4

mm, area section of strengthening A; =350 mm?2=3.5 cm?. Calculated durability of carbon-plastic fibre is

R, =1071 MPa. Numerical descriptions of maximum moment of beam are increased -

~

M, = 991.0 kNm, M,
heightened external bend moment in a beam makes = (991.0 — 750) / 35/5 =6/ 79, the probability of

it =35.5 kNm. The safety characteristic in relation to the calculation value of

failure of the increased beam Q(ﬂ) = 1.3 101 is substantially below than failure probability of beam

without strengthening. The got estimation of failure probability testifies to sufficient reliability of beam and
efficiency of its strengthening of carbon-plastic fibre.

The analysis of results of reliability calculation of the increased beam confirmed the validity of
application for this purpose the described higher linearized probabilistic model, as an insignificant error is
here assumed: - 0.12 % for the mathematical expectation of maximum moment and 0.43 % for its standard.

For elements which perceive a multicomponent dead load a stochastic model as a sum of random
values allows to enter the reducing coefficient of combination y = 0.90...0.95. It allowed also estimating
the reliability of linear part of main pipeline and faultlessness of bearings and non-load-bearing structures
from steel of the thin-walled types.

The compositions of sums and differences of loads and strength should be done for several loads
and for design of margin of carrying capacity (4). Convolution formulae are used for this purpose.

Y
Y=Xp+Xp, f(Y)=[f(X1)f2(Y = Xq)dXq;
0
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o0
Y=X1-Xa, f(Y)= [fa(Xg)f2(Xg-Y)dXy. (27)
—00
They cannot be determined in a closed form for the mentioned distributions and therefore numerical
integration is adopted. The convolutions are transformed (presented in an unified comparable form) for the
design simplification and their parameters are combined. From 13 received analytical expressions of

convolutions, only the formula for difference of normal and arbitrary fz(z) density distributions is
suggested

f exp(—0.5E° | f dz, 28

()= J—I (-05E%) f,(2) (28)

where: ¥ = (Y —Y_)/YA standardised variable; E=D-y+2z/p; D=+1+p?; P =Xy /Xy
=X,/ Xy;

Vi — parameters of the normal distribution, X — standard deviation of arbitrary

n ’
distribution, Z; = 7\/1+ p p/V — lower limit of integration, Z, — upper limit of integration which is
determined with the account of necessary calculation accuracy.

The examples of joint distributions based on the proposed formulae are presented on the
Figure 1, d—g. They can be non-symmetrical and differ considerably from the normal distribution in
solutions of structural reliability problems. Without the account of this factor the estimation of structure
reliability can have noticeable inaccuracy.

3.3. Reliability estimation of structure elements with the account of time factor
The loads are presented in the form of stationary and quasistationary random processes. Hence the
Y (t) -function is a random process as well. Therefore the element failure is a projection of random process

of the load carrying capacity margin (3) into the negative region. In this case the probability of failure Q(t)
is estimated as follows

Qlt)= g fy (B)t/(B,27), (29)
where: g and fY (,B) — the effective frequency and density of the distribution of the random process V(t)

ordinate; S, —the coefficient of structural complexity of the random process Y (t) which takes into account

the spectrum of frequencies of the real loads; t — the work time of element (different from his term of
service).

The solving of the problem (29) demands the presentation of the frequency characteristics of
summary random processes of loads and Y (t) Frequency description of load connection, presented in

the form of quasistationary random processes is determined as
1
1

@12 =—2[(w1 Kirr)? + (w0 K - Ktr2)2F ' (30)
V1i+K

where: @y, @, , @y, — effective frequencies of separate random processes and their sum; K =X, /% —a
relation of standards of loads which are composed; Kyr1, Kir2 — trend coefficients that take into account
the slow seasonal changes of the atmospheric loads.

The frequency analysis of the composition of the random loads are constantly investigated by
scientists [34, 35].

It is necessary to underline that the investigated random loads are substantially differed on
frequency, it is evidently shown their realization (Figure 3, a,b) and also substantially different spectral
densities (Figure 3, d). Effective frequencies of random processes of various loads are differed

considerably: for crane loads @, = 1700 - 5160 1/day, for wind ones @, = 5.4 - 6.6 1/day, for snow
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loads @, =0.073 — 0/141 1/day. Therefore the joint action of several loads becomes multifrequent
(Figure 3, c).

This peculiarity can be defined in the formula (29) by the coefficient of structural complexity of the
random process f3,, which equals the ratio of mean frequency on maximum @y, to the effective frequency

on zero a)q:

oy [KY@-k@]” _g-larktetasd)]”?
g K@) a+k?-0?)

where: K(O), K(O) K"Y (0) — random process correlation function and its derivatives with zero

P (31)

argument; [ — structure complexity coefficient of separate loads; k =X,/X,; ® = @,/ ® - standard
deviations and effective frequency proportion of summed up random loads.

In accordance with equation (31) the frequency composition analysis can be realised if the load
random process is differentiated sufficiently many times. For the atmospheric and crane loads the

coefficient of structure complexity differs negligibly from f; = 3. As a result of substantial difference of
frequencies of loads, this coefficient of their composition can be considerable.

If the effective frequency of one of the loads prevails and @ is large, then formula (31) is simplified
as follows:

By =BA+kHY2 1K, (32)

Crane beams as well as crane trestle structures can be treated like elements under only crane load.
We will examine general stress of these elements without local effects and fatigue. In this case the

probability of structure failure Q(t) depends on the ratio of a load stress of one bridge crane X, to the

load stress of two bridge cranes X, then on the ratio of a load carrying capacity of cranes to their mass

and it also depends on crane work condition. The analysis showed that elements have a deficient reliability
in the case of the one crane loads dominance. In the rest cases the elements reliability under crane loads
is sufficient. In some cases the design crane load on structures can be decreased: if the approach of a

loaded crane trolley to a crane track is limited or if the structure service term T is also limited.

The reliability of structures (beams, trusses) under snow load was estimated by a developed method.
The calculation demonstrated the lack of reliability of these structures. That justifies the idea of understating
of existing snow loads in the norms of SNiP, which operated on territory of Ukraine to 2006 year. Besides
this fact validates the causes of steel truss failures. It applies to steel structures with lightweight roofs in
the southern districts of Ukraine when there is much snow in winter. The increasing of snow design load
for 1.5-2 times for our region can solve the reliability problem of steel structures under snow load. It was
executed in national Code in Ukraine DBN V.1.2:2-2006 "Loads and influences". The reliability of steel
roofs under snow load is constantly probed by the specialists of different countries [36].

XL a) | S(@ d)

! Crane w=71 1/ hour

A [ 1 § Wind =516 ey

: . | - it
“. X._m c/ . \

A - “”"-.':L_ T : 1

1 _ el l Snow o =0.073 Vi

il F lilli il Vv @ 1/day

i 0 0.5 1.0 1.5 2.0 2.5 3.0

Figure 3. To the estimation of frequency of load composition
a — high-frequency component; b — low-frequency component; ¢ —total randoml process;
d —comparison of the load spectral densities
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Structure elements under wind load designed in accordance with the existing code (glass elements,
wind protection screens etc.) are of sufficient reliability. So if the service term of these elements will be

limited it is possible to introduce the temporary coefficient y; < 1 for the design wind load. It is
recommended to introduce the increasing coefficients of combination y = 0.7 —0.9into the structure
design under snow, wind and crane loads.

The special attention was spared the evaluation of reliability of steel beam-column structures. Time
factor, existing loads, random steel strength were taken into account during computation process of these
elements. Existing steel columns of industrial buildings in a broad range of parameters were examined.
The general conclusion is as follows: the reliability of steel columns of industrial buildings is quite sufficient.
In quality tasks for subsequent researches it is possible to name the search of direct probabilistic decisions
of tasks of compressed elements and subsequent development of probabilistic version of method of finite
elements.

3.4. Reliability analysis of structure nodes and redundant systems

It was founded out that reliability of typical structure nodes could be compared with the schemes of
successive connections of correlated elements. Thus, the node reliability depends upon the number of
engaged independent load carrying elements.

Some beams and simple frames, as well as multi-storey and multi-span structures of industrial and
residential buildings present the redundant structures. Redundant structure failures occur after some
member failures in the form of transmission to different workable states. Thus, the redundant structure
failure estimation is a very complicated problem as depends upon the system complexity. lllustration of it
is a multibranch graph of the states of twice statically indefinite system (Figure 4, a). The complete
estimation of the failure probability of elastic-plastic redundant systems with random durability and loading
was got as a result of application of probabilistic method of limit equilibrium. A method allows, walking
around the transient states of system, directly to examine the reliability of the last (true) mechanism of
failure of the system (Figure 4, b). Corresponding formulae are derived; the algorithms and computing
programs are developed. The estimation of a wide range of industrial redundant structures with different
degree of redundancy was obtained on the base of this approach. It gave possibility to evaluate the safety
level of redundant structures in comparison with separate members and statically determined structures.

This level can be taken into account introducing the additional coefficient of work condition y, =1.1 - 1.4.

I s,

Figure 4. To the reliability estimation of redundant structures:
a —graph of the states of twice statically indefinite system; b —true mechanism of frame failure

Among questions, connected with the estimation of reliability of redundant systems, which remained
unsolved, it follows to name formalization and translation on personal computer of method of the states
and logic-probabilistic method, and also classification of redundant system elements, after the criterion of
reliability. This direction becomes especially actual in connection with development of scenarios of failures,
guestions of vitality and progressive failure of buildings [37-39].
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4. Conclusions

1. The reliability analysis of wide range of structures designed in accordance with existing Design
Codes is examined in the article. Considered structures of industrial buildings are as follows: crane and
roof beams, columns, redundant building systems.

2. This analysis exposes that the structures have quite different levels of reliability. It is shown that
the light roof structures are not reliable enough being under the great influence of snow load. At the same
time, the Design Code allows over-estimation of reliability for steel columns and redundant structures.

3. For the achievement of the put aim, the practical method of reliability analysis of structural
elements is worked out. This method takes into account real load distributions and frequency
characteristics.

4. The general probabilistic models of wind, snow and crane loads were designed and taken as a
statistic basis of reliability estimation. These models are as follows: stationary and quasi-stationary random
processes, its absolute maxima, random sequences of independent and correlated loads, discrete
presentation and extreme model.

5. The simplest method of structure reliability estimation is realized in the technique of random
values. Reliability estimation of reinforced concrete beams with carbon-plastic external strengthening is
presented as an example.

6. Substantial results are got in the probabilistic techniques of random processes. It is important to
notice that correlation functions and effective frequencies of random processes of various loads differ
considerably. Therefore the joint action of several loads becomes multi-frequent. This peculiarity can be

defined by the structure complexity coefficient B, which equals the ratio of mean frequency on maximum
to the effective frequency on zero.
7. There is confirmed that redundant structure failure estimation is a very complicated problem as

depends upon the system complexity. The method of states, a probabilistic method of ultimate equilibrium
and logic, as well as a probabilistic method is developed for solving this problem.

8. With regard to mentioned above, it is recommended to correct some load factors, a combination
factor and a factor for model uncertainties of the Design Codes of steel structures and loads.

References NurepaTtypa

1. Streletskiy N.S. Osnovyi statisticheskogo ucheta 1. Crtpeneukui H.C. OcHOBbl CTaTUCTM4ECKOro Yy4yeTa

koeffitsienta zapasa prochnosti sooruzheniy [Bases of the KoaphMumeHTa 3amaca MpPOYHOCTU COOopYKeHun. M.:

statistical account of constructions safety factor]. Moscow: Crtponnspart, 1947. 92 c.

Stroyizdat. 1947. 92 p. (rus) 2. PxaunusiH  AP.  Teopus pacuyeTa  CTPOUTENbHBIX
2. Rzhanitsyin, A.R. Teoriya rascheta stroitelnyih konstruktsiy KOHCTPYKUUA Ha HagexHocTb. M.: Ctpomusgar, 1978.

na nadezhnost [The theory of calculation of building 239 c.

structures reliability]. Moscow: Stroyizdat. 1978.239p. (fus) 3. Bglotin V.V. Statistical methods in structural mechanics.
3. Bolotin, V.V. Statistical methods in structural mechanics. San Francisco: Holden Day.1969. 276 p.

San Francisco: Holden Day. 1969. 276 p. 4. Freudenthal A.M. The Safety of Structures // Proc. ASCE,
4. Freudenthal, A.M. The Safety of Structures. Proc. ASCE. 1947. Vol. 112. Ne 1. Pp. 125-180.

1947. Vol. 112. No. 1. Pp. 125-180. 5. Benjamin J.R. Cornell C.A. Probability, Statistics and
5. Benjamin, J.R. Cornell, C.A. Probability, Statistics and Decision for Civil Engineers. New York: McGraw-Hill. 1970.

Decision for Civil Engineers. New York: McGraw-Hill. 1970. 684 p.

684 p. 6. Thoft-Christensen P., Baker M.J. Structural reliability theory
6. Thoft-Christensen, P., Baker, M.J. Structural reliability and its applications. Berlin: Springer. 1982. 267 p.

theory and its applications. Berlin: Springer. 1982. 267 p. 7. Augusti G., Baratta A., Casciati F. Probabilistic methods in
7. Augusti, G., Baratta, A., Casciati, F. Probabilistic methods structural engineering. London: Chapman & Hall.1984.

in structural engineering. London: Chapman & Hall.1984. 583 p.

583 p. 8. Ditlevsen O., Madsen H. Structural reliability methods.
8. Ditlevsen, O., Madsen, H. Structural reliability methods. Chichester: John Wiley. 1996. 372 p.

Chichester: John Wiley. 1996. 372 p. 9. Elishakoff I. Probabilistic Theory of Structures. New York:
9. Elishakoff, I. Probabilistic Theory of Structures. New York: Dover Publications.1999. 502 p.

Dover Publications,1999. 502 p 10. Raizer V. Reliability of Structures. Analysis and Application.
10. Raizer, V. Reliability of Structures. Analysis and USA: BACKBONE Publishing Company. 2009. 146 p.

Application. USA: BACKBONE Publishing Company. 2009. 17 fgpenumyTep A.B. U3bpaHHbie npobrembl HaaexXHOCTH 1

146 p. 6e30MacHOCTM CTPOUTENbHBIX KOHCTPYyKUuiA. 3-e  um3f.,

11. Perelmuter, A.V. lIzbrannyie problemyi nadezhnosti i nepepab. n gon. M.: N3g-Bo ACB, 2007. 256 c.
bezopasnosti stroitelnyih  konstruktsiy [The selected
problems of building structures reliability and safety].
Moscow: |zdatelstvo ASV, 2007. 256 p. (rus)

12. MuuyrmH  C.®. HapexHOCTb CTamnbHbIX  KOHCTPYKLUIA
NpoM3BOACTBEHHbIX 3aaHuin. M: M3g-so ACB, 2011. 456 c.

Pichugin, S.F. Reliability estimation of industrial building structures. Magazine of Civil Engineering. 2018. 83(7).
Pp. 24-37. doi: 10.18720/MCE.83.3.

35



W H:keHepHO-CTPOUTENbHBIN KypHaa, Ne 7, 2018

12.

13.

14.

15

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

[Muyrun C.®. Ouenka HaIe)KHOCTH KOHCTPYKLNI IPOMBIIUICHHBIX 3aHni // IHXKEeHepHO-CTPOUTENLHBIH KypHaJL.

Pichugin, S.F. Nadezhnost stalnyih  konstruktsiy
proizvodstvennyih zdaniy [Reliability of industrial building
steel structures]. Moscow: lzdatelstvo ASV, 2011. 456 p.
(rus)

Pichugin, S. Analysis of bridge crane loads on industrial
buildings. XLIV Konferencja Naukowa KILIW PAN i KN
PZITB. Tom VII. Poznan-Krynica, 1998. Pp. 171-178.

Pichugin, S. Probabilistic analysis on wind Load and
reliability of structures. Proc. of the 2 EACWE. Vol. 2.
Genova. Italy. 1997. Pp. 1883-1890.

. Kinash, R.l.; Huk, J.S. Geographical altitude coefficient

utilisation for wind gust loading determination in the
mountainous terrain of the Transcarpathian region.
Technical Transactions, Civil Engineering. 2015. No. 2.
B/2015. Politechnika Krakowska: Krakow. Poland.
Pp. 83-89.

Kwon, D.K., Kareem, A., Stansel, R., Ellington, B.R. Wind
load factors for dynamically sensitive structures with
uncertainties. Engineering Structures. 2016. Vol. 103.
Pp. 53-62.

Baravalle, M., Kéhler, J. On the probabilistic representation
of the wind climate for calibration of structural design
standards. Structural Safety. 2018. Vol. 70. Pp. 115-127.

Pichugin, S. Probabilistic description of ground snow loads
for Ukraine. Snow Engineering. Recent Advanced and
Developments. Rotterdam: A.A.Balkema. 2000.
Pp. 251-256.

Ledovskoy, I.V. Trend snegovyih nagruzok na grunt pod
vliyaniem globalnogo potepleniya klimata [Trend of the
snow loading on ground under influence of the global
warming of climate] Stroitelnaya mehanika i raschet
sooruzheniy. 2012. No. 4. Pp. 71-76.

Fikke, S.M., Nygaard, B.E.K. Assessing environmental
actions from modern meteorology. Technical Transactions.
Civil Engineering. 2015. No.2. B/2015. Politechnika
Kracowska: Krakow. Poland. Pp. 405-415.

Kudzys, A.P. Otsenka nadezhnosti zhelezobetonnyih
konstruktsiy [Reliability estimation of reinforced concrete
structures]. Vilnius: “Mokslas”. 1985. 156 p.

Cornell, C.A. Bounds on the reliability of structural systems.
Journal of the Structural Division. ASCE. 1967. Vol. 93. No.
ST. Pp. 171-200.

Liang, J., Ding, Z., Li, J. A probabilistic analyzed method for
concrete fatigue life. Probabilistic Engineering Mechanics.
2017. Vol. 49. Pp. 1-32.

Moiseenko, R.P. Nachalnaya nadezhnost
zhelezobetonnyih elementov [Initial reliability of reinforce-
concrete elements] Stroitelnaya mehanika i raschet
sooruzheniy. 2016. No. 2(265). Pp. 66-70.

Gromatskiy, V.A. O nekotoryih metodah veroyatnostnogo
rascheta nadezhnosti konstruktsiy [About some methods of
probabilistic calculation of reliability of constructions]
Stroitelnaya mehanika i raschet sooruzheniy. 2016.
No. 2(265). Pp. 61-65.

Krakovskiy, M.B. Povyishenie nadezhnosti
zhelezobetonnyih konstruktsiy pri raschetah po neskolkim
programmnyim kompleksam [Increase of reliability of
reinforce-concrete constructions at calculations on a few
programmatic complexes]. Stroitelnaya mehanika i raschet
sooruzheniy. 2016. No. 5(268). Pp. 45-49.

Rayzer, V.D. Analiz nadezhnosti konstruktsiy pri iznose
nesuschih konstruktsiy [Analysis of structure reliability at
the wear of load carrying structures]. Stroitelnaya mehanika
i raschet sooruzheniy. 2013. No. 6(251).
Pp. 16-20.

Perelmuter, A.V., Pichugin, S.F. Ob otsenke uyazvimosti
stroitelnyih konstruktsiy [About an estimation of building
structures vulnerability]. Magazine of Civil Engineering.
2014. No. 5(49). Pp. 5-14. doi: 10.5862/MCE.49.1

2018. Ne 7(83). C. 24-37.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Pichugin S. Analysis of bridge crane loads on industrial
buildings // XLIV Konferencja Naukowa KILIW PAN i KN
PZITB. Tom VII. Poznan-Krynica. 1998. Pp. 171-178

Pichugin S. Probabilistic analysis on wind load and
reliability of structures // Proc. of the 2 EACWE. Vol. 2.
Genova. Italy. 1997. Pp. 1883-1890.

Kinash R.l., Huk J.S. Geographical altitude coefficient
utilisation for wind gust loading determination in the
mountainous terrain of the Transcarpathian region //
Technical Transactions, Civil Engineering. 2015. Ne 2.
B/2015. Politechnika Krakowska: Krakow. Poland.
Pp. 83-89.

Kwon D.K., Kareem A., Stansel R., Ellington B.R. Wind load
factors for dynamically sensitive structures  with
uncertainties // Engineering Structures. 2016. Vol. 103.
Pp. 53-62.

Baravalle M., Kéhler J. On the probabilistic representation
of the wind climate for calibration of structural design
standards // Structural Safety. 2018. Vol. 70. Pp. 115-127.

Pichugin S. Probabilistic description of ground snow loads
for Ukraine // Snow Engineering. Recent Advanced and
Developments. Rotterdam: A.A.Balkema., 2000.
Pp. 251-256.

IlepoBckon W.B. TpeHa CHeroBbix Harpy3oK Ha rpyHT nog
BMNMsiHMEM rnobarnbHoro notenneHust knumata // CTp. Mex
n pacyet coopyx. 2012. Ne 4. C. 71-76.

Fikke S.M., Nygaard B.E.K. Assessing environmental
actions from modern meteorology // Technical
Transactions. Civil Engineering. 2015. Ne 2. B/2015.
Politechnika Kracowska: Krakow. Poland. Pp. 405-415.

Kyasuc A.. OueHka HageXHOCTUM erne3o6eTOHHbIX
KOHCTpYyKUMiA. BunbHioc: Mokcnac, 1985. 156 c.

Cornell C.A. Bounds on the reliability of structural systems
/I Journal of the Structural Division, ASCE. 1967. Vol. 93,
Ne ST. Pp. 171-200.

Liang J., Ding Z., Li J. A probabilistic analyzed method for
concrete fatigue life // Probabilistic Engineering Mechanics.
2017. Vol. 49. Pp. 1-32.

MowuceeHko P.M. HavanbHas HadeXHOCTb
ene3obeToHHbIX anemeHToB // CTp. MeX 1 pacyeT COOpyX.
2016. Ne 2(265). C. 66—70.

pomaukuii B.A. O HekoTOpbIX MeToAax BEpPOSITHOCTHOIO
pacyeTa HafeXHOCTU KOHCTpyKumii // CTp. mex un pacyet
coopyx. 2016. Ne 2(265). C. 61-65.

KpakoBckuii M.B. MoBbIWweHne HaOEeXHOCTH
XKene3obeTOHHbIX ~ KOHCTPYKUMMA  Mpu  pacyetax Mo
HECKONbKMM MporpamMmHbiM komnnekcam // Ctp. mMex u
pacyeT coopyx. 2016. Ne 5(268). C. 45-49.

Pawnzep B.[. AHann3 HagexXHOCTW KOHCTPYKLMI NpU U3HOCE
HeCyLUMX KOHCTPYKUmi // CTp. Mex n pacyeT coopyx. 2013.
Ne 6(251). C. 16-20.

Mepenbmytep A.B., MNMuuyrnH C.®d. O6 oueHke ya3BMMOCTH
CTPOUTENbHbIX KOHCTPYKUMIA // IHXEeHepHO-CTpOUTENbHbIN
XypHan. 2014. Ne 5(49). C. 5-14.

Knumosuy B.H., MNapbes K.B.HageXHOCTb KOHCTpyKUuUM
3aWwuTbl  OT pa3mbiBOB AHa BOMM3n nnatdopmbl
«MpupeyHasny» // IixxeHepHO-CTpouTenbHbIv xypHan. 2017.
Ne 7(75). C. 52—65.

Wupenkun A.B., YmxkoB C.B., Lllectakosa E.B., AHTOHIOK

AA., Kynarmi H.U., CwmwmpHoB B.H., Kaprnos B.B.,
FonuupiHcknd - O.M.  TpubnuxkeHHble MeToabl OLEHKM
HaeXHOCTN 6anoYHbIX NponeTHbIX CTPOEHMIA

KENe3HOAoPOXHbIX MOCTOB // VIHXEHEepPHO-CTpOUTESbHbIN
XypHan. 2017. Ne 7(75). C. 150-160.

WMcxakos L.LL., Kosanes ®.E., Backesny B.M., PbixukoB
B.KO. OueHka HagéxHOCTM aKcnnyaTaumum 34aHuA U
COOPYXXEHUA MO MEeTOAMKaM BO3HUKHOBEHWSI pucKa WX
HepaboToCnoCOBHbIX COCTOSIHUM 1 WHxeHepHo-
cTpouTenbHbIv XypHan. 2012. Ne 7(33). C. 76-88.

36



Magazine of Civil Engineering, No. 7, 2018

29.

30.

31.

32.

33.

34.

35.

36.

37.

38

39.

Klimovich, V.I. Pariev, K.V. Reliability of scour protection
design near the platform «Prirazlomnaja». Magazine of Civil
Engineering. 2017. No. 7(75). Pp. 52-65.
doi: 10.18720/MCE.75.5

Indeykin, A.V., Chizhov, S.V., Shestakova, E.B., Antonyuk,
A.A., Kulagin, N.J., Smirmov, N.V., Karpov, V.V.,
Golitsynsky, D.M. Approximated method of estimation of
the reliability of framed railway structures of railway bridges.
Magazine of Civil Engineering. 2017. No. 7(75). Pp.150—
160. doi: 10.18720/MCE.75.15.

Ishakov, Sh.Sh., Kovalev, F.E., Vaskevich, V.M., Ryizhikov,
V.Yu. Otsenka nadezhnosti ekspluatatsii zdaniy i
sooruzheniy po metodikam vozniknoveniya riska ih
nerabotosposobnyih sostoyaniy [Estimatiing reliability of
buildings and structures according to the methods of the
risk of unserviceability]. Magazine of Civil Engineering.
2012. No. 7(33). Pp. 76-88.

Pryadko, Yu.N., Muschanov, V.F., Bartolo, H., Vatin, N.I.,
Rudneva, I.N. Improved numerical methods in reliability
analysis of suspension roof joints. Magazine of Civil
Engineering. 2016. No. 5(65). Pp. 27-41.
doi: 10.5862/MCE.65.3

Kowal, Z. Influence of the bearing capacity and reliability of
connections and nodes on the bearing capacity and
reliability of complex bar structures. Proc. of the XIII Int.
Conf. on Metal Structures (ICMS2016). Rotterdam:
Balkema. Pp. 202—-203.

Mori, Y., Kato, T., Murai, K. Probabilistic models of
combinations of stochastic loads for limit state design.
Structural Safety. 2003. Vol. 25. No. 1. Pp. 69-97.

Dimitrov, N. Probabilistic model for multi-axial dynamic load
for wind turbines. Engineering Structures. 2016. Vol. 117.
Pp. 239-249.

Derek, L., Kozak, A.B.L. Reliability of steel roof structures
under snow load. Structural Safety. 2015. Vol. 54.
Pp. 46-56.

Thai, H.T., Uy, B., Kang, W.H., Hikc, S. System reliability
evaluation of steel frames with semi-rigid connections.
Journal of Constructional Steel Research. 2016. Vol. 121.
Pp. 29-39.

. Tao, Y.R., Cao, L., Cheng, G.Q., Huang, Zh.H. Safety

analysis of structures with probability and evidence theory.
International Journal of Steel Structures. 2016. Vol. 16.
No. 2. Pp. 289-298.

Dehtyar, A.S. O vozmozhnosti progressiruyuschego
razrusheniya [About possibility of progressive failure].
Stroitelnaya mehanika i raschet sooruzheniy. 2017.
No. 6 (275). Pp. 2-6.

Sergii Pichugin,
+3(8050)591-77-28; pichugin.sf@gmail.com

32. Mpspko HO.H., MywaHoe B.®., bapTtono X., Batud H.U.,
PyaHeBa U.H. YcoBeplueHcTBOBaHME YACNOBbLIX METOAOB U
pacyeTa y3rnoB BUCSYMX KOHCTpyKummn [/ UHxeHepHo-
cTpouTenbHbIN XypHan. 2016. Ne 5(65). C. 27-41.

33. Kowal Z. Influence of the bearing capacity and reliability of
connections and nodes on the bearing capacity and
reliability of complex bar structures // Proc. of the XIII Int.
Conf. on Metal Structures (ICMS2016). Rotterdam:
Balkema. Pp. 202—-203.

34. Mori Y., Kato T., Murai K. Probabilistic models of
combinations of stochastic loads for limit state design //
Structural Safety. 2003. Vol. 25. Ne 1. Pp. 69-97.

35. Dimitrov N. Probabilistic model for multi-axial dynamic load
for wind turbines // Engineering Structures. 2016. Vol. 117.
Pp. 239-249.

36. Derek L., Kozak A.B.L. Reliability of steel roof structures
under snow load // Structural Safety. 2015. Vol. 54.
Pp. 46-56.

37. Thai H.T., Uy B., Kang W.H., Hikc S. System reliability
evaluation of steel frames with semi-rigid connections //
Journal of Constructional Steel Research. 2016. Vol. 121.
Pp. 29-39.

38. Tao Y.R., Cao L., Cheng G.Q., Huang Zh. H. Safety
analysis of structures with probability and evidence theory
/I International Journal of Steel Structures. 2016. Vol. 16. Ne
2. Pp. 289-298.

39. flextapp  A.C. O BO3MOXHOCTM MPOrpeccupyoLLero
pa3pywenusa // Ctp. mex n pacuyeT coopyx. 2017. Ne
6 (275). C. 2—-6.

Cepeeli ®edoposuu MuyyauH,
+3(8050)591-77-28;
an. noyma: pichugin.sf@gmail.com

© Pichugin, S.F., 2018

Pichugin, S.F. Reliability estimation of industrial building structures. Magazine of Civil Engineering. 2018. 83(7).
Pp. 24-37. doi: 10.18720/MCE.83.3.

37



	Reliability estimation of industrial building structures
	Оценка надежности конструкций промышленных зданий
	1. Introduction
	2. Methods
	3. Results and Discussion
	3.1. Reliability estimation of building structures in the technique of random values
	3.2. Practical reliability estimation of structure elements
	3.3. Reliability estimation of structure elements with the account of time factor
	3.4. Reliability analysis of structure nodes and redundant systems

	4. Conclusions




