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ABSTRACT

In accordance with the basic assumptions of the European design
standards (Eurocodes), currently in use in the territory of the Republic of
Belarus, it is proposed to carry out the design of building structures, made
of different materials, belonging to the same reliability class with the same
target value of the reliability level (or with the same degree of reliability),
expressed in the permissible values of the reliability index or equivalent to
it the probability of failure. However, the practical implementation of this
idea involves a very large number of problems. The study is devoted to the
analysis of reliability levels and equivalent to them probabilities of failure
provided by Eurocodes for models of resistance for bending of steel and
reinforced concrete elements under rather abstract conditions: the action
of self weight and snow load for the reference period of 1 year, however
this analysis allows qualitatively highlight the problems, associated with
existing approaches in the theory of reliability, and, in general, the problem
of ensuring the equal reliability of structures. Within the framework of the
study, state functions for calculating the reliability indices of the elements
were compiled with the help of using the first-order reliability methods
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(FORM), and a comparative analysis of these indicators was made. The
collection and analysis of probabilistic models of basic variables, used
for the compilation of state functions for conventional steel and reinforced
concrete elements, was carried out. The data obtained during the research
can be useful for further improvement and supplementation of National
Annexes and harmonization of Eurocodes. The conducted research will help
to take a closer look at the problem of regulating reliability indicators for
building structures made of various materials within the framework of the
existing concept of reliability laid down in Eurocode 1990.
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state function, basic variable, model uncertainty, reliability index,
target value, Eurocode.
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NMPOBAEMbI B OBECNMEYEHUN PABHOHAAEXXHOCTHU
YKENE30OBETOHHbIX U CTAAbHbIX KOHCTPYKLUA B
PAMKAX CYLLECTBYIOLLEN KOHLIENUUU HAAEXKHOCTHU
COIAACHO EN 1990

AHHOTALUA

B coomgemcmesuu ¢ 6a3o8bimMu NOJONCEHUAMU €8PONeLCKUX HOPM
npoekmuposarus (Eepokodog), Oelicmsyouux 8 Hacmosiuee 8pems
Ha meppumopuu Pecnybauku Benapyce, npednoiazaemcst 803MONCHbIM
ocyulecmsiims NPoeKmMupos8aHue CMpoUmeabHblX KOHCMPYKUUil, u3-
20MOBJIEHHbIX U3 PA3AUUHBIX MAMEPUAN08, OMHOCAWUXCA K 0OHOMY
KJIACCy HA0eHCHOCMU, ¢ 00UHAKOBbIM Ue1e8bIM 3HAUEHUEM YPOBHS HA-
0eXCHOCMU, BbIPANCEHHBIM 8 00NMYCMUMbBLX 3HAUEHUSX UHOeKCa HadeXc-
HOCMU WU Jce IKBUBAJIEHMHOLL eMy 8epossmHocmu omkadd. OOHako
npakmuueckas peanusayusi OAHHOU udeu CONpsijiceHA ¢ OueHb 6Ob-
wum koauuecmeom npobsem. IposedeHHoe ucciedo8amue nOCsAULEHO
aHanusy yposHeil Ha0e’#cHOCMU U 3K8UBAJIEHMHbLX UM 8eposimHocmell
omkasa, obecneuusaemvix Espokodamu 01 modenell conpomus.ieHust
us2uby CManbHbLX U JHcesle300eMOHHBLX dJleMeHmo8 Npu 0080JIbHO ab-
CMPAKmMHMbLX ycaosusx: deticmsuu cobcmeeHHO20 8ecd U CHe20801l HA-
2py3ku 021 6a308020 nepuoda omueceHust 1 200, 00HAKO OAHHbLIL AHA-
JIU3 NO0380JISlem KAauecmeeHHO 0cgemumbs Npobyembl, CONpANCeHHbLe
¢ cywecmaywumu nodxodamu 68 meopul HaAO0e#cHOCMu, U 8 UesloM
npobsiemsbl obecneueHusl pPaABHOHAOEHCHOCMU KOHCMpYKUuil. B pam-
Kax npoge0eHH020 UCCNe008AHUSL COCMAsJieHbl PYHKUUU COCMOSIHUS
0 pacuema nokasamesiell HA0EHCHOCMU UCCe0YeMbLX 3JeMEeHMO08
C UCNONL308AHUEM Mem0o008 Meopull HA0eICHOCMU Nep8ozo Nopsaoka
(FORM), a maxce npogedeH CpasHUMEbHbLIL AHAIU3 IMUX noKa3ame-
Jiell. BbinosiHeH c60p U AHANU3 8ePOSIMHOCMHbLX MoOesell 6a3UCHbLX ne-
DPeMeHHBLX, NPUMeHSIeMbLX O0JIS1 COCMABeHUs. PYHKUUTL COCMOSIHUS O,
YCI08HO20 CMAILHOZ0 U Hce1e306emoHH020 3eMeHmos. J[aHHble, NoJTy-
YeHHble 8 X00e UCCNe008AHUSL, MO2Yym OblMb NoJe3Hbl 01 0aNbHellle20
cosepueHcmeosaHus u 0onosHeHus Hauuonanwwix TTpunoxceHutl u
eapmonusauuu Egpoxodos. IIposederHoe ucciedosarue nomoxcem 6o-
Jlee NPUCMAIbHO 832JITHYMb HA NPobJieMy pezsiaMeHmayuu nokasame-
Jietl HadexcHocmu OJ11 CMPOUMeNbHbIX KOHCMPYKUULL, 8bINOJIHEHHBLX U3
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PA3IUUHBIX MAMEPUANO8, 8 PAMKAX Cyulecmaytoulell KOHUenyuu Ha-
dexcHocmu, 3anoxcerHoll 8 Egpoxode 1990.

KirogyeBble cioBa: HaZleXKHOCTb, CTAJbHOM 3JIEMEHT, >XeJe30-
OEeTOHHBIN 3JIeMeHT, QYHKUIMS COCTOSHUA, Oa3ucCHas IepeMeHHasd,
IIOTPEITHOCTh MOZENH, WHAEKC HaAeKHOCTU, IjejleBoe 3HadeHue,
EBpoxkog.

Juis nutupoBauusa: Typ, B. B. [Ipo6yieMbl B obecrieueHUH paB-
HOHA/IE)KHOCTH Kes1e300€TOHHBIX U CTaJbHBIX KOHCTPYKLIUH B paM-
Kax CYIIeCcTBYyIolllell KOHIENIMU HaAeXHOCTU comtacHo EN 1990
/ B. B. Typ, 0. C. MapteiHOB, B. B. Hagonbckuii, ®@. A. Bepéska //
[Tpob6seMbl cOBpeMeHHOTO GeToHa U Keyne300eToHa : ¢6. HAy4. Tp. /
Wu-t benHUWC; peakon.: O. H. JlemkeBud [u Ap.]. — MuHck, 2018. —
Bem. 10. — C. 103-120. https://doi.org/10.23746,/2018-10-07

INTRODUCTION

In accordance with the provisions for ensuring structural reliability
set out in normative documents such as TKP EN 1990 [1] and ISO 2394
[2], the design of structural elements must be carried out on the basis
of target values of reliability levels expressed in acceptable values of
reliability indices or equivalent to them probabilities of failure [3].

At the same time, reliability indices or probability of failure are
not indicators of the actual frequency of failure of structures, but
they are widely used for comparison of different calculation methods
when considering different combinations of loads, structural elements
made of different materials, different types of failures, various types
of structures. Ultimately, the application of the standardized target
values of reliability indicators is aimed at a relative comparison
of the reliability of structural solutions and should ensure equal
reliability of structures. However, at present, the practical application
of requirements of STB ISO 2394 [2] and TKP EN 1990 [1], is
accompanied by a number of inaccuracies, which requires a rethinking
of the adopted provisions and backgrounds for the concept of reliability
laid down in the Eurocodes.

Thus, the normalized reliability indices are closely related to the
accepted backgrounds and, as a consequence, can’t be comparable
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to each other, separately from them, it means that only models with
similar backgrounds can be objectively evaluated [4]. As noted in [4],
one of the most important similar backgrounds is information about
the types of distributions of basic variables, since these data to a large
extent are predetermined when obtaining the values of the reliability
index of the structural elements. There are discrepancies in the type of
distribution of basic variables, in particular, using probabilistic models
for snow load, which are shown in [4] According to p.1 C.6 TCP EN
1990 [1]: “For simplicity, when considering non-fatigue verifications,
Normal distributions have been used for variable actions. Extreme value
distributions would be more appropriate”. At the same time, an analysis
of a number of foreign and domestic works shows that the most
common types of distribution used in the approximation of annual
snow load maxima are the following: the first limiting distribution
of Gumbel, the lognormal distribution and the Weibull distribution,
nevertheless more preferable from the standpoint of the generally
accepted approaches in the theory of reliability is the use of the
Gumbel type of distribution [5-9].

Itshould also be noted that even with the same load effects models,
for constructions and their structural elements made of different
materials, the resistance models, and if more precisely, the basic
variables included in these models can differ significantly. So, for
example, for the reinforced concrete element, there are “additional”
basic variables in comparison with steel element that characterize
not only the geometric parameters of the section, but also take into
account the thickness of the concrete cover and the reinforcement
ratio. In turn, in order to take into account the statistical variability
of the strength properties of a reinforced concrete element, the
complex account of both the resistance of concrete and the resistance
of the reinforcement to the corresponding action on the element is
necessary.

Thus, itisof interest to compare the reliability of steel and reinforced
concrete elements, using the current system of partial coefficients.
Further a brief overview of the main areas of research in the theory of
the reliability of structures, in particular, in the problem of ensuring
the equal reliability of structures is presented and the problematic
places in their implementation in practice are noted.
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1. PROBABILISTIC STATE FUNCTIONS OF BENDING STEEL AND
REINFORCED CONCRETE ELEMENTS

According to the provisions of the Eurocode 1990, the “viability”
of structures and their constituent elements is governed by their not
achievement of ultimate limit states (ULS) and serviceability limit
states (SLS). Also, in accordance with p. 2.2 (2) of TKP EN 1990 [1],
different levels of reliability are adopted for the relevant limit states.

In case of probabilistic approach the construction is investigated
using a model which describes the limit state in the form of a function
called limit state function g(x) which value depends on all the
corresponding calculated parameters x, it means, from all data on
probabilistic models of basic variables. In general, the achievement of
the limit state can be described by the following formula:

g(E, R) =0, )
where E and R are a set of load effects and resistance variables,
respectively. For the values of the limit state function g (E, R) < 0, it is
assumed that the structure is destroyed; in other words, a failure state
is reached.

With known data on probabilistic models of random (stochastic)
basic variables, the probability of failure during the period under
consideration can be calculated by the following formula:

P,= P (g(E, R) <0). )

In this paper, only the verifications of the ultimate limit states
of cross sections (the so-called types of checks “on strength”) of
conventional steel and reinforced concrete elements subjected to the
action of a bending moment are considered.

The state function for checking resistance for bending of a cross
section of conventional steel element g (X) is taken in traditional form:

eX) = 0,21~ 0, [G+ C, SO, 3)
where 0, 0, — random variables that characterize the uncertainties
in the calculation models of resistance and load effects respectively;

gz — geometric characteristic of the cross section of the element
(area, sectional modulus);

f, —random variable, characterizing the strength of the material
(vield strength of steel);

G -random variable, characterizing the permanent load;

S(t) —random variable, characterizing the snow load;
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C, — a variable characterizing the uncertainty of the snow load
model (a simplified description of the load distribution on the surface
of the coating, etc.).

The design resistance for bending of a conventional reinforced
concrete beam singly reinforced at the bottom of the cross section is
determined as follows:

i

-
fyk 75
Ry=A4 -2 (h—d———2Ls @
Vs 2-b-a. S
Ve
where A, - the area of the longitudinal steel reinforcement

located in the lower part of the beam;

[, — the characteristic value of the yield stress of steel reinforce-
ment;

y, —the partial factor for reinforcement and prestressed reinforce-
ment;

h - the height of the cross-section of the beam;

d - thickness of concrete cover;

b - the width of the cross-section of the beam;

a, — is the coefficient that takes into account the long-term load
action, the unfavorable way of applying it, etc.;

f.. —the characteristic value of the cylindrical strength of concrete
during compression;

y, —the partial factor for concrete strength.

In order to express the dependence of the bending resistance on
reinforcement ratio, the value of the area of the longitudinal steel
reinforcement is expressed through the reinforcement ratio:

4,=p-(b-(h=d)). ©)

where p — the reinforcement ratio, taken in the conducted research
0.5, 1, 1.5 %, respectively.

Thus, the state function g(X) of a conditional reinforced concrete
beam subjected to the bending moment is adopted in the following
form:

109



where R - a random variable characterizing the resistance for
bending of a reinforced concrete element in accordance with expression
“4).

In order to cover and further analyze as much as possible range
of load combinations for different ratios of constant and snow loads,
a loading parameter ¢ which is the ratio of the snow load at the total
load value is used:

x=S5/(G, +8), (7
where S, — the characteristic value of snow load;

G, —the characteristic value of permanent load.

The values of the loading parameter ¢ can vary from 0, which is
typical for underground structures and foundations, up to 1, for example,
local effects in bridges and crane beams. It was noted in [10] that for
reinforced concrete beams under the action of a snow load the values of
the loading parameter ¢ are in the range from 0.4 to 0.7. For structures
made of steel, on the basis of design experience, it can be noted that the
most objective range for this parameterisc = 0.4 ... 0.8 [11].

2. PROBABILISTIC MODELS OF BASIC VARIABLES

The main data for the realization of probabilistic calculation of
building structures is information on the probabilistic models of basic
variables entering into the limit state function. In general, it is worth
noting that the models of basic variables are divided into two large
groups: the resistance model and the load effects model. Resistance
models, for example, for a steel element include data on the geometric
parameters of the cross section of the element, the yield strength of
steel, the resistance model uncertainties. A distinctive feature of the
load effects models from the resistance models is their independence
from the material of the structural element being studied, however,
for the load effects, the basic reference period under consideration is
an important factor. For load effects models the following data can be
cited as the most common: data on the permanent, imposed, snow,
wind and other types of loads, as well as data on the corresponding the
load effects models uncertainties. So, for example, for a snow load,
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the model uncertainty is caused by a simplified description of the load
distribution on the roof, etc. The main characteristics of probabilistic
models of basic variables are data on the types of distribution of ran-
dom variables and statistical parameters.

In the present work, the actual data of the statistical parameters
of the snow load are presented on the basis of the studies carried out
for the territory of the Republic of Belarus [12] for the period under
consideration, equal to 1 year. It should be noted that the values of
the statistical parameters of such climatic loads, as snow, have a signi-
ficant dependence on the territorial features of a particular region of
the country. Thus, according to researches data [12, 13] for northern
regions, the coefficient of variation of snow load is almost half that for
the southern regions (for Vitebsk — 0.44, for Pinsk — 0.72). Taking into
account this situation, the averaged values of the statistical parame-
ters for describing the distribution of annual maxima of the snow load
are adopted. It should also be noted that the statistical data used can’t
be objectively comparable with similar data obtained in the course of
meteorological observations in European countries with a similar cli-
mate, since even small deviations of these parameters can make quite
significant changes in the results of calculating reliability parameters.
In general, an analysis of the sensitivity of the value of the reliability
index to the statistical parameters is of interest. Attempts to take this
factor into account were performed in [14], where the statistical para-
meters are taken in the range values.

Probabilistic models of the strength characteristics of steel and
the uncertainties in the computational model are adopted averaged
in accordance with the recommendations [5]. It should be noted that
in most works on reliability research the parameters of the above-
mentioned basic ones have a similar character.

Probabilistic models of compression resistance of concrete, yield
strength of steel reinforcement, as well as probabilistic models of
geometric parameters of the cross section and the uncertainty of the
calculational model (the resistance model uncertainty for reinforced
concrete element under bending) were adopted in accordance with the
data of [10] and general recommendations of JCSS [15].

All probability models used for calculations are given in table 1.
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Table 1

Accepted probabilistic models of basic variables for the analysis
of reliability of steel and reinforced concrete elements subject to
bending moment

Basic variables Symbol | Distribution }l_j, !"' X k I—'r F
Basic variables of the resistance model for steel element
Resistance of steel element B . LN 115 0.065 | 0.075
The resistance model uncertainty of KR IN 1.08 0.075 | 0.081
steel element =

Basic variables of the resistance model for reinforced concrete element

Characteristic value of cylindrical

strength of concrete on compression fck LN 42/30 0,138 5.8

for C30/37

The characteristic value of the yield

strength of steel reinforcement f vk LN 5607490 | 0,053 30

The height of the cross-section of the h Norm 06 0.013 | 0.008

reinforced concrete element ’ ’ :

The thickness of protective layer of d Norm 0.03 0.2 0.006

concrete ) : :

The width of the cross-section of the b Det 0.3 _ B

reinforced concrete element ’

The resistance model uncertainty of

the reinforced concrete element Kg AL LN 1.0 0.1 0.1

Basic variables of the load effects model

The load effects model uncertainty KE,.RI'__I:S} IN 1.0 01 01

Permanent action G Norm 1.0 | 0.085 | 0.085

Snow load (annual maximum) 51 Gumb 0.41 0.55 0.23

The snow load model uncertainty C LN 1.0 0.15 0.15
D.‘s . . .

The values of the partial factors for the reinforcement and the pre-
stressed reinforcement y =1.15, for concrete y =1.5, as well as the val-
ue of the coefficient a_=1.0, which takes into account the long-term
load action, and the unfavorable method of its application, are taken
from the data of TKP EN 1992-1-1 [16].

The values of the partial factors for the permanent and variable ac-
tions y,=1.35 and y =1.5, respectively, the reduction factor & = 0.85,
and also the value of the factor for combination value of the snow load
y,=0.6 are presented on the basis of the data of TKP EN 1990 [1].
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3. THE ANALYSIS OF THE RESULTS

Within the framework of the study, the first-order reliability
method (FORM) was used to obtain the reliability parameters of the
conditional steel and reinforced concrete elements under bending.
The considered period of time (reference period) is assumed to be 1
year. The rules for combining the actions are used in accordance with
expressions 6.10a / b [1].

The results are presented in the form of graphs, where the values
of the loading parameter y are plotted along the abscissa axis, and the
values of the reliability index 8 are plotted along the ordinate. Figure 1
depicts the dependence of the value of the reliability index  on the load
parameter y at reinforcement ratio 0.5, 1.0 and 1.5 %, respectively.

Thus, the dependence of the reliability index of a bending
reinforced concrete element on the reinforcement ratio is investigated.

4.
-y 0/
-‘. '“:“-.-‘--- — 1.5 0
r --’>¢QN-"Q-‘ 0
i SRR ... — %
3. e ——
seS - = 0.5%
2.5
0 02 04 0.6 0.8 % 1

Figure 1. The values of the reliability index for a reinforced concrete element under
bending

On the basis of the data obtained, it can be concluded that with
increasing reinforcement ratio, the reliability of the reinforced concrete
element under bending increases, these results are accordant with the
results of the research [19]. Most objectively, this is reflected when the
reinforcement ratio is from 1 to 2 %, which, taking into account the
design experience, is the most common range of reinforcement ratio in

the design of reinforced concrete structures.
Numerous studies in the field of reliability of structures indicate
that for steel elements, reliability is basically predetermined by a
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variable load. One of the reasons for this situation is that other basic
variables have small variability. The consequence of the foregoing
is the considerable sensitivity of the index of reliability of steel
elements with a large share of variable load (snow) to the statistical
parameters of this load. Figure 2 illustrates the changes in the value
of the reliability index f for a steel element with a slight change in the
statistical parameters for describing the annual snow load maxima (u,
=0.41 and V,=0.55; u,=0.46, V,=0.60).

B J
4.5
Yix
y =[0.41;v, = 0/55
35 - —
B il ER

y fy = 0l46;V, = 0.60 o mpFemmeaod
2.5

0 0.2 04 0.6 0.8 % 1

Figure 2. Values of the reliability index for a steel element under bending using various
statistical parameters for the probabilistic description of the snow load

Figure 3 shows the graph when the statistical data of the resistance
model uncertainties for a steel element under bending with u, = 1.08
and V, = 0.075 to u, = 1.2, V, = 0.15, respectively, are changed. On
the basis of the obtained graph, it can be concluded that even with a
significant change in the probabilistic models of the basic variables,
not related to the variable actions, the change in the reliability index
for the steel element is not significant. This, in turn, makes think about
much greater expediency of further refining the load effects models.

J

p
4.5
4
1y =[1.08;V, = 0l075
3.5] . e "
R cr P —
- ’
3 iy = 1.2V, =015
2.5

0 0.2 0.4 0.6 0.8 X 1

Figure 3. Values of the reliability index for a steel element under bending for various
statistical parameters for a probabilistic description of the uncertainties in the bending

resistance model
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In turn, for a reinforced concrete element, the change in the
statistical parameters of the resistance model uncertainty has a
sufficiently large effect on the value of the reliability index. In this
regard, it should be noted that there are some inconsistencies in the
adoption of statistical parameters for describing uncertainty of the
resistance model for bending for reinforced concrete elements, so
according to the data of studies [7, 10, 17], the mean value is taken for
this basic variable u = 1.0-1.2 with the corresponding coefficient of
variation V = 0.10-0.15.

According to the recommendations of JCSS [15], u = 1.2, V =
0.15. However, the lack of a clear regulation even in this matter leads
to a rather tangible “displacement” of the reliability index: for u = 1.0,
V = 0.10, the reliability index for a reinforced concrete element under
bending at 0.5 % till 2 % of reinforcement, respectively, is on average
0.5 less than at u = 1.2, V = 0.15 with other identical models of basic
variables. Figure 4 shows the graph for various statistical data of the
uncertainties in the bending resistance model of a reinforced concrete
element with a reinforcement ratio 1 % (u, = 1.0V, = 0.10; u, = 1.2,
V, = 0.15 respectively).

B 5
4.5
u =1.0;¥, =0.10
4’-‘.—' .- '~._‘_ e
/m =12V, O ———_ T
35
3
25
0 0.2 04 0.6 0.8 e 1

Figure 4. Values of the reliability index for a reinforced concrete element under bending
with the reinforcement ratio 1 % for various statistical parameters for a probabilistic
description of the uncertainties in the bending resistance model

It should be noted that with the increase in the reinforcement
ratio, the difference in the values of the reliability index when various
statistical parameters are used for the probabilistic description of the
uncertainties in the bending resistance model increases.
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4. PROBLEMS IN DETERMING THE RELIABILITY INDEX FOR
DIFFERENT TIME PERIODS

Often to the calculation of the reliability index for the 50 year
reference period the adoption of statistical data (to account time
dependence) for variable actions by means of transformations
characteristic to the Gumbel type of distribution [7, 18] is used,
while the statistical parameters for the permanent load don’t change,
which leads to the independence of the reliability index from time
in situations when the effect from permanent load is dominant (this
situation is quite typical for reinforced concrete structures), which,
in turn, leads to a “fixed” level of reliability, independently on time,
under the influence of only permanent load, this can’t be an objective
result, but this approach is widely used for load combination according
to Ferry-Borges Castanheta model, when for distribution of dominant
load need to use maximum load during reference period

Below in figure 5, the dependence of the value of the reliability
index B on the loading parameter y for a reinforced concrete element
under bending at a reinforcement ratio 1 % for the reference periods:
1 year and 50 years, respectively, is shown. The graph for 50 years is
obtained by the recalculation of the statistical parameters for the snow
load from 1 year to the 50-year reference period with the preservation
of the probabilistic models of other basic variables corresponding to a

1 year reference period.
4.5

B

4/><-___fo\rl~yfiar

3.5 “\ —aenn

~
~
~
3 '
T ~~L . for50jyears
2.5 T _~a

0 02 0.4 0.6 08 % 1
Figure 5. The values of the reliability index for a reinforced concrete element under
bending for a reference periods 1 year and 50 years respectively

There are also the following alternative approaches to the
calculation of the reliability index for different time periods, based on
the application of formula C.3 of TKP EN 1990 [1]:
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a. the statistical parameters for all basic variables are taken as for 1
year, the calculation of the reliability index for any other period un-
der consideration is carried out by applying formula C.3 of the TKP
EN 1990 [1]. This approach is shown in Figure 6 for a reinforced
concrete element under bending with a reinforcement ratiol %.

b. the statistical parameters for the variable action are applied by
the recalculation for the relevant period under consideration ac-
cording to the selected type of distribution (usually for a snow
load according to the Gumbel type of distribution [17]), then
the recalculation of the reliability index for the entire state func-
tion is carried out by applying formula C.3 TKP EN 1990 [1].
This approach is shown in Figure 7 for a reinforced concrete ele-

ment under bending with a reinforcement ratio 1 %.
45

B

e S A

o=~ [ 2g~=~k . _for50years

&}

0 02 0.4 0.6 0.8 1

Figure 6. The values of the reliability index for a reinforced concrete element under
bending for reference periods 1 year and 50 years respectively according to method a
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Figure 7. The values of the reliability index for a reinforced concrete element under
bending for reference periods 1 year and 50 years respectively according to method b
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Thus, the differences in the currently used approaches to the
calculation of the reliability index of structures for various periods of
time are clearly illustrated. Therefore, due to the fact that different
approaches are currently in use in various studies, difficulties arise in
the objective comparison of the results obtained.

CONCLUSION

Within the framework of the study, the probabilistic models of
basic variables were collected and analyzed, and the state functions for
steel and reinforced concrete elements under bending were composed.
According to the data obtained, a number of features should be
highlighted in ensuring the equal reliability of steel and reinforced
concrete structures in accordance with the provisions of the theory of
reliability and backgrounds laid down in TKP EN 1990 [1]:

1. For a reinforced concrete element, there is a large dependence
of the value of the reliability index on the reinforcement ratio.
Also for a reinforced concrete element there is a significant sen-
sitivity of the index of reliability to the statistical parameters of
the resistance model uncertainty.

2. For steel elements the variable action predetermines reliability.
So for situations when there is a large share of variable action
(for example snow load) there is a significant sensitivity of the
index of reliability of steel elements to the statistical parame-
ters of this action.

3. The discrepancy in the reliability concept adopted in the TKP
EN 1990 [1] is also worth noting when calculating the reliabili-
ty index for the reference periods of 1 year and 50 years respec-
tively which leads to the necessity of the adoption of a more
objective methodology for calculating the reliability index for
different periods of time.

In general, it should be noted that there is a need to calculate and
normatively fix the parameters of the structural reliability of structures
at the national level (by bringing them into the National Annex), using
valid data on probabilistic models of basic variables, especially for
variables influenced by climatic features of the Republic of Belarus.
Also there is a need for research on the refinement of probabilistic
models for various resistance models for various structural elements
made of different materials.
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