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DETERMINATION OF THE ELEMENTS SIGNIFICANCE
IN THE RELIABILITY OF REDUNDANT FRAMES
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Abstract: The paper attacks the problem of steel redundant structures reliability. In calculations the probabilistic
method of limit equilibrium is applied. All possible mechanisms of structural failure are considered. The influence
of each section on the work of the frame as a whole is taken into account. Stochastic strength and load
characteristics are used in the calculations. The proposed method of calculation allows to obtain structures with a
given reliability. The calculation provides an opportunity to take into account the existing reserves of frames. The
numerical example uses the logic of probabilistic transformations. The graphs of specific contributions of
individual sections and the most probable mechanisms of destruction are presented. The probabilistic method
takes into account the correlation between the individual mechanisms of destruction. The developed method
determines the limiting moments, but it is allowed to take into account the action of the longitudinal force. In this
example, the task was to align the impact of the frame sections without reducing the specified reliability, but it is
possible to obtain a design with the same specific contributions, which is most economically justified. Specific
contributions are increased or decreased as necessary to obtain a design with equal probability of failure. In the
design, the influence of destruction individual mechanisms is used, because the cross sections of the beam span or
floor column do not change from the design conditions. The method provides an opportunity to obtain more
optimal designs and the use of modern software systems for static calculation. Recommendations for the design of
these structures have been developed. It is proposed to use the reliability coefficient of redundant steel structures.

Keywords: cross section of destruction,, mechanism of destruction, specific contribution, significance,
probabilistic method, correlation, steel frame, reliability coefficient

ONPEJAEJEHUE 3HAYUMOCTHU OTAEJIbHbIX 3JIEMEHTOB
B HAJEX KHOCTHU CTATUYECKU HEOHIPEJAEJINUMbIX PAM

C.®. ITuuyzun, B.I1. Yuuynun, K.B. Yuuynuna

ITonraBckuil HauMOHANBHBIN TexHuueckuit yuusepcuteT uMenu FOpust Konaparioka, r. [TonraBa, YKPANHA

AnHotanmsi: [lyOmukanmst mocBsimieHa mnpoOsieMe  HM30BITOYHOW — HAAEKHOCTH — CTaJbHBIX — CTaTHYECKH
HEOTIPEACINMBIX KOHCTPYKIUHA. B BBIYNCICHUSIX HCHONIB3YETCS] BEPOSTHOCTHBIN METOJ MPEEIbHOTO PABHOBECHS.
PaccmarpuBatoTcsi Bce BO3MOKHBIE MEXaHHM3MBbl pa3pyIICHUS] KOHCTPYKIMH. YUHUTHIBACTCS BIIUSAHUE KaXKI0TO
cedeHHs Ha pabOTy pambl B LIETIOM. B BBIUMCICHMSIX MCIIONB3YIOTCA CTOXaCTHYECKHE XapaKTEPUCTUKH MPOYHOCTH
n Harpy3ku. [IpeuioxKeHHbI METO BBIYMCICHHUS TO3BOJIIET TOMY4aTh COOPYKCHUS C 33[aHHON HAIEKHOCTBIO.
Pacuer 1aéT BO3MOXKHOCTb Y4ECTh CYIIECTBYIOIIME Pe3epBbI paM. B uMCIOBOM mpuMepe HUCHONIB3YIOTCS JIOTHKO-
BEpPOSITHOCTHBIE NpeoOpazoBanus. [IpesicTaBiiensl rpauky yJAeIbHBIX BKJIAJ0B KakK OTHIENBbHBIX CEUYEHMI, Tak U
Haubojee BEpOSATHBIX MEXaHH3MOB pa3pylIeHUs. BeposSTHOCTHBIM METOJ YUYMUTHIBACT KOPPEJILUOHHBIE CBS3U
MEXIy OTAENbHBIMU MEXaHW3MaMU paspylieHus. Pa3paOoTaHHbI MeTO[ onpeneseT mpeaeiIbHble MOMEHTBI, HO
MOJKHO YYUTHIBATh M ACHCTBHE MPOJOIBHON CHIBI. B aTOM mpumepe, 3amaueii ObUIO CpaBHATH BIMSHHAE CEYCHUH
pamsbl 0e3 CHIDKEHHMS 3a/JaHHOI Ha/IS)KHOCTH, HO BO3MOXKHO MOJYYUTh KOHCTPYKIHIO C OJMHAKOBBIMH Y/ICIbHBIMHU
BKJIaJaMH, YTO Hambosee 3(PQeKTHBHO. YembHBIC BKJIAJbl BO3PACTAIOT WM YMEHBIIAIOTCS 10 Mepe
HEOOXOUMOCTH, YTOOBI TMONYYHTh KOHCTPYKIMIO C PaBHOM BEPOATHOCTHIO OTKasa. [Ipm NpoeKTHpoBaHUH,
HCHOJIb3YCTCA BJIUAHUEC OTACIIbHBIX MCXaHU3MOB pa3pylICHUs, IOTOMY YTO CEYCHUA 63.]11(1/1 nponéTa HJIN KOJIOHHBI
OTa)ka HE HU3MCHAIOTCA 1O YCJIOBUAM KOHCTPYHUPOBaHUA. MeTOﬂ TIO3BOJIACT TOJYYUTH 60nee OIITUMAJIbHBIC
KOHCTPYKIIMM TIPH MCIOJNB30BAHUM COBPEMEHHBIX MPOTPAMMHBIX KOMIUIEKCOB CTAaTHYECKOTO pacdera.
Pa3zpaboTaHsl peKOMEHAAIMM JUIA HEMOCPEICTBEHHOTO MPOEKTHPOBAHMA JAHHOTO THMA KOHCTPYKIHH.
[Mpemnaraercs UCTIONB30BaTh KOA(POUINEHT HAAEKHOCTH CTAIBHBIX CTATHUECKH HEOIPEISIUMBIX KOHCTPYKITHHA.
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1. INTRODUCTION

The article is devoted to probabilistic estimation
of steel redundant structures. Some beams and
simple frames, as well as multistory and multi-
span structures of industrial and residential
buildings present this type of structures. The
failures of these systems are various. This
article attacks the problem which concern is
only steel structures with the loss of carrying
load capacity. Redundant structure failures
occur after some member failures in the form of
transmission to different workable states. These
states match different designing schemes with
various probabilistic parameters. Thus, the
redundant structure failure estimation is a very
complicated problem as depends upon the
system complexity. For redundant systems in
the design with a given reliability, an important
step is to obtain the economic characteristics of
the sections. The search for the optimum and
minimum weight redundant systems dedicated a
lot of research. These studies make it possible to
obtain optimal frames on the bearing capacity.

2. MAIN BODY

2.1. Review of the issue status.

Evaluation of the building structures reliability
is presented in a large number of works.
Calculations of steel frames reliability are
devoted to the work [1-10]. Consider some of
these works. In particular in [1] design-by-

analysis methods for steel structures are
receiving  considerable  attention  from
professional  engineers,  researchers  and

standard-writing groups. Designing by analysis,
termed as the Direct Design Method (DDM), is
premised on the use of geometric nonlinear
inelastic finite element analysis to determine the
ultimate strength of steel structural frames and
subsequently incorporating a system resistance
factor to account for the effects of uncertainties
in geometric parameters, stiffness and strength.
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This paper outlines the DDM in the context of
cold-formed compact Hollow Steel Sections
(HSS), including the reliability analysis
framework at system level underpinning the
Method. The system resistance factors for a
series of representative 3D frames with hollow
locally stable cross-sections are derived. In [2]
several steel design specifications worldwide
have incorporated provisions for designing
through inelastic analysis of overall system
behaviour. However, requirements for minimum
system reliability have been implemented in
such design-by-inelastic analysis methods
through a simple adaptation of resistance factors
originally developed from member reliability
considerations. This paper [2] examines system
resistance factors through a system reliability
analysis of two steel moment frames subjected
to combined gravity and wind loads. The frames
are designed using second-order inelastic
analysis and their strength and serviceability
reliabilities are evaluated. The effects on the
system reliabilities of system resistance factor
and wind-to-gravity load ratio are examined.
The paper also identifies some research issues
that should be addressed prior to implementing
a system reliability-based design methodology.
In paper [3] a method to efficiently evaluate the
reliability of elastic-perfectly plastic structures
is proposed. The method is based on combining
dynamic shakedown theory with Subset
Simulation. In particular, focus is on describing
the shakedown behaviour of uncertain elastic-
plastic systems driven by stochastic wind loads.
The ability of the structure to shakedown is
assumed as a limit state separating plastic
collapse from a safe, if not elastic, state of the
structure. The limit state is therefore evaluated
in terms of a probabilistic load multiplier
estimated through solving a series of linear
programming problems posed in terms of the
responses of the underlying linear elastic model
and self-stress distribution. The efficiency of the
proposed procedure is guaranteed by the
simplicity of the mathematical programming
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problem, the underlying structural model solved
at each iteration, and the efficiency of Subset
Simulation. The rigor of the approach is assured
by the dynamic shakedown theory. The
applicability of the framework is illustrated on a
steel frame example. The work [4] proposes a
novel data-driven optimization strategy that can
efficiently handle system-level first excursion
performance constraints posed on large-scale
uncertain structures subject to general stochastic
wind excitation. The framework is centred on
defining and solving a limited sequence of
decoupled optimization sub-problems. In
particular, each problem is formulated in terms
of information obtained from a single
simulation carried out in the solution of the
previous sub-problem. Two examples involving
the optimal design of uncertain systems subject
to stochastic wind loads are presented to
demonstrate the effectiveness, efficiency, and
scalability of the proposed framework. The
paper [5] describes an inter-story drift
reliability-based optimization method of frames
subjected to stochastic earthquake loads. First,
the formulas for eigenvalue and eigenvector,
drift PSD functions, drift spectral moments,
drift reliabilities, their first and second
derivatives are derived based on random
vibration theory. The computational procedure
of drift reliabilities, their first and second
derivatives are given in detail. Second, optimal
problem of drift reliability-based optimization
design is formulated in a dimensionless way.
Optimal mathematic model is converted into
unconstrained mathematic model using penalty
function method. Gradient and Hessian matrix
of penalty function are derived using drift
reliabilities and structural mass, their first and
second derivatives. Third, solution step of
optimal problem is constructed using conjugate
gradient method. Finally, optimization designs
of two planar frames are demonstrated.
Sensitivity analysis of optimum design indicates
the drift reliability-based optimization method
can obtain local optimum design. The paper [6]
is focused on the development of an efficient
reliability-based design optimization algorithm
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for solving problems posed on redundant linear
dynamic systems characterized by large design
variable vectors and driven by non-stationary
stochastic excitation. The interest in such
problems lies in the desire to define a new
generation of tools that can efficiently solve
practical problems, such as the design of high-
rise buildings in seismic zones, characterized by
numerous free parameters in a rigorously
probabilistic setting. To this end a novel
decoupling approach is developed based on
defining and solving a limited sequence of
deterministic optimization sub-problems. In
particular, each sub-problem is formulated from
information pertaining to a single simulation
carried out exclusively in the current design
point. This characteristic drastically limits the
number of simulations necessary to find a
solution to the original problem while making
the proposed approach practically insensitive to
the size of the design variable vector. To
demonstrate  the efficiency and strong
convergence properties of the proposed
approach, the structural system of a high-rise
building defined by over three hundred free
parameters is optimized under non-stationary
stochastic earthquake excitation. The influence
of different load sequences on the deterministic
resistance of steel structures (in the inelastic
range) is a well-understood phenomenon.
However, the impact of different load sequences
on the reliability of members and frames made
of steel has not been specifically studied in the
past. Design rules for the stability and strength
checks of such elements and structures are
found, e.g., in Eurocode 3 [7]. The published
background shows that load sequences and
amplification patterns were not systematically
included in the analysis of the reliability of the
design rules for steel structures in Eurocode 3.
In the paper [8], the impact of different load
sequences on the reliability of three design rules
or procedures (the resistance of plastic cross
sections, of beam columns and of portal frame
structures) is studied and illustrated by means of
representative examples. The results show the
significance of the load sequence at the level of
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scatter and non-exceedance probability of
resistances. The paper finally discusses the
implications of the study's findings for code-
making, as well as the potential of accounting
for the load sequence in the reliability
assessment of, e.g., existing structures. Large
amounts of energy and carbon are embodied in
the frames of buildings, making efficient
structural design a key aspect of reducing the
carbon footprint of buildings [9]. The unused
mass of steel framed building could amount to
nearly 46% of the total mass due to over-
specification of the sections, we find a value of
36%. This value correlates with the design
method, with software-aided design bringing
significant improvements and with the design
stage, where most of the optimization seems to
occur between the preliminary and tender stage.
Authors [9] find that neither the regularity of the
structure nor the cost, independent of the
measure used, correlate with the mean
utilization ratio (ur). Conversely, we observe an
apparent reluctance to design beams above a 0.8
capacity ur. This reluctance explains most of the
unused mass in buildings. The rest of unused
mass consists in cores, trimmers and ties (6%),
some of which bear loads not captured in this
analysis but are otherwise necessary for stability
reasons, and in edge secondary beams (3%)
which design is constrained, and should not
necessarily be considered as ‘unused’ mass.
Recently  developed steel self-centering
moment-resisting frames (SC-MRFs) have been
analytically and experimentally validated as
having the potential to eliminate structural
damage under a design basis earthquake and
restore their original vertical position following
a major earthquake. Using Monte Carlo
simulation, subjected three nonlinear models of
prototype SC-MRFs to thousands of synthetic
ground motions, and recorded peak demand
responses such as story drift and beam-column
relative rotation. Used this data to examine the
sensitivity of SC-MRF behavior to structural
properties and geometry, seeking to generate
recommendations to improve the existing design
procedure. A reliability-based methodology was
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used to assess the likelihood of reaching the
limit state of post-tensioned strand yielding. The
[10] study proposes modifications to the
existing design procedure and illustrates a
reliability-based methodology for developing
improved seismic design recommendations.

2.2. General
problem.

In the course of the study, many publications on
the reliability of redundant systems were
identified. But some do not include the issues of
linking structural reliability calculations of steel
frames with their optimization. That is, these
issues remain insufficiently developed for today.
In order to obtain economic redundant steel
frames with a given reliability, taking into
account the plastic work of the material, the
random characteristics of the material and the
load, it is necessary to calculate the importance
of each element in the system with respect to the
reliability of the frames. It is necessary to obtain
the value of the importance of the elements.
Then you can adjust the existing reserves of the
frame by changing the cross sections of the
elements while maintaining the overall level of
reliability of the structure. For existing structures,
the definition of significance makes it possible to
identify "weak links". During the reconstruction,
this allows you to rationally influence the
carrying capacity of a complex system.

The significance of the element X; in the system

approach to solving the

y(X.,...x,) is a partial derivative of the
probability of failure-free operation of the
system R in terms of the probability of failure-

free operation of the element R;:

é:': s:Rsl_Rs:Qs_Qsl
' dR R, R

1)

where R,,Q,, — the probability of the system

failure-free operation ( the probability of failure
with absolute reliability of the i - th structural
element ); R,,Q, — the probability of the system

failure-free operation ( the probability of system
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the

probability of the i-th structural element.
The criterion “significance of the element &~

failure); R, - failure-free

1

operation

characterizes not only the location of this
element X, in the system structure y()<1,...xn ), but
also the dependence on the probability of all

system elements failure.
Consider such a characteristic as “the contribution

of an element X, to the system y(X,,...X, ), which
is equal to the product of the failure-free operation
probability R, on its significance:

dR,

Q. - )
dRi Qs Qsl'

Bi=Ri'§i=Ri‘

The criterion of contribution B,characterizes the

increment of the system reliability after the
element restoration X, with the actual probability

R,. The

contribution determines the location of the
element in the system structure, the conditions of
its functioning and the relationship with the
probability of the system elements failure. The
specific contribution of the i-th element to the
reliability of the system can be expressed as:

of its failure-free operation, equal

B 3)
B.

b, =

i=1

When calculating the failure probability of
redundant systems, calculations are carried out
in the region of low probability, and it is safe to
assume that the failure probability of the system
linearly depends on the failure probability of the
element R;. Then the increase in the reliability

of the system can be determined:

AR =IR AR =2 AR )

* T dR R

Using the formula (4), it is possible to influence
the system. You can change the cross sections of
elements by iteration according to significance
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This makes it possible to save material without
reducing the overall level of reliability.

Consider the importance of elements that affect
the system reliability. It is necessary to divide
the structure into groups of sections. That is,
you need to change the sections of the elements.
So get a design with a smooth reliability of the
elements. In particular, considering the work of
the crossbar, the characteristics of the
destruction beam mechanism are taken into
account. This mechanism is based on one
element. The cross section of this element is
often constant along the entire length.
Therefore, the change in the cross section
should be done for the entire crossbar
completely. Consider the surface mechanism of
destruction, that is, several elements (columns).
It can be assumed that the step of changing the
cross sections of these elements is the same for
the main mechanism as a whole.

2.3. Practical calculation.

Consider a practical example of frame
calculation (Figure 1). We analyse the impact of
the significance of individual elementary
mechanisms (Table 1) on the system failure
probability as a whole. The coefficient u

stiffness ratio was also calculated.

Calculations are performed by the probabilistic
method of limiting equilibrium [11]. The
significance of the elements is estimated only
for the main floor and beam mechanisms of
destruction. In the system of equations it will be
mechanisms for No 7-12 (Table 1) number them
respectively No 1-6 (Table 2).

According to the above formulas, we determine
the significance, contribution and specific
contribution of the frame  destruction
mechanisms (Table 2).

Figure 2 shows a significant difference in the
specific contributions of the frame destruction
mechanisms. Beam mechanisms are
distinguished from them. Try to align the
contributions of the elementary mechanisms in
the reliability of the frame as a whole. To do this,
change the ratio of stiffness in the structural
elements. We will take into account the specific
contribution to the reliability of the system.
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Figure 1. Scheme of the frame.

Table 1. The matrix of equilibrium conditions for elementary mechanisms.

No sections
No
equati %%5
on 1234567 8910111213 14151617 181920 21 2223 24 55 &
£E€g
1 1000O0O0OOO0OOTOUOTI1IO0OOOODOUOUOOOTU OTUDO 0
2 0011 00O0OO0O0O0O0OTO0OOOOT1I1IO0TGO0TG0OUO0OOTGOODUOSTUDO 0
3 0O000O0O11O0O0O0OOTOOOTOOOOI1O0UO0TUO0OTG0OT O0OOTUO 0
4 0O000O0OOT110O0OTO0GOTOT1I1IO0OUO0OSO0ODOTI1IUO0TGO0OTGO0OTU OTUDO 0
5 0O000O0OOOO0O1211O0O0O0OO0OO0OTI1LO0UO0OUO0OUO0OTQO0OTGO0OTUO0OTUDO 0
6 0O000O0OOOO0OOT OT11O0O0OOOOTI1IUO0UO0OTG0OTG OO OTUDO 0
7 oooo0oo0o000O0OO0OOLT-1-1-1-1-10W0W0O0OTG0OF0D0 5
8 0oo0oo0oo0O0OO0OO0OO0OO0OOOOOOOOOO-T-1T-1-1 -1 1 15
9 -1 2100O0O0O0O0O0OO0OCO0OOO0OO0OO0OO0OO0DO0ODOOTGO0OOTUOTFTDO 10
0 000-121000O0OO0OO0OO0OO0ODO0ODO0ODO0OO0OO0OO0OGO0OO0OTGO0OFTGO 11,5
11 0 0 0 0 O -121 0 0 0 0O O OOOO0OO0OO0OO0OO0OO0 O 20
12 -1 21 00 0 O0OOO0OO0OTO0OO0OTGO0OTUDO 22,5
4 1111112222 2211111111111 1

The rigidity of the frame will change according
to Table 3.

When analyzing the specific contributions, we
note that for the floor mechanisms 1 and 2 the
specific contribution is less than in the beam 3-
6. The reserve is 15-20 % by the moment. It
remains as a reserve for the effect of
longitudinal force in determining the bearing
capacity of compressed curved rods. The
application of this calculating method the
significance of the elements and contributions
of each elementary mechanism to the reliability
of the system as a whole will have a significant
economic effect. That is, it is possible to obtain
more economical designs of redundant steel
frames. Let's show it on an example and
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estimate economy on values of the bending
moment (Table 5).

Let us analyze the results of table 5. It should be
noted that the savings on the values of the
limiting moment reaches 10-55 %. This can be
taken into account when solving new design
problems. In addition, when reconstructing
existing buildings, it is often necessary to
determine whether the frame structure will
withstand a given load. In this situation, it may
be necessary to strengthen the structure. If we
strengthen the most important element (for the
frame bolt 4, 5, 6), you can get smoothly
reliable design with significantly greater load-
bearing capacity and a given reliability.
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Figure 2. Unit contribution scheme for the main mechanisms.

Table 3. The ratio of the stiffness of the elements.

Mechanism Initial Final
1 1 0,5
2 1 1
3 1 0,87
4 1 1
5 2 1,59
6 2 1,78

Table 4. The calculating results of the individual basic significance
mechanisms of destruction.

The probability

of the elementary ~ Significance  Contribution The specific
No. mechanism & B contribution b,
failure
1 4.393E-42 0.358951E-8 00.358951E-8 0.0761850
2 2.157E-20 0.331310E-8 0.331310E-8 0.0703184
3 8.953E-12 0.856663E-8 0.856663E-8  0.181821
4  6.763E-12 0.149853E-7 0.149853E-7  0.318053
5 6.446E-10 0.822502E-8 0.822502E-8  0.174571
6 8.1577E-10 0.843618E-8 0.843618E-8  0.179052
Table 5. The values of the limiting moments at the beginning of the calculation and after the
alignment.
Mechanism Initial value Value after alignment Percentage savings
1 8.89 3.99 55.1
2 8.89 7.98 10.2
3 8.89 6.94 21.9
4 8.89 7.98 10.2
5 17.78 12.69 28.6
6 17.78 14.2 20.1
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Figure 3. A diagram of specific payments is for basic mechanisms
after the change of inflexibilities of elements.
Table 6. The significance and contributions of the frame sections.

No 1 23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
8 888355598885 55885338838388383
SLULULULULUUJLULUUJUJ'UJLULULULULUUJLULULULULULU
S ¥ oo S n © & X 5 H F o F 8 L Ny DS 0
E 22X E L T a2 88 8080 IAHISE I
S o = = = © W v o 5 5 a5 5 9 > = K A9 @ 0 = 0
oD >~ a o o o o \O <t <t — — (@) — on [g\| el S O o) on on on [@X) on
S T g g S S =S =g N nn 8 n
TE888 88888 88 383 3833838383498 38338 338
Q: 1 1 1 1 ] 1 1 1 1 1 1 UIJ 1 1 1 1 1 1 1 1 1 1 1 1
EE2828E8 B8 8828888803828 d48828¢8E87%2E
SER ER L 2 AF T ETEFTEFEE 2T K axT T I RT
S g X A Qg v v v D Vv YV A a6 o L MM a Y N L Y AN Y
o} ) o o N o) (@) (@) 0 S S (=) S <t [\l S 0 on (=) (=3 o S S S e S
O e —=—= === a8 a8 % R L ¥TAaF =5 I T " aaqaadqdq

In order to achieve this goal, the contributions
of the elementary mechanisms to the reliability
of the system as a whole are equalized in the
calculations. To do this, change the ratio of
stiffness in the structural elements, respectively,
the specific contribution of each mechanism to
the reliability of the system. Close to the
optimum ratio of rigidity is very important for
the normal static calculations of frames.

Perform the analysis of the calculation results of
the contribution and value of individual cross-
sections in the frame reliability. These values
are calculated by the probabilistic method of
limiting equilibrium [11]. The calculation
results are given in Table 6, the specific
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contribution dependence diagram for each
section is shown in Figure 4.

The diagram shows that the individual sections
(1-24) contribute differently to the reliability of
the system as a whole. Won give a different
contribution even within the same basic
mechanism. Deviations of specific contributions
of sections within the main mechanisms are
insignificant (the numbers of the main
mechanisms are shown in the diagram in the
bottom line). Therefore, it is sufficient to
reliably generalize the finding of contributions
for the main mechanisms, which include the
elements as a whole, or a group of unified
elements.
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Figure 4. Diagram of the specific contribution for each section of the frame.

As you can see in the diagram (Figure 4), for the
most likely mechanism “4” the specific
contribution and significance of all sections are
the same and equal respectively 0.196 and 0.521
E-7. Therefore, it is advisable to determine the
significance and contribution for this beam
mechanism as a single element.

The diagram shows that the individual sections
(1-24) contribute differently to the reliability of
the system. They give different contributions
even within the same basic mechanism.
Deviations of specific contributions of sections
within the main mechanisms are insignificant
(the numbers of the main mechanisms are
shown in the bottom line). Therefore, quite
accurate to summarize the finding of the
contributions for the basic mechanisms. They
include either whole elements or groups of
unified elements. For the most probable
mechanism “4” the specific contribution and
significance of all sections are the same and
equal respectively 0.196 and 0.521 E-7 (Figure
4). Therefore, it is advisable to determine the
significance and contribution for this beam
mechanism as a single element.

In fact, the most likely mechanisms of
destruction may include only part of the
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dangerous sections relative to the main
mechanism. These sections are more important
for the reliability of the system as a whole than
the sections that are not included in these
mechanisms. The significance of individual
sections can be taken into account in the state
method. Thus, the work of the section is
considered separately, and not in the work of the
mechanisms as a whole.

According to the calculation of the probabilistic
method of the limit equilibrium at the initial
limiting moment is

Mo = 10.71kNm.
After the calculation we find a new value of the

limiting moment (M, 7.978kNm). The
probability of failure (for this example) is

Qs=0.305028E-07.
The safety factor is

v, =10.71/7.978 =1.342 .
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3. CONCLUSION

A method for regulating the reliability of
redundant frames with a given standard
probability of failure-free operation is proposed.
This method is obtained by changing the value
of the limiting moment and the alignment of the
reliability parameters of individual elements.
The ratio of the initial and the resulting limiting
moment of the frames is recommended to call
the coefficient of circuit reliability of steel
statically uncertain frames. Its minimum value
is 1.1. In the calculation of the contributions of
individual elements, it is possible to obtain
significantly higher values in the range of 1.1 to
1.4. This provides a significant saving of
materials.
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