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Building structures should correspond to the reliability requirements which are implemented
with the help of design codes. The latter are based on the method of limit states. In order to
simplify the verifications, the design codes often deliberately deviate from the scientifically based
theoretical provisions of such fundamental disciplines as the theory of elasticity and the theory of
plasticity, replacing them with so-called working practices. The paper presents that there are
inaccurately formulated recommendations in the design codes. The paper also specifies on some
important problems that are not reflected in the design codes. This applies to the choice of failure
probability values, the use of partial reliability factors, the calculation methodology in case of an
emergency, the problems of using the results of nonlinear calculation, etc.

The paper presents some considerations on these issues, with the main attention being paid to
the analysis of the existing design tradition and guidance to unresolved issues. The problems of
recommended reliability parameters, clarification of the limit state concepts, analysis of accidental
situations, the safety factors values and possible relationship between the safety factors for load
and the safety factors for materials, loads and load effects, vulnerability assessment as well as
reliability of protected systems have been considered.

The considerations presented by the paper give only a partial idea of the range of issues that
arise when comparing working practices used in the design codes with the theoretical
fundamentals they should correspond to. It should also be noted that the design codes do not
provide any justifications for their recommendations. The presented paper can initiate a scientific
discussion and be useful both for the developers of design codes and for the developers of software
packages implemented the design codes.
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Introduction. In order to simplify the analysis, design codes don’t always
strictly follow scientific approaches, replacing them with the so-called working
practices. They are approximate not only in essence, but their justifications are
often approximate as well, a detailed analysis of their origin and a comparison of
the advantages and disadvantages of their application were once carried out by
N.S. Streletsky [29]. However, more than sixty years have passed since the
publication of [29], the design methods have changed and they are now based on
computer modeling, and the class of design problems has expanded significantly.

Modern FEA software are based on such disciplines as the theory of
elasticity, the theory of plasticity, structural mechanics, etc., while many of the
working practices do not correspond, and sometimes even contradict to the
fundamentals of these disciplines. This approach is used in programming
because it can be applied to any problem, while working practices have been
developed for certain special cases. However, since the working practices are
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provided in the design codes, they suddenly become preferable over scientific
approaches and more accurate solutions that do not appear in the codes only
due to the complexity of the calculations. At the same time, certain technical,
legal and economic problems arise due to the fact that the authors of design
codes had not foreseen the possibility (and necessity!) of their software
implementation [14].

This, however, does not mean that all the working practices have to be
replaced with more justified, but also more time-consuming methods. The
point is that a lot of working practices have been successfully used for such a
long time that most practicing engineers are under the delusion that they
accurately reflect the physics of the phenomenon, especially since their scope
is not specified.

We believe there is an urgent need for a detailed description of those theories
that are presented in the design codes by working practices, as well as to point
out those important points of the theory of reliability that are absent in the codes.

Some thoughts on this issue are given below. These are just individual
statements on the specified topics and not an exhaustive coverage of the
problem as a whole. We believe that the presented text can initiate a scientific
discussion and be useful both for the developers of design codes and for the
creators of FEA software.

Recommended Reliability Parameters. The method of checking the
reliability of structures, adopted in the design codes [1, 5, 10, 21], considers
the probability of failure as a measure of reliability. It is based on comparing
the failure probability P, and the related reliability index B, with their
allowable or target values P, and B, The procedure for assessing the
reliability of a structural system is reduced to the following inequalities:

P_ /’S P tag (1)
or
sz Btag~ (2)

For example, three classes based on the consequences of failure are
introduced in EN1990 [5], which are represented by target values of reliability
indices B,,,. Ukrainian codes [21] provide these values for a 50-year period and
they depend not only on the class of failure consequences, but also on the
category of importance of the element, and on the load case.

The recommended values of the reliability indices By, in [5] are related to
both the predicted consequences of failure and the relative cost of safety
measures. [ISO 2394:2015 [10] contains target reliability levels established on
the basis of economic optimization using the life safety criterion, according to
which the marginal cost of saving a life is estimated (Fig. 1).

They are based on the so-called compound social indicator — Life Quality
Index (LQI). This compound indicator includes three important social
parameters: the value of gross domestic product per capita; average life
expectancy; the share of active working life.

The threshold (limit) value of Prq (see Figure 3), set using the LQI
criterion, determines a certain range of acceptable values within which cost
optimization should be performed.
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Fig. 1. Accounting for LQI in the optimization analysis

However, it is not explicitly stated whether the recommended value of B,,,.
applies to the design section, to a separate structural member or to the
structural system as a whole, and how these probabilities correlate. By indirect
evidence, most likely they are related to the considered design section.

As the analysis shows, the failure of an individual structural member
usually has significantly less negative consequences than the complete
destruction of the entire structural system or a significant part of it. This should
be taken into account in optimization reliability analyses [3, 13, 21], while it
should be expected that the target values of annual failure probabilities will
differ for a structural member and for a structural system.

It is stated in [18] that, in general, the target reliability index of a structural
element should be higher than the target reliability index for a structural
system, except for systems with a high degree of static uncertainty. However,
for series systems, the target reliability index is used as for a separate element,
which leads to a decrease in the overall reliability index of the structural
system as a whole (if the individual elements are to a certain extent
independent).

Clarification of Concepts of Limit States. The ultimate limit state analysis
usually considers the local bearing capacity of a design section. And the
method of checking the bearing capacity adopted in the design codes, which is
based on the idea of a consistent and independent assessment of the reliability
of design sections, assumes that the elements of the system are connected in
series, so that the failure of any of them leads to the failure of the entire
system. Such an approach is quite justified for statically determinate systems
[26], but it’s not so certain whether it can be applied to statically indeterminate
systems. Indeed, the failure of an element here does not automatically lead to
the failure of the system, because a redistribution of forces is possible. Using
this method we will only get higher reliability of course, but the price for such
reliability remains unknown.

The concept of “bearing capacity” has a broader meaning, if we talk about
the structure as a whole. It is known that violation of the strength condition in
the section does not always lead to catastrophic consequences. However, it has
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not yet been possible to formulate a sufficiently general limit state criterion for
the entire structure, since each structure will have its own limit state, and,
possibly, not the only one. This circumstance indicates another way of
regulation, which is formulated in terms of the functional purpose of a building
or structure, certain restrictions of which determine the limit state.

A typical example of this approach can be found in the US Federal
Emergency Management Agency (FEMA) manuals, which contain 4
monitored performance levels [6]:

e (OL) — Operational Level. Backup utility services maintain functions; very
little damage.

e (IOL) — Immediate Occupancy Level. The building remains safe to occupy;
any repairs are minor.

e (LSL) — Life Safety Level. Structure remains stable and has significant
reserve capacity; hazardous nonstructural damage is controlled.

e (CPL) — Collapse Prevention Level. The building remains standing, but
only barely; any other damage or loss is acceptable.

Focusing on the performance characteristics of the structural behavior,
among other things, allows you to use the idea of the possible implementation
of several limit states during the life of a structure, since they are essentially
reduced to interruptions in operation.

It should also be noted that one of the main ideas that form the basis of the
limit state design method is the thesis that of all possible technical states of an
operated structure, only its limit states are selected for the analysis. It is
assumed that the behavior of the system before or after the limit state does not
affect its operability (ultimate limit states) or the probability of difficulties in
the process of its operation (serviceability limit states). And the linear analysis,
which was used as the basis for developing the limit state design method, is not
aimed at analyzing the post-critical behavior of the system.

However, the analysis of the system response for any fixed states is not

always sufficient to assess the reliability

AP of the system. This fact becomes

| especially noticeable after a nonlinear
Fyplsmmmmmninming analysis which takes into account the
Pl S | redistribution of forces in the system and
Pl o7 reveals the actual limit state of the

! structure. The simplest example is given

|
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: S,, a graphical illustration of which is
| shown in Fig. 2 as a relationship between
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: F Comparison of their safety margins at
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Fig. 2. Comparison of equilibrium a slight increase in P in the S system
curves leads to a sharp increase in the reaction,
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up to its critical value, which is not observed in the S, system. Hence, a
proposal appeared to consider not only the concept of the limit state but also
the system behavior characteristic, which is determined by the gradient of the
system response relative to the external action g = dF/dP [22].

It should be noted that this approach is almost always used in experimental
studies of the structural operation, in which the experiment stops when, for
example, a rapid increase in deflections begins.

Analysis of Accidental Situations. Ukrainian and Russian standards have
ignored the analysis of accidental situations for a long time. This approach was
based on the idea that limit states correspond not to accidental, but to pre-
accidental situations. However, even within this concept of failure-free
operation during a given service life, an external accident can still occur.

In other words, an accidental design situation is a phenomenon that represents
exceptional conditions for the operation of a structure under accidental actions
that have a low probability of occurrence and a short duration, but can usually
lead to severe consequences if special measures are not taken.

After the analysis of these situations the list of limit states has been
expanded: foreign codes began to consider accidental situations [5, 17, 9], and
special limit states appeared which were considered as the third group of limit
states [27, 28].

The codes [5] emphasize that the specified reliability requirements related
to the limit state analysis do not take into account gross human errors.
Therefore, the failure probabilities given in the codes are not applicable to the
analysis of the special limit state (robustness, progressive collapse), which is
largely dependent on human error effects.

Robustness analysis and analysis of the structural response to possible
catastrophic impacts have now become an almost mandatory stage of the
design process. Scientists started doubting some of the main ideas of the
traditional approach to analysis, in particular, its focus on the statistical
properties of loads and materials. Catastrophic events that entail severe
consequences are extremely rare and there is not enough statistical data for
them. Therefore, the main approach is to shift the focus from external actions
to possible damages of the building. There are practically no probabilistic
justifications for such an approach, although some attempts have been made in
this direction [11, 19]. It was proposed, for example, to normalize the level of
resistance of the structure to collapse by acceptable risk values [4, 16].

These publications took into account that the probability of collapse is
determined by the probability of an accidental situation P[H], the conditional
probability of local damage of the considered element P[D | H], the probability
of its failure P[Failure | D]. Then the probability of the collapse of the system
is determined by the following relationship:

P[Collapse] = P[Failure | D] x P[D | H] x P[H] 3)
while accepting the condition P[H]=1.

For accidental situations that are the result of gross human errors, it is
logical to assume that the probability of encountering them increases with the
number of elements in the system #, although more slowly than linearly, since
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the degree of control usually increases along with the complication of the
system. Here, the relationship P[H]=C In(n) is suitable. In this case, the
constant C must be sufficiently small, since we are talking about rare events.
As for the probability of damaging a specific element, the elements are
equivalent in this respect and we can assume P[D | H] =1/n.

When assessing P[Failure | D] it should be taken into account that the usual
approaches provided by the current design codes are not fully applicable to the
problem of identifying the conditions of the total structural collapse. In
particular, you should keep in mind that the values of the partial safety factors
were taken based on the statistical properties of “usual” design situations, but if
we consider special limit states that correspond to extreme damage values, we
should focus on other socially acceptable values of the allowable collapse
probability. Here we are talking about a situation characterized by a low
probability of an event occurring with high socio-economic consequences of an
accident.

Paying attention to this circumstance, a number of publications [2, 12]
proposed to add an increment AB,,, = 0,4 to the reliability index in order to
take into account the consequences of a total collapse.

Values of the Safety Factors. One of the fundamental ideas of this method
was to take into account the statistical properties of those design parameters that
cannot be precisely established. But the idea of taking into account only two
statistically variable parameters (load and strength), which is the basis of bearing
capacity analysis, turns out to be unreasonable in many cases. The thing is that
the property of variability is also inherent in a number of other parameters, the
values of which significantly affect the result of the analysis, but are not taken
into account in the current codes. Let’s point out some of them.

(a) The load effect (force, stress, etc.), which is compared with the bearing
capacity, is by no means always related to the load by a linear deterministic
relationship, which (and only it) allows the safety factor for load 7y, to be
assigned to the load effect. The transformation from load to load effect can be
performed using some parameters with random values. In this case, the
aforementioned assignment of y, can lead to a gross error [23].

(b) The resistance parameter is directly related to the mechanical
characteristics of the material and the safety factor for the material is
determined only by the variability of the mechanical properties in the case of
the strength analysis. When performing the stability analysis of a compressed
bar, its bearing capacity is determined by its random initial imperfection and
random eccentricity [26].

Indeed, in the case of a strength analysis of a centrally compressed bar, for

example, a random value of the safety margin S‘R, expressed in stresses, is
presented as the difference between random values of ultimate stresses G, and
compressive stress G, , the reliability index is determined by the formula:

c_7115 — c_70

cE N
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and in the stability analysis the safety margin is equal to

2 pn
5 . . .z TEG,
stab_cT_GO_(e+}\’ f)TczE—&O}\,z s (5)
its variability
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random values of eccentricity and initial imperfection, respectively.
Unlike (4) the reliability index is equal to
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In this case the analysis should obviously use not only the safety factors for
the material and for the load.

The values of the partial safety factors are usually determined by a linear
probabilistic analysis. The criteria for the limit state analysis, formulated in terms
of limit forces, may not be applicable when there is no proportionality between
the loads on the system and the internal forces and moments. At the same time,
the question remains unanswered about using the results of the nonlinear
analysis of forces, whether to apply the same factors that are used based on the
results of the linear analysis or to introduce others (but which?), etc.

It is important that the verification of compliance with the requirements of
any of the considered limit states uses both the safety factor for load y, and the
safety factor for material v, and, therefore, the reliability of the structure is
determined by both of these values. These factors are usually based not only
on probabilistic and statistical data, but also on some additional considerations
(control methods, data incompleteness, etc.). Therefore, the level of reliability
is to a certain extent regulated by those additional margins that appear both on
the left and on the right hand side of the limit inequality and depends on their
consistency. But the established practice is such that the normalization of the
values of yand y,, is carried out independently by different research teams, and
the procedure for their coordination is not defined in any way.

Possible Relationship between the Safety Factors for Load and Safety
Factors for Material. The safety factor for load and the safety factor for
material are defined in such a way that these factors allow for the possible
unfavorable deviations separately.

In most cases, in particular for all linear systems, this is true and the main
inequality of the limit state design method is as follows:

WYnY/F nSYcYmRm (8)
here v is the combination factor, y, is the importance factor, y,. is the service
factor.
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However, this is not always feasible in physically nonlinear problems,
where the uncertainties of the action and resistance models can be closely
related, for example, by using the same physical relationship o=f{€) both in the
stress-strain analysis (i.e., load effect), and in the bearing capacity analysis.

And a real example, when the action effects and resistance parameters are
not separated, is analyzed in detail in Eurocode-7. The Guide [30] says: “In
contrast to the checking of structural designs, geotechnical actions from and
resistances of the ground cannot be separated: geotechnical actions sometimes
depend on the ground resistance, e.g. active earth pressure, and ground
resistance sometimes depends on actions...”.

Load and Load Effect. The variability of loads and actions, allowed for by
the factor yf, can be taken into account in the analysis in various ways. The
thing is that not the values of the design loads F, but the values of the effects
of these loads S, (forces, stresses, displacements, etc.) are used in the design
checks. However, the action effect is not only a function of the action itself,
but of the characteristics of the design model as well, so its variability may
differ from the characteristics of the action variability.

In practice, the probabilistic characteristics S, are usually identified with the
probabilistic characteristics of the load F, using the safety factor vy, for S,, the
value of which is determined by the properties of the load.

This is always true when S is linearly dependent on F. Indeed, if S = cF (c is

the influence coefficient) and F is a random variable with a mean F and

standard F value, then the random variable S has the following mean and
standard values:

S =CF, S’zcﬁ, 9)
and the coefficient of variation of the load effect is equal to the coefficient of
variation of the load.

It will not be true for a nonlinear relationship S = f(F) though, and two

approaches are possible when the partial factor y,is applied:
e cither to the standard load values and then S, = /(v F,);

e or to the action effect itself and then S, =y _f(F), where the safety

factor vy, has a value different from y.

Such situations are typical for the analysis of geometrically nonlinear systems,
where internal forces and moments can increase slower or faster than the load. In
the first case we are dealing with geometrically hardening systems (most of the
suspended structures), and in the second case — with geometrically degrading
systems. Variability of the load effect for geometrically hardening systems

(Fig. 3 (a)) is less than the variability of the load and, therefore y <7, and

greater for geometrically degrading systems (Fig. 3 (b)), so v, 2, .

An even more complicated situation arises when the transition from F to S is
such that the influence coefficient ¢ turns out to be a random variable. Here, the
design combination of loads (and the characteristics of the scatter of their values)
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or the design combination of internal reactions of the system (forces, stresses,
displacements) are different situations which depend on such random parameters
as the position of the crane bridge on the crane beam and the position of the trolley
on the crane bridge. The characteristics of the scatter of load values obviously do
not coincide with the similar characteristics of the load effects for the crane beam
and for the column. This fact was confirmed by statistical testing [23].
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Fig. 3. S-F diagram options

One of the results of statistical simulation is presented in the form of
polygons of normalized values in Fig. 4. The normalization was carried out
with respect to the data of the deterministic analysis. A relative value of 0.294
corresponds to the standard value of the bending moment in the crane beam
caused by the load from two cranes with 95% reliability, i.e. the difference was
threefold.
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Fig. 4. Polygon of bending moments in a beam

Vulnerability Assessment. The limit state design method tacitly assumes
that the design considers and takes into account all the loads and actions that
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may occur during the life cycle of the designed structure. But in addition to
clearly predictable loads and actions, there is always a possibility of a random
action on the design structure that is not provided for neither by design codes
nor by the designer’s prediction. From the point of view of these surprise
events vulnerability of the design object is an important characteristic.

Vulnerability characterizes a possibility of causing damages of any nature to
the considered system by some external means or factors. Vulnerability is
closely related to a well-known characteristic of “robustness” and to an
additional characteristic — “mobilization” recently suggested in [24]. The
robustness is considered as a spatial characteristic which shows how a local
perturbation spreads throughout the space of the system and whether this local
destruction can get a disproportionately large development “in breadth”.

While mobilization shows the readiness and ability of the system to react to
a local in time (pulse) unexpected perturbation. In both cases, the perturbation
may be too strong to ignore its consequences, but its nature makes it
impossible to predict the time and place of its occurrence, as well as other
quantitative characteristics. Noticeable absence of the structural mobilization,
as well as insufficient robustness, should serve as a reason for the increased
attention and use of some protective measures.

Reliability of Protected Systems. Issues of analyzing load-bearing
structures equipped with protection systems (seismic protection, fire
protection, overload protection, etc.) are becoming increasingly common in the
design practice. These systems change the nature of actions on the bearing
structures, their intensity and, sometimes, statistical properties.

It is necessary to distinguish between protection devices that are included in
the system as additional elastic, plastic or damping parts and change the static
and kinematic properties of the protected system (for example, all seismic
isolation systems), and protection devices that break when overloaded and
remove the load from the protected structure (for example, protection against
explosions in the form of easily removable structures).

There are no new fundamental issues in the first case, only the properties of
the considered structure change, and its reliability increases due to these changes.

In the second case, the protection has an ambiguous effect on reliability. On
the one hand, it reduces the probability of accidents, since an accident can occur
only when the protection fails. If the protection is absolutely reliable, the crash
failures do not occur at all. On the other hand, the probability of hang failures
increases, since some of the crash failures are transformed into hang failures.

The issues arise here of checking the bearing capacity of both the protected
structure [20, 15] (what is the safety factor for load), and the protection system
which should have a guaranteed operability margin and, therefore, be guided
by some values of partial factors. You should keep in mind here that an
excessive increase in the breaking load by the protection leads to the fact that
its “protective function” is reduced, and a decrease in this load leads to an
increase in the number of hang failures.

Conclusion. The above considerations give only a partial idea of the range of
issues that arise when comparing working practices with the theoretical
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fundamentals they should correspond to. It should also be noted that the design
codes do not provide any justifications for their recommendations. There is no
such information in the textbooks as well. As a result, practicing engineers with
standard education treat the design codes as the main source of knowledge.

We apparently need some supplements to the design codes like Background
documents issued by the authors of Eurocodes. The guides to the Ukrainian
and Russian codes have a different purpose (detailing, examples of application,
etc.) and do not serve this function.
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Ilepenvmymep A.B.
TEOPISI CHOPYJ] 1 HOPMU NPOEKTYBAHHS

Hopmu OyniBenbHOro MpOeKTYBaHHS IPYHTYIOTBCSL HA METOI IPAHUYHUX CTaHIB, 32 JOIIOMOI OO
SIKOTO Peaji3yloThCsl BUMOTH HAIIHHOCTI, SIKI BHCYBAIOTBCS O OyAiBENBHHX KOHCTPYKLIH. 3 METO0
CIPOCTHTH iX BHUKOPHCTaHHS HOPMH [OCTAaTHBO YacTO CBIZOMO BIACTYIAIOTh BiZ HAayKOBO
OOTPYHTOBaHUX TEOPETHYHHX IIOJI0XKEHb TAKUX (yHAAMEHTAIbHUX IUCLUILIIH, SIK TEOPist IPY)KHOCTI
Ta Teopist INIACTHYHOCTI, HATOMICTh 3aCTOCOBYIOYH TAK 3BaHi po0oUi METOAU. Y CTAaTTi MOKa3aHo, IO
HasBHI HETOYHO C(HOPMYNIOBaHI PEKOMEHIALIl HOPM MPOCKTYBAHHS, a TAKOX 3a3HAYAETHCS, LIO
nesiki BaxkuBi mpoGuieMu OyIiBEIbHOrO POEKTYBaHHS 1 30BCiM He BinoOpaxeHi y Hopmax. Ckazane
BIJIHOCUTBCS /10 BUOOPY 3HAa4CHb WMOBIPHOCTI BIZIMOBH, JI0 BHKOPUCTAHHS YaCTKOBUX KOe(illieHTIB
HAZIfHOCTI, METOAMKM pO3paxyHKy y BHIIAAKy aBapiiiHOi cuTyarii, mpoOieM BHKOPHUCTAHHS
Pe3yJbTATIB HETiHIHOTO PO3paxyHKy TOLIO.

VY craTTi mpencraBieHi Aeski MIpKyBaHHs IOAO 3a3HAYCHHX MHUTaHb, IPH L[bOMY TOJOBHA
yBara IpujiJieHa aHali3y MPOCKTHOT Tpajuilii, IO CKJajach, Ta BKa3iBKaM Ha HEpPO3B’si3aHi
npobseMu. Po3risiHyTi mpoOJieMH PeKOMEHIOBAaHHMX IapaMeTpiB OC3MEKH, YTOYHEHHS IMOHATH
IPaHHYHHX CTAHIB, aHANI3y aBapiHUX CUTYaLliil, 3Ha4eHb KOe(ili€HTIB HaAIIfHOCTI Ta MOXKJIMBOIO
3B’s13Ky KOC(]Il[ieHTIB HaMiHHOCTI 32 HaBaHTAXCHHSM Ta 3a MarepiajioM, HAaBaHTAXCHb Ta
HABaHTAXKYBAJIbHHUX e()EKTIB, OLIHKH YPa3JIMBOCTI Ta HANIHHOCTI 3aXUILEHOI CHCTEMH.

HaBeneni y craTri MipKyBaHHSI JAalOTh JIMIIE YAaCTKOBE YSBICHHS PO KOJIO MHUTaHb, IO
BHHHKA€E [PH 3iCTABJICHHI pOOOYNX METOIIB HOPM IPOCKTYBAHHS 3 TEOPETUIHUMH MOJIOKEHHIMH,
SKAM BOHM [OBHHHI BigmoBigatu. IIpy 1LbOMY CIJ 3ayBaKWTH, LIO NPAKTHKA BHKJIAJCHHS
HOPMaTHUBHUX JIOKYMEHTIB, sIKa CKJIaJlaCh, HiIK HE MPOrOJIOLIYE 3B’SA30K PEKOMEHMAAL HOPM i3
JOCTIIKEHHAMH, sIKi iX 0OIpyHTOBYI0Th. IIpencraBieHa cTaTTss MOXe MOKJIACTH IOYATOK IS
HAyKOBOI THCKYCii, a TAKOXK OYTH KOPHUCHOIO SK JJIs1 pO3POOHHKIB HOPMATHBHUX JOKYMEHTIB, TaK i
JULsL PO3POOHHUKIB IPOrpaMHHX CHCTEM, OPIEHTOBAHHMX HA PO3PAXyHOK OYAIBEIbHUX KOHCTPYKIIiii.

Kia104oBi cjioBa: iiMOBIpPHICTh BiZIMOBH, 4aCTKOBI KOE(IlliEHTH HaIiiHOCTI, TPAHUYHI CTaHH,
OyiBenbHI HOPMH
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Perelmuter A.V.
THEORY OF STRUCTURES AND DESIGN CODES

Building structures should correspond to the reliability requirements which are implemented
with the help of design codes. The latter are based on the method of limit states. In order to
simplify the verifications, the design codes often deliberately deviate from the scientifically based
theoretical provisions of such fundamental disciplines as the theory of elasticity and the theory of
plasticity, replacing them with the so-called working practices. The paper presents that there are
inaccurately formulated recommendations in the design codes. The paper also specifies on some
important problems that are not reflected in the design codes. This applies to the choice of failure
probability values, the use of partial reliability factors, the calculation methodology in case of an
emergency, the problems of using the results of nonlinear calculation, etc.

The paper presents some considerations on these issues, with the main attention being paid to
the analysis of the existing design tradition and guidance to unresolved issues. The problems of
recommended reliability parameters, clarification of the limit state concepts, analysis of accidental
situations, the safety factors values and possible relationship between the safety factors for load
and the safety factors for materials, loads and load effects, vulnerability assessment as well as
reliability of protected systems have been considered.

The considerations presented by the paper give only a partial idea of the range of issues that
arise when comparing working practices used in the design codes with the theoretical
fundamentals they should correspond to. It should also be noted that the design codes do not
provide any justifications for their recommendations. The presented paper can initiate a scientific
discussion and be useful both for the developers of design codes and for the developers of software
packages implemented the design codes.

Keywords: failure probability, partial safety factors, limit state, design codes

Ilepenvmymep A.B.
TEOPHUS COOPYKEHU U HOPMBI MTPOEKTUPOBAHMSI

HOprl CTPOUTEJIIBHOI'O IMPOCKTUPOBAHUA OCHOBBIBAKOTCA HA METOAC MPEACIBHBIX COCTOﬂHHﬁ,
C IIOMOLIBI0 KOTOPOT'0 Pean3ytoTcs TpeOOBaHUS HAJIEKHOCTH, BBIJABUTAIOILUECS K CTPOUTEIbHBIM
KOHCTpYKUMsAM. C ILEIbl0 YHOPOCTUTh MX HCIIOJIb30BAHUE HOPMBI 3a4acTyl0 CO3HATEIbHO
OTCTYNAIOT OT HAayYHO OOOCHOBAaHHBIX TEOPETHYCCKHX MOJIOKCHHH TakuX (yHIaMEHTaIbHBIX
JUCLHHUIUIMH, KaK TC€OPHA YNPYrOCTH U TCOPUA IIACTAYHOCTH, MOAMEHSS UX TaK Ha3bIBA€MbIMH
pabounMu Merojamu. B craThe MOKa3aHO, 4YTO HMEIOTCS HETOYHO C(HOPMYJIHPOBAHHbIC
PEKOMEH/JALIMY HOPM IIPOEKTUPOBAHUS, a TAKXKE YKa3bIBACTCS, YTO HEKOTOPBIE BaXKHBIE ITPOOIIEMBI
CTPOMUTENBHOTO NPOEKTUPOBAHUS U BOBCE HE OTpakeHbl B HOpMmax. CKa3aHHOE OTHOCUTCS K
BHIOOpY 3HAYCHHH BEPOATHOCTH OTKa3a, K HCIONB30BAHMIO YAaCTHBIX KO3 duIreHToB
HAJIOKHOCTH, METOJHMKE pacdeT B Cilydae aBapUilHOM cHUTyaluu, MpodJieMaM HCIOJb30BAHUS
pe3yJIbTaTOB HEJIMHEHHOr0 pacyera u Ap.

B cratbe mpesncraBiieHbl HEKOTOpblE COOOPaXXEHHMs IO YKa3aHHBIM BOIPOCAM, IPH 3TOM
I'TaBHOC BHUMAHUE YIACIICTCSA aHAIM3Y cnomnsmeﬁcu ﬂpOeKTHOﬁ Tpagulul MU YKa3aHUsAM Ha
HepelIeHHbIe NPo0ieMbl. PaccMOTpeHbl po0ieMbl pEKOMEHyEeMbIX ITapaMeTpoB 0€30MacHOCTH,
YTOUHEHHsI TOHATUH O MPEAEIbHBIX COCTOSHHM, aHanM3a aBapUHHBIX CUTYalMH, 3HAYCHUH
K03()PUIMEHTOB HAJEKHOCTH ¥ BOBMOXKHON CBsI3H KOX(PGUIIMEHTOB HAJEKHOCTH O HArpy3Ke
[0 MaTrepually, Harpy30K M Harpy3o4HbIX 3((EKTOB, OLECHKH YS3BHUMOCTH U HaJSKHOCTH
3aIUUILIEHHON CHCTEMBI.

le/lBeﬂeHHble B CTaThC c006pa>|<el-l1/m JArT JIMIIb YaCTUYHOE MPEACTABJICHUE O TOM Kpyre
BOIIPOCOB, KOTOPBII BO3HUKAET IPH COMOCTABICHUU PabO4YHUX METOJOB HOPM MPOECKTUPOBAHMS C
TECOPETHYCCKUMHU T10JIOKEHUAMH, KOTOPBIM OHH OOJDKHBI COOTBETCTBOBATb. l'IpM 3TOM CJIeAyeT
OTMETUTH, YTO CJIOXHUBIIAACA IPAKTHUKa M3JI0KCHUSA HOPMATHBHBIX HNOKYMCHTOB CBA3b CBOHMX
peKOMeH}laLll/lﬁ C OGOCHOBblBalOLLLl/lMl/l HX HMCCJICAOBAHHUSIMH HUKAK HE Orjamiact. npe}lCTaBJ’lCHHaﬂ
CTaThsl MOXET IIOJIOKUTh HAYaJI0 UIsi HAYYHOH JMCKYCCHUM, a TaKXKe ObITh IOJIC3HOW Kak s
pa3pabOTYMKOB HOPMATHBHBIX JOKYMEHTOB, TaK W JJIs CO3JaTelieil MPOrpaMMHBIX CHCTEM,
OPHMEHTHPOBAHHBIX HA PACUET CTPOUTEIILHBIX KOHCTPYKIMH.

KiioueBble ci10Ba: BEPOSITHOCTh OTKA3a, YaCTHBIC KOI(D(ULUMEHTH HAIKHOCTH, IIPEAeIbHOE
COCTOSIHHUE, CTPOUTEIIbHBIC HOPMBI
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IIepenvmymep A.B. Teopisi ciopya i HopMu npoexTyBaHHs // Omip MaTepiaiiB i TeOpis CIOPYA:
Hayk.-Tex. 30ipH. — K.: KHYBA, 2022. — Bun. 108. - C. 3 — 16.

Hopmu 6y0ieenvnozo npoexnyeants pyHmyomscs Ha Memooi epaHuyHux Cimamie, 3a 00noMo20io
K020 peanizylomvbcs gumocu Haoitinocmi. OOHAK yi euMoeu, wo npeocmagieHi 6 HOpMAax, He
3a62C0U  8IONOGIOAIOMb OCHOGHUM MEOPeMUUHUM Noaodicentam. € Hemouno cgopmynvosani
pexomeHoayil, 0esKi eaxcauei npobiemu He gioobpadiceni ¢ Hopmax. Lle sionocumocsi 0o subopy
3HAYEHb UMOGIPHOCMI 6IOMO8U, 00 BUKOPUCMAHHA YACMKOBUX KOeqiyicHmis HaoiliHOCMI,
MemOOUKU PO3PAXyHOK V pasi aeapitiHoi cumyayii, npooiem 6UKOPUCMAHHS Pe3yibmamis
HeNinitino2o po3paxyuky ma in. Y yiu pobomi npedcmaegnemni OesaKi MIPKYSAHHS 3 3A3HAYEHUX
nuUmMansb, npU YboMy 20J108HA Y8aAd NPUOLIACMbCA AHANIZY NPOEKMHOI mpaduyii, wo ckiaiacs, i
6KA3IBKAM HA HesUpiueHl npooaemu.
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Perelmuter A. V. Theory of structures and design codes // Strength of Materials and Theory of
Structures: Scientific-and-technical collected articles — Kyiv: KNUBA, 2022. — Issue 108. — P. 3—
16.

Building design standards are based on the method of limiting states, with the help of which
reliability requirements are implemented. However, these requirements are presented in the norms
do not always correspond to the fundamental theoretical provisions. There are inaccurately
formulated recommendations, some important problems are not reflected in the norms. This
applies to the choice of failure probability values, the use of partial reliability factors, the
calculation methodology in case of an emergency, the problems of using the results of nonlinear
calculation, etc. This paper presents some considerations on these issues, with the main attention
being paid to the analysis of the existing design tradition and guidance to unresolved issues.
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Ilepenomymep A.B. Teopusi coopy:keHMii M HOPMBI npoexkTupoBaHusi // COnpoTHBIICHHE
MaTepHaIoB U TEOPHs COOPYXKEHHUi: Hayd.- Tex. coopH. — K.: KHYCA, 2022. — Bpm. 108. — C. 3-
16.

Hopmul cmpoumenbno2o npoekmupo8aniisi OCHOBbIBAIOMCS HA MEMOOe NPEOebHbIX COCMOSIHULL, C
NnOMOWbIO KOMOPO2o peanuzyiomcs mpeboeanus naoexcnocmu. OQonako smu  mpebosanus
npeocmaegienvl 8 HOPMAX He 6ce20d COOMEEmCmEYIon OCHOBONONALAIOWUM MeOPeMUYecKuM
nonodicenusm. Mmeromess HemouHo cGopmyauposannvle pekomMeHOayuu, HeKOmopbwle GadlcHvle
npobIeMbl HUKAK He OMpadicelvl 6 HOpMax. Mo OMHOCUMCA K GblOOPY 3HAUEHU GePOSMHOCIU
omKasa, K UCNOAb306aHUI0 YACHHBIX KOIPDUYUEHMO8 HAOEICHOCU, MEMOOUKE PACYHEm & Cyyae
asapuiinoll cumyayuu, npooIemMam UCnoIb306aANHUs PE3YIbMAmo8 HeauHelino2o pacuema u op. B
9moil pabome npeoCMAsneHnbl HEKOMopbvle CO0OPANCEHUs NO YKA3AHHbIM 60NPOCAM, NPU IMOM
2nasnoe GHUMAaHue YOensiemes: auanu3y CAOACUBUIETICS NPOEKMHOU MPaouyuu U YKa3auusim Ha
Hepeulennble npooIeMbL.

Wn. 4. Taba. 0. bubauor. 30 Ha3B.
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