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Awnoranis. [TpoananizoBaHo npobjeMu HaAiitHOCTI BEJMKONPOJIbOTHUX BUCIYMX TOKPUTTIB. OnucaHi npuH-
TIMTIOBI TiIXO/IM JI0 YPaxXyBaHHs HA/LITHOCTI BY3J1iB B PO3paxyHKaX HA/IIITHOCTI BUCSINX CTEPKHEBIX IIOKPUTTIB.
A po3paxyHKOBi IPUIHATI OTTOPHI BY3JHN KPIIJIEHHSI THYYKO->KOPCTKOI HUTKH /10 30BHINITHBOTO 1 BHY TPIiIlTHBO-
TO KOHTYPY, IPOMiKHi BY3JI1 BEPXHBOTO i HIKHBOTO TIOSICIiB HECYU0i HUTKH, BY3JIH KPIiTlJIeHHST BePTUKATbHUX i
TOPU3OHTATBHIX 3B'I3KiB /10 HECYYNX HUTOK MMOKPUTTS. B aHami3i mpuitHATI JTOTiKO-iMOBipHICHI METO/H OIIiH-
KU Ha/IIITHOCTI BY3JiB i METO/M, 3aCHOBAaHI Ha MaTeMaTUJHi# cTaTUCTHII. [IpoBenennii cTpyKTypHUIT aHaTi3
Ha/IiITHOCTI BY3JIiB BUCSYNX TIOKPUTTIB TIOKA3aB, 110 BOHU B OCHOBHOMY OTHCYIOTHCS TTOCTiTOBHUMH CXeMaMH
i3 BKJIIOYEHHSIM TapajelbHUX 3'€IHaHD 3aT€KHUX €JeMEHTIB, BIAMOBIAHNX HaraToeJeMEeHTHUM CIIOJNYKaM,
migibpaHuM 3 3aracoM. BpaxyBaHHsI KOPEJISIIi Mik eJleMEHTAMI CTPYKTYPHIX CXeM BY3J1iB BHACIIOK CITIJIBHOCTI
3YCHJIb i MIITHOCTI CTaJli IO3BOJIIE CKOPOTUTH YUCJIO BPAXOBAHUX y CXEeMI €JIEMEHTIB 1 MiJ[BUIUTH ITi/ICyMKOBY
OI[IHKY Ha/liiHOCTI.

KiouoBi cioBa: mpocTopoBO-cTEpKHEBA BHCSIYa 000JTOHKA, 3THHAIBHO-)KOPCTKI HUTKH, BY30J1, TOKA3HUKN
Ha/IiIHOCTI, HANIPy»KeHO-/1e(hOPMOBAHNH CTaH, JOTiKO-IMOBipHICHI MeTO/IH.

IMPUHINIINAJBHBIE ITOAXO0AbI K YYETY PABOTbBI Y3J10B B
PACUETAX HAZTEAKHOCTHU BUCAYUX CTEP;KHEBBIX IIOKPBITHIA
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AHHOTa].lPIH. HpO&HaJII/ISI/IpOBaHbI HpO6JIeMbI HaJeKHOCTHU 6OJIbLHer0]16THbIX BUCAYUNX HOKprTHﬁ. Onuca-
HbI IIPUHIUIINAJIbHBIC TTOXO0/Ibl K YUYETY HAa/IEKHOCTU Y3JI0B B pacd€TaX Ha€KHOCTU BUCAYNX CTEPKHEBBIX
HOK])I)ITI/II‘/,I. B kauectBe PaCYETHBIX NPUHATHI OITOPHbIE y3JIbl KPEIJIEHU ST U3TUOHO-3KECTKOM HUTH K BHEITHEMY
1 BHYTPEHHEMY KOHTYPY, IPOMEXKYTOYHbIE Y3JIbl BEPDXHETO U HUKHETO I1I0SICOB Hecymeix’l HUTH, y3JIbl KpEIlJIe-
HUA BEPTUKAJIbHBIX U TOPU30HTAJbHBIX CBsI3el K HECYIIM HUTAM IOKPBITHA. B ananusze IIPUHATBI JIOTUKO-
BEPOATHOCTHbIE METO/IbI OLICHKN HaJIESKHOCTHU y3JI0B U METO/Ibl, OCHOBaAHHbIE Ha MaTeMaTU4ecKol CTaTUCTU-
Ke. HpOBeZleHHbIﬁ CprKTyprIﬁ AHaJIN3 HAJIESKHOCTU Y3JI0B BUCAYNX HOKprTPII?I ITOKa3aJl, YTO OH1 B OCHOB-
HOM OIIMCBIBAIOTCA IT0CJIEI0OBATE/IbHBIMU CXE€MaMM C BKJIIOYEHUEM IlapaJljieJIbHbIX COeJIMHEHU T 3aBUCUMBIX
JJIEMEHTOB, COOTBETCTBYIONINX MHOTO3JIEMEHTHBIM COCIMHEHUAM, HOZIO6paHHI)IM C 3amacoM. Yuer KoppeJia-
I MEX/Ay 3JIEMEHTaMU CTPYKTYPHbBIX CXEM Yy3JI0B BCJIEACTBUE O6HIHOCTI/I YCI/I]II/Iﬁ 1 IIPOYHOCTU CTaJIH I10-
3BOJIIET COKPATUTD YMCJIO YYUTBIBAEMbBIX B CXEME 3JIEMEHTOB U TIOBBICUTDH PE3YJbTUPYIOUIYIO OIICHKY HA/I€XK-
HOCTH.

Kiouessie cioBa: IIPOCTPaHCTBEHHO-CTEPKHEBAA BUCAYAA 060]10‘-11{3., U3THOHO-KECTKHE HUTH, y3eJl,
TIOKa3aTeJin HaJle’KHOCTHU, II&l'[pSI}KGIIIIO'Zle(bopMI/IpOBaIHIOG COCTOAHNE, JIOTUKO-BEPOATHOCTHBIE METO/IbI.



90

Volodymyr Mushchanov, Turii Priadko

FUNDAMENTAL APPROACHES TOWARDS JOINTS OPERATION AT
RELIABILITY DESIGNS OF SUSPENSION BAR ROOFS

Volodymyr Mushchanov, Iurii Priadko
Donbas National Academy of Civil Engineering and Architecture,
2, Derzhavina Str., Makiyivka, Donetsk Region, Ukraine, 86123.
E-mail: yura_pryadko@mail.ru

Received 29 January 2014; accepted 25 April 2014.

Abstract. The problems of reliability of large-span suspension roofs have been analyzed. The fundamental
approaches to regard of joints reliability in designs of reliability of suspension bar roofs have been described.
The bearing joints of sheeting of curved and rigid filament to the external and internal outline, interstitial
joints of the top and lower chords of bearing filament, sheeting joints of vertical and horizontal connections
to the bearing filaments of the roof have been accepted as the designed data. The logical and probabilistic
methods of estimation of joints reliability and methods based on the mathematical statistics have been
accepted in the analysis. Carried out structural design of reliability of joints of suspension roofs has shown
that they are mainly described by sequential schemes including parallel connections of dependent elements
corresponding to multi-elementary connections selected in store. Correlation regard between the elements
of structural schematic drawings of joints in consequence of generality of intensification and strength of
steel allows to reduce quantity of elements in the scheme and increase resulting estimation of reliability.

Keywords: space and bar suspension shell, curved and rigid filaments, joint, reliability indices, stressed-

strained state, logical and probabilistic methods.

Introduction

The problem of reliability of structures is a constit-
uent part of a science of building elements uniting
problems of design, designing work, production,
erection and operation of building and construction-
al structures.

Reliability of metal structures of buildings and
constructions representing themselves statistically
determined and non-determined systems of compo-
nents was investigated by many researchers. The
separate problems and samples were considered in
papers of V. V. Bolotin, P. L. Vizir, B. N. Koshutin,
V. D. Reiser, A. R. Rzhanitsyn, A. V. Perelmuter,
V. P. Mushchanov, G. Schpete, G. Augusti, A. Baratt,
R. M. Bennet, M. Vorlitchek, etc. [7, 8, 10, 11, 13,
14].

In the engineering theory, reliability evaluation
of complex systems is usually reduced to examina-
tion and analysis of two principal kinds of joints
[11]:

a) series connection, failure-free work probability
of which at independent components is deter-
mined as

r=11~", (1)

i=1

where P is probability of failure-free work of i-com-
ponent;

b) parallel connection

P, =1-TT0-R). @

Series connection in probabilistic meaning can
be used for description of statistically determined
system, e. g. trusses.

But a practical evaluation of real structures reli-
ability cannot be reduced to application of simple
equation (1) in consequence of availability of cor-
relation between resistance conditions of compo-
nents.

Activities of statistically non-determined sys-
tems is definitely associated with parallel connec-
tion, but evaluation of their reliability cannot be
done according to (1) because of redistribution of
forces in the system after failure of separate compo-
nents which are dependent. Thus, reliability evalu-
ation of statistically non-determined structures re-
quires thorough and careful analysis of character of
their activities and failure under load and discount
of distinguishing features of failures of the compo-
nents and the system on the whole.

Reliability analysis of statistically non-deter-
mined system is usually done by the following meth-
ods and techniques: a method of states, a probabilis-
tic method of limiting equilibrium, a Monte-Carlo
method, a Markov model of reliability analysis [ 14].
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Gradual perfection of the numerical techniques
of stressed-stained state of building structures was
stipulated by the swift development of computer
engineering in 1960s and 1980s. T. A. Cruse,
J. C. Lachat, E J. Rizzo, A. S. Henry C. E. Massonet,
N. M. Belyaev, I. Ya. Shtaerman, N. I. Musknelish-
vili, G.N. Savin, B. N. Zhemochkin, A. P. Sinitsyn,
A. M. Kalandiya and other scientists were occupied
with the given problem.

The problem of reliability especially concerns
unique large-span structures. Among these are sus-
pension shell which have increased level of respon-
sibility on application denial from which can bring
to severe economic results and social consequences.
Duringtheir designing there are problems exceed-
ing the limits of existing regulatory documents.
Novelty of technical conceptions demand from a
structural engineer profound specific knowledge, an
experience of designing work of such kind of struc-
tures is required. Requirements of reliability, tech-
nological and economic efficiency have to be real-
ized in full volume, in this connection, environmen-
tal and social factors should be considered.

Nowadays, one of the most dynamic developing
kinds of space, large-span structures interesting in
architectural and structural relations are the sta-
tionary, suspension roofs (Fig. 1).
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The bases the shells design were founded in the
XIXth century. The intensive progress of the shells
design has been started since the 1930s. B. G. Galer-
kin, V. Z. Vlasov, S. P. Timoshenko, A. I. Lurier,
I. N. Vekua, S. Ph. Pichugin, V. Ph. Mushchanov,
V. 1. Trofimov, P. G. Yeremeyev, Donnell have great-
ly contributed to the design theory of three-dimen-
sional large-span shells [6,9, 17].

The joints occupy the significant part in compo-
sition of structures. Application of numerical simu-
lation permits to investigate the impact of structur-
al schematic drawing to the joints operation and
accumulate of necessary base of statistic materials
on stressed-strained state of such kind of joints. At
the same time, contemporary status of computer
engineering development opens possibilities for de-
termination of reliability estimation of joints of sus-
pension roofs, bearing in mind parameters of stressed-
strained state and correlation links between func-
tions of bearing capacity of joints elements.

A.R. Vegner, Yu. V. Sobolev, M. N. Mukhortov,
A. P.Mishchenko, R. A. Shafeyevand others[1, 11]
dealt with investigations of stressed-strained status
of steel structuresjoints. The steel joints abroad were
investigated by W. E Chen, K. W. Patel, S. V. Johnes,
P. A. Kirbyt, M. V. Walles, E. K. Rossow, G. A. Mor-
ris.
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Figure 1. Structural schematic drawing of spatial and rod roof: 1, 2 — external and internal contours, 3, 4, 5 — radial,

annular and diagonal components.
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The hot topic of provision of required level of
reliability at design work of large-span roofs, in par-
ticular of suspension and bar shells, in many aspect
determining the efficiency of large-span roofs con-
struction, has obtained its operational permit [10]
in which the method of design and design work of
rigid filaments of through section based on determi-
nation of numerical exponents of reliability of de-
signed structure has been made (Fig. 3). But the
given paper does not touch upon the problem of
joints operation records in composition of a shell at
determination of reliability level of the roof.

Nowadays, practically there are no investiga-
tions to estimate reliability of roofs on the whole
and reliability of their joints, that stipulate of ur-
gency of estimation problem of stressed-strained
state and reliability of welded joints of roofs and
working-out of recommendations concerning such
structures on the basis of obtained data.

The main objective at the given stage is to study
the fundamental approaches to determination of
joints reliability of suspension roofs by numerical
methods.

In the capacity of a fundamental example, let
us consider the joints reliability of large-span roof
with large cut on the elliptic plan designed with
application of the method Mushchanov—Priadko
[10] (Fig. 1, 2). The choice of the given method
provides its perfection with further regard of joints
operation in composition of a shell at determination
of the reliability level of the roof.

Let us consider the fundamental approaches to
regard of reliability of the main joints of system of
the roof determining its structural form. We can re-

Volodymyr Mushchanov, Turii Priadko

late to them the following: bearing joints of curved
and rigid filament to external outline «A» and inter-
nal outline «B», interstitial joints of upper and lower
chords of carrying filament «C», fastening joints of
vertical constraints to the filaments «D» and fasten-
ing joints of horizontal constraints to the filaments
«E» (Fig. 4,6). In this connection, it is necessary to
note that denial not each joint may bring to cave-in
all theroof. On thebasis of it, let us appoint the types
of connections of joints in the roof (sequential or par-
allel connection) given in the Table 1.

In accordance with accepted in logic and proba-
bilistic simulations notations [11], the conditions
of trouble-free operation of elements let us denote
by X, failure conditions by X’. The joint operation
on whole let us describe by the function of intro-
duced logical variables — the function of Boolean
algebra (FBA) y (X, X, .., X ) called as the condi-
tion of the system capacity (a joint).

The shortest way of successful functioning
(SWSF) describing probability of trouble-free op-
eration of minimum set of elements necessary for
trouble-free of the system is expressed in the form of
conjunction (logical multiplication) of elements:

k= Aie(Kp])Xi ) 3)
where K, —is a set of elements entering into the
given way.

Starting from the above-mentioned, the condition
of the system capacity (a joint) is described in the
form of disjunction (logical adding) of all d having
in the system the shortest ways of successful func-
tioning (SWSF):

VX X X)) = VAR =V A X1 (4)

ie(K,) i

Figure 2. Structural schematic drawing of space and bar roof. Open-cut mine 1-1.
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Table 1. Caving of joint elements
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Type of Type of
Notation of joint Type of caving of joint elements connection of | connection of
joint elements | joint in a roof
«A» (Fig. 4) See above (Fig. 5) Sequential
«B» (Fig. 6) 1 — caving of a sheeting gusset of carrying filament to the Sequential Sequential
internal outline because of failure of bearing welds;
2 — a sheeting bolt shearing of carrying filament to a gusset; Sequential
3 — loss of stability of sectional elements of the internal
bearing outline; Parallel
4 — caving of internal outline because of failure of sheeting
welds of sectional elements of outline. Parallel
«C» (Fig. 6) 1 — caving of row braces of filament because of failure of Sequential Parallel
welds of their sheeting to chords.
«D» (Fig. 6) 1 — caving of vertical connections elements (top chord, Sequential Parallel
bottom chord, braces, posts) because of failure welds of
their sheeting to filament chords;
2 — caving of sheeting gusset of vertical connection to the Sequential
chord of filament because failure of welds;
3 —bolts shearing of guy sheeting of a gusset of vertical Parallel
connection to the chord.
«D» (Fig. 6) 1 —caving of horizontal connections elements because of Sequential Parallel
failure of welds of their sheeting to the top chord of
filament;
2 —caving of horizontal gusset of connections elements Sequential
sheeting to the top chord of filament because of failure of
the welds.

Lets start with bearing joint of suspension roof
to the outer bearing outline «A» (Fig. 4).

Enumerated failures are represented in a form of
elements in a total structural schematic drawing
(Fig. 5). In this connection, it would be unjustified
the presentation of twin welds in poses of 4, 7 and
11 in the form of parallel connection because in the
latest ones each element enables to carry out a func-
tion rested on a connection. In examined joint, one
of two welds, obviously, cannot perceive double load
and a twin weld is actually a single weld superim-
posed by two plots reflected in series connection
X4, X7, X11.

In bolted connections of poses 2, 6, 10 especially
if the number of bolts has been determined structur-
ally from the condition of their distribution, the
operational regard of connection after failure of the
first and consequent bolts is possible. But, in this
connection, theload to the rest of the bolts increased
sharply, the character of their operation is changed
and can be reflected by the parallel dependent ele-
ments. The condition of the system capacity reflect-
ing the operation of a joint (Fig. 5) is described in
the form:

VXX, X)) = X, (X, VX VX VX)) %
XXy Xy X (X VX VX VX ()%
XX Xy Xo - (Xyg) VX 03V X 04) - X (5)

For conversion from logical function to proba-
bility one, the analysis of correlated bonds between
the elements can be implemented. One can take ap-
proximately that all the forces in the joint are pro-
portional to a load from the roof (main roof and
snow one), thus in the condition of non-destruction
of all the elements

Yi:XI:Ri_Si:UTI_GqIZOV (6)

parameters o, are connected functionally. The sec-
ond parameter o, obviously coincides for details 3,
5,8,9 and welds 4,7, 11. Thus, corresponding con-
ditions of the trouble-free operation X,, X, X, X,
X, X, X, have tight correlative connection with
r ~ 1. In consequence of it, at conversion from FBA
(5) to probabilistic form the pointed out groups of
elements have to be presented by «the weakest
units> with P, .

Probability properties of steel of details 3, 5, 8, 9;
ofbolts 1,2,6, 10 and of welds 4, 7, 11 are obviously
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1. Engineering analysis of the roof

1.1. Analysis of the bent and rigid thread 1.2. Structural analysis of the roof

, (x] = q(x}+p(x)
ST
(]

vy Vw
Equation of thread equilibrium

2
Eld—v:—HL:a))+q(x)=0 al | M
dx dx . ‘
Forces in thread components

Iy 1. Assignment of geometry parameters of the
NBHzN~a%+7-a-k shell;
2. Snow load S requirement of 51,54,1/7,(7;

N Qe M o
Nom = N PR 3. D,,D,,W ,U determination;
Improved values of forces 4. Determination of N and M forces from
Ny =kLk!Ngy Ny =k kLN, dependences of D, = f(M, W),
N} =k kIN, D, = f(N,W) D, =f(M,U), D, = f(N,U)

\4

2. Numerical analysis of the shell in the software SCAD
(determination of trace to failure)

v
3. Probabilistic design of the roof

3.1. Lower limit of reliability 3.2. Higher limit of reliability
— Series connection (a brittle model); | — Parallel connection (a plastic model);
— Random quantities: 4, &,; — Random quantities: A , S , Z\?,ﬁ , gy ,

— Calculation of the reliability indices

based on using the unique Monte WM, N, Ay=ow (+vy —v )+ ou -4V —v,);

Carlo method; — Safety characteristics of Rzhanitsyn

— Identification of the law of y=(c,-0)/Jo,+0;

dlStI‘l.butIOI’l of the f"_‘ndc?m quantity | _ Calculation of the reliability indices of the roofing
density . and  determination of its 1-Psis=(1-Pspan)x(1-Pext.con.)x(1-Pint.con. )
boundaries.

Figure 3. Block-scheme of the determination technique numerical indices of reliability of suspension roof.
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should be taken independent, as such kind of an of-
fer goesinto reliability factor of the joint. In conse-
quence of it, the correlations between the elements
X,and X inaccordance with [14] are determined as:

A

pom— 8 (7)

=N

tion coefficients 7; <0.5 between conditions of joint
elements failure with independent strength of steel.
At such comparatively weak correlation, the failure
of elements can be considered independent [11].

On the basis of above-mentioned facts, conver-
sion from FBA (5) to the formula of probability of

+
= o

57 +6 trouble-free operation of the bearing joint «A»

Using total expression for standard ratio &; and (Fig. 4), we get in the form of

&; , with regard for variability and standardized de-
viations of designed value y, and y, for snow and
fixed load [ 11] with regard to above-mentioned con-
ceptsabout correlation connections, we get correla-

P, = B-min(P,,,, B, B) - min(P,,P,, B,)x

xmin((1- 0y, Ony - Oy O)s(1- Oy - Oy * O * Do)
(1- Q101 'Qloz 'Q103 'Q104))~ (8)

TIATTFIRTINENT

TITTTISATTITT

Figure 4. Bearing joint of suspension roof with carrying elements of rolling steel. Starting from the actual operation
of such joint, its failure can occur in consequence of: 1 — a sheeting bolt shearing of carrying filament to a gusset;
2 — abreak of sheeting bolts of a bearing flange to the external metal outline of a rectangular section; 3 — bearing strain
of an assemble table; 4 — caving of an assemble table because of failure of welds of sheeting of a table to a column;
5 — loss of general stability of external bearing outline (in a span); 6 — a break of sheeting bolts of the external outline
to a column; 7 — caving of a gusset of a sheeting of a carrying filament to the external outline because of failure of
sheeting welds; 8 — loss of stability of sectional elements of the external bearing outline; 9 — bearing strain in the spot
of a resting of the external bearing outline to a column; 10 — bolts shearing of guy sheeting to a gusset; 11 — caving of
guy sheeting gusset to a column because of failure of sheeting welds to a column.
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Let us make similar analysis for the rest above-
mentioned joints of the roof. Their structural con-
ceptions are given on the Fig. 6.

Starting from the operation of the given joints,
the Table 1 enumerated possible failures of the ele-
ments entering into joints and types of their con-
nections taken into account at reliability design.

Volodymyr Mushchanoo, Iurii Priadko

On the basis of above-mentioned information,
the formulae of probability of trouble-free opera-
tion of joints have been obtained:

B =min(P,1-0, .- Oy ) B - (1= 0y, .- O55), (9)

L.=h, (10)

Figure 6. Suspension roof joints (Fig. 1, 2).




Fundamental approaches towards joints operation at reliability designs of suspension bar roofs 97

By =min(B,,...,Rg, P)-(1-0;,-0y), 11

P, =min(B,,R,,P,), (12)

11°712>72

where P,, P., P,, P, are corresponding to probabili-
ty of trouble-free operation of joints «B», «C»,
«D», <E».

With regard to accepted types of joints connections

(Table 1), probability of trouble-free operation of

the system of joints takes the following form:

Psi.vy =P -5 '(1_Qc1 ‘---‘an)><
X(I_QDI""'QDm)'(l_QEl"“'QEk)y (13)

where n, m, k — are the number of designed joints

«C», <D, «<E» respectively.

Values of n, m, k are determined to the moment of
destruction of roof span part [ 10].

At the given stage of investigations the funda-
mental approaches to definition of reliability of joints
of suspension roof were determined by numerical
methods.

The furtherinvestigations assume on the basis of
the method of Mushchanov—Priadko [10] to origi-
nate the method of design and designing work of sus-
pension roofs, based on determination of numerical
indices of reliability of designed structure with re-
gard to joints operation in composition of a shell at
determination of roof reliability.
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Conclusions

1. Carried out structural design of reliability of joints
of suspension roofs has shown that they are main-
ly described by sequential schemes including par-
allel connections of dependent elements corre-
sponding to multi-elementary connections select-
ed in store.

2. Correlation regard between the elements of struc-
tural schematic drawings of joints in consequence
of generality of intensification and strength of steel
allowsto reducequantity of elementsin the scheme
and increase resulting estimation of reliability.

3. Reliability of joints of suspension roofs depends
on the number of bearing elements entering into
them: with increase of the number of elements, the
reliability is decreased, low-element joints have
greater reliability. The important factor is also ho-
mogeneity of strengths of elements: joints reliabil-
ity results the least if reliability of the elements
should be considered asindependent one. Such kind
of situation appears if the elements are produced
from different types of steel by various producers,
at comparison of fabricated and field joints, etc.

4. Inconsequence of its multi-elementary nature, the
joints can be lessreliable than elements themselves
(bars of columns, span parts of suspension fila-
ments, etc) that should be considered at estima-
tion of reliability of structures on the whole.

References

1. Belenya, E. L; Streletsky, N. N,; Vedenikov, G. S;;
Klepikov, L. V.; Morachevsky, T. N. Metal Stru-
ctures. Specialized course. Moscow: Stroiizdat, 1991.
687 p. (in Russian)

2. Chowdhury, R,; Rao, B. N,; Prasad, A. M. High-
dimensional model representation for structural re-
liability analysis. In: Communications in Numerical
Methods in Engineering, 2009, 25(4), p. 301-337.

3. DBN V.1.2-2:2006. National Structural Rules and
Regulations. The system of reliability and safety pro-
vision of constructional projects. Loads and effects.
Kyiv: Minbud of Ukraine, 2006. 61 p. (in Ukrainian)

4. DBN V.1.2-14-2009. National Structural Rules and
Regulations. The system of reliability and safety pro-
vision of constructional projects. General principles
of reliability control and constructional safety of
buildings, structures and supports. Kyiv: Ministry of
Regional Development of Ukraine, 2009. 37 p. (in
Ukrainian)

5. DBN V.2.6-163:2010. The constructions of buildings
and structures. The steel constructions. Norms for



98

ckacyBanuaMm B Ykpaini TOCT 27751, CT C9B 3972-
83, CT C3B 3973-83, CT C3B 4417-83, CT C9B
4868-84 ; unnni 3 2009—12—-01. — K. : Minperion6y,
2009. — 37 ¢. — ([lepxaBHi OyaiBesbHi HOpMU YKpai-
HIT).

5. [IBH B.2.6-163:2010. Koncrpyxkitii GyiBesb i criopy.
Crasesi koHCTpyKITii. HopMu TpoexTy BaHHSI, BUTOTOB-
senns i montaxy [Text]. — Ha zaminy CHull I1-23-
81* okpim posmimis 15*—19, CHull I11-18-75 okpim
poaminis 3—8, CHull 3.03.01-87 y wactuHi, mo cro-
CYETBCSI CTaJIeBUX KOHCTPYKIILiH OKpiM 1.1 4.78—4.134 ;
unnHi Bix 2011-12-01. — Kuis : Minperion6ya Yk-
painm, 2011. — 127 c.

6. KOHCTPYKIMK CTAIMOHAPHBIX MOKPBITUIA Hajl TpUbyHa-
mu cramonoB [Text]| / Jlonbacckast HAIMOHAIBHAS aKa-
ZIEMIISI CTPOUTENTBCTBA U apxuTeKTypH! ; E. B. Topoxos
(061, pex.), B. @. Mymasos, P. 1. Kunar, A. B. [1Iu-
manoscknil (o6mr. pen.), Y. H. JleGequy. — 2-e usg,
uct. u goi. — Maxkeeska : PO [lonHACA, 2008. —
404 c. : ui. — ISBN 978-966-7477-81-3.

7. Kala, Z. Influence of partial safety factors on design
reliability of steel structures — probability and fuzzy
probability assessments [Text] / Z. Kala // Journal
of Civil Engineering and Management. — 2007. —
13(4). — P. 291-296.

8. Luo, Y. Structural reliability assessments based on
probability and convex set mixed model [Text] /
Y. Luo, Z. Kang, A. Li // Computers & Structures. —
2009. — 87(21-22). — P. 1408—1415.

9. Mymanos, B. I1. OcobauBocTi aiticioi poboTn i mpo-
€KTyBaHHS JKOPCTKUX HUTOK CKPi3HOTO Tepepisy
[Text] / B. II. Mymtanos, B. A. Ti6arenxo // Byxis-
HUITBO YKpainu. — 1999. — Ne 5. — C. 45-48.

10. Mymanos, B. @. O6muuii aaropuT™ onpeaeseHus
ToKazaresieil HafesKHOCTH BUCSIETO TTOKPBITHS, 06-
Pa30BaHHOTO KECTKUMU HUTSIMH CKBO3HOTO CEYEHUST
[Text] / B. ®@. Mymasuos, 0. H. IIpsaaxo // Meta-
seBi koHCcTpyKii. — 2012. — Tom 18, HOMep 3. —
C. 159-169.

11. IMyrayrun, C. @. HageskHOCTDb CTAIBHBIX KOHCTPYK-
nuit mponssonctBenubix 3xaanuii [Text] / C. @. [Tu-
gyyruH. — [Tonrasa : OO0 «<ACMU», 2009. — 452 c.

12. Qiu, Z. Probabilistic interval reliability of structural
systems [Text] / Z. Qiu, D. Yang, I. Elishakoff //
International Journal of Solids and Structures. —
2008. — 45(10). — P. 2850—2860.

13. Pxanunpa, A. P. Teopus pacueta cTPOUTETHHBIX
KOHCTPYKIIMH Ha HazsexHocTh [Text] / A. P. Pxa-
HunbiH. — M. : Ctpoitnsnat, 1978. — 239 c.

14. IlInere, I'. HamesxHOCTD HECYIIMX CTPOUTEJNbHBIX
koHcTpyknuit [Text] / I. Illlmere; mep. ¢ HeMm.
O. O. Auapeesa. — M. : Crpoituznat, 1994. — 288 c. —
ISBN 5-274-01208-6.

15. Benenukos, I. C. HenuHeitHblii MeTo/ pacyeTa U3
rubHoxkectkux Baut [Text] / . C. Bemenukos,
A.JI. Tenosin // CtpouTesibHasi MEXaHUKA U pacyeT
coopy:kennit. — 1997. — Ne 6. — C. 47-50.

16. Reliability sensitivity analysis for structural systems
in interval probability form [Text] / N. Xiao,
H.Z.Huang, Z. Wang [et al.] // Structural and

10.

11.

12.

13.

14.

15.

16.

17.

Volodymyr Mushchanov, Turii Priadko

design, fabrication and erection. Kyiv: Ministry of
Regional Development of Ukraine, 2011. 127 p. (in
Ukrainian)

Gorokhov, Ye. V,; Mushchanov, V. F; Kinash, R. L;
Shimanovsky, A. V.; Lebedich, I. N. Structures of
fixed-site shells over stadium stands. 2nd Edition.
Makeyevka: RIO DonNASEA, 2008. 404 p. ISBN
978-966-7477-81-3. (in Russian)

Kala, Z. Influence of partial safety factors on design
reliability of steel structures — probability and fuzzy
probability assessments. In: Journal of Civil Enginee-
ring and Management, 2007, 13(4), p. 291-296.

Luo, Y,; Kang, Z.; Li, A. Structural reliability asses-
sments based on probability and convex set mixed
model. In: Computers & Structures, 2009, 87(21-22),
p. 1408—1415.

Mushchanov, V. E; Gibalenko, V. A. Peculiar prope-
rties of real work operation and design of rigid cords
of an open overcut. In: Ukraine Construction, 1999, 5,
p. 45—48. (in Ukrainian)

Mushchanov, V. E; Pryadko, Y. N. Total algorithm
of safety index of overhanging coating formed by
rigid cords of through section. In: Metal Construc-
tions, 2012, Volume 18, Number 3, p. 159—169. (in
Russian)

Pichugin, S. F. Durability of steel structures of indu-
strial buildings. Poltava: ASMI, 2009. 452 p. (in Rus-
sian)

Qiu, Z,; Yang, D.; Elishakoff, I. Probabilistic interval
reliability of structural systems. In: International Jour-
nal of Solids and Structures, 2008,45(10), p. 2850—2860.
Rzhanitsyn, A. R. The theory of calculating building
structures according to the durability. Moscow:
Stroiizdat, 1978. 239 p. (in Russian)

Shpete, G. Durability of supporting building
structures. Moscow: Stroiizdat, 1994. 288 p. ISBN
5-274-01208-6. (in Russian)

Vedenikov, G. S,; Teloyan, A. L. Nonlinear method of
analysis of bending and hard stay ropes. In: Building
mechanics and analysis of structures, 1997, 6, p. 47-50.
(in Russian)

Xiao, N,; Huang, H. Z.; Wang, Z.; Pang Y.; He, L.
Reliability sensitivity analysis for structural systems
in interval probability form. In: Structural and Mu-
ltidisciplinary Optimization, 2011, 44(5), p. 691-705.
Yeremeyev, P. G. Design Peculiarities for the Unique
Large-Span Buildings and Structures. In: Modern
Industrial and Civil Construction, 2006, Volume 2,
Number 1, p. 5-15. (in Russian)



Fundamental approaches towards joints operation at reliability designs of suspension bar roofs 99

Multidisciplinary Optimization. — 2011. — 44(5). —
P. 691-705.

17. Epemees, I1. T. Oco6eHHOCTU NPOEKTUPOBAHKS YHI-
KaJbHBIX GOJIBIIEIPOIETHBIX 3MaHII 1 COOPY KEHUIT
[Text] / II. I. Epemees // CoBpeMeHHOE TIPOMBIIII-
JIeHHOe M TpakJaHCKoe cTpoutenabcTBo. — 2006. —
Tom 2, Ne 1. — C. 5-15.

Mymanos Boaoaumup IlununoBuy — 7.T.H., mpodecop, 3aBiayBad kadeaApr TEOPETUIHOI i MPUKJIATHOI MEXaHIKY,
MIPOPEKTOP 3 HayKoBOi pobotu [[oHOachKOi HalliOHAIBHOI akaxeMii OyAiBHUIITBA i apxiTekTypu. YieH MisKHAPOAHOI
opranizartii «[HCTUTYT UBIIPHUX iHXKeHEPiB» Ta MixkHapoHOI acomiatii «IIpocTopoBi kKoHCTPYKTIiiy, ayAnTOp CHCTe-
mu ceprudikanii YkpCEITPO. Akanemixk Axanemii OynisaunTsa Ykpainu. Haykosi intepecu: Teopist HagiiiHOCTI, pos-
PaxyHOK, IPOEKTYBaHHS Ta TEXHIUHA /[IaTHOCTHKA TPOCTOPOBUX METATEBUX KOHCTPYKITiHi.

Ipsanxo ¥Opiit MukosaiioBuy — j1omeHT Kadeapu TeopeTHYHOI i MpuKIaaHol MexaHiku JIoHOGAChKOI HalliOHAIbHOI
akazeMmii OyaiBHUIITBA i apxiTekTypu. Haykosi iHTepecu: 1oc/isKeH s AiicHOT po6GOTH | MOKA3HUKIB HAAIIHOCTI BeJu-
KOTIPOJIBOTHIX KOPCTKUX HUTOK HACKPI3HOTO Iepepisy.

MymanoB Baagumup @ununnoBuy — /.T.H., npodeccop, 3aBeayomuil kageapoil TeopeTuyecKoil 1 MpUKJIaIHON
MEeXaHWKH, MPOPEKTOP Mo Hay4HOH pabore JIoHGACCKON HAIMOHATBHOM aKaJeMUN CTPOUTENBCTBA U apXUTEKTYPBI.
UseH MeXayHApOIHON opraHu3aruu «MHCTUTYT rpakJaHCKUX NHKEHEePOB» U MeX/TyHApoaHOH oprann3anun «IIpo-
CTPAaHCTBEHHbIE KOHCTPYKIUN», ayauTop cucteMsl ceptudurammu YKpCEIIPO. Axkanemuk AxkaseMun CTpOUTEIb-
cTBa Ykpamnbl. Hayunsle mHTepecs: Teopus HaleKHOCTH, pacueT, TPOEKTUPOBAHNE W TeXHIYECKasl AMaTHOCTHUKA
TIPOCTPAHCTBEHHBIX METAJJIMUYECKIX KOHCTPYKITHH.

Ipsinko ¥Opuit HukonaeBuy — 101eHT Kadephl TEOPETUIECKOI U TPUKIATHON MexaHnku JIoH6acCKO# HAIMOHATb-
HOM aKafleMU’ CTPOUTETHCTBA W apXUTEKTYPhl. HaydHble MHTEPECh: NCCIe0BaHNE TeHCTBUTENbHOM PabOThI U TIOKa-
3aTesiell HaJle)KHOCTU GOJIBILENPOIETHBIX KECTKUX HUTEH CKBO3ZHOTO CEYEHMUS.

Mushchanov Volodymyr — doctor of technical sciences, professor the Head of «the Theoretical and Applied Me-
chanics» Chair, vice-principal on the scientetic work of Donbas National Academy of Civil Engineering and Architec-
ture. A member of the international organization «Institute of Civil Engineer» and international organization of
«Spatial Structures», an auditor of certification UKRSEPRO system. The academician of the Engineering Academy
in Ukraine. His research interests include the reliability theory, calculation, designing and engineering diagnostics of
spatial metal structures.

Priadko Iurii — Associate Professor of the Head of «the Theoretical and Applied Mechanics» Chair in the National
Academy of Civil Engineering and Architecture. Scientific interests: research of the real work and indicators of
reliability of large-span filaments of the open section.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




