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Results of modelling of a spatial work of elements of engineering designs taking into account available restrictions of deformation of crossbars on the basis of natural examination and test of separate inclined crossbars of the frames of a tribune construction of stadium (East tribune) are presented. Modelling has given the chance to establish real conditions of their work and to define an operational resource. Researches are based on use of ratios of iterative shift model of a bend of composite bars in the conditions of limited deformation. As a result of the carried-out mathematical modelling level of margin of safety of inclined crossbars within standard useful loading that has allowed drawing the conclusion about possibility of reliable operation by a construction tribune has been defined.
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Problem statement. By results of natural tests which are shined in the second message, crossbars of East tribune of stadium have considerable reserve of rigidity. Along with it, calculations on classical idealized model of separate elements of a crossbar as beams on hinge supports, at action of the most adverse combinations of loadings [4], testify about have almost exhausted by strength of its bearing ability. This contradiction has induced to search of non-classical models of work of crossbars for establishment of level of reliability of operation f a construction, are presented in this message. During performance of this studies phase, the factors which have not been considered by the previous researchers have been established. They put a crossbar in conditions of limited deformation, and are capable to increase its rigidity, and consequently also durability to what results of natural tests testify also. Therefore there was a need of analytical search of a reserve of rigidity and durability of crossbars of East tribune of stadium. And also there was a problem of theoretical justification of the received natural results with establishment of the reasons of the increased rigidity of bearing designs.
Analysis of the last researches and publications. Materials of the last researches of a technical condition of bearing designs of East tribune of stadium are presented in reports [4, 7, 9]. The mentioned researchers have found a number of shortcomings of various elements a tribune of a construction of stadium and have offered ways of their elimination, however the complex analysis of reserves of bearing ability at them is absent. This article is final in a number of messages begun by the work [1] which purpose is carrying out a complex analytical study of a resource of bearing ability of a tribune construction of a stadium.
Purpose and research problems. The purpose of the third, final, a stage of researches by the search of an available resource of bearing ability of basic elements of frames of East tribune of stadium is. Realizations of this purpose demands development of an analytical technique of determination of an actual rigidity and durability of inclined crossbars of frames and installation of level of reliability of operation of a surveyed construction on a designated purpose taking into account available defects and damages.

Materials and methods of researches. The main method of the carried-out research is mathematical modelling of deformation of composite reinforced concrete elements of a spatial framework by a construction tribune with use of defining ratios of iterative shear model of a flexure of composite discrete and inhomogeneous beams in the conditions of limited deformation on the basis of results of natural tests.
Results of research. During the carried-out pilot studies (the second stage) it has been established that after unloading of designs of a tribune from useful loading (weight of the audience) deflections of cross bars have completely returned to reference values. That has shown of the elastic work by a material of crossbars, in an operational range of change of useful loading.

Tribune designs are made from reinforced concrete, which is a typical and discrete-inhomogeneous composite material. Basic elements of bearing designs of a tribune are the crossbars, which working in the conditions of difficult resistance and form, mainly, deformations of a bending and compression. Considering the established elastic work of designs, we can assume linear elasticity of their materials that has allowed using for calculation of designs a ratio of elastic models of a bend of discrete and inhomogeneous a composite crossbars [5, 6].
Structure and rigidity parameters sections of frame members. The geometrical settlement scheme of cross-section frames of East tribune of stadium is shown in pic. 1. Elements of bearing designs of frames of a construction are executed from reinforced concrete which is a discrete and non-uniform body. Ferro-concrete elements can be considered as composite bars which make high-strength reinforcing phases in the form of the longitudinal and cross-section steel fittings, located in concrete fillers – a quasi-homogeneous composite.
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Picture. 1.  The Geometrical scheme of a frame

Crossbars of frames are made from heavy concrete of the class B40 [7], reinforced by steel cores of the class A-II. Characteristics of materials are accepted according to [8]: concrete – 
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The element P1 of a crossbar has various reinforcing on length therefore the structure of its sections respectively changes. On pic. 2.a, and the structure of section span parts of a crossbar, and on pic. 2.b, – section structure in a zone of support is represented.
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Picture. 2. Cross-section structure of a frame elements
Characteristics of rigidity of sections of the element P1 of a crossbar on the deplanation model of a bending of composite beams [5] makes: for span parts – 
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The difference as the percentage between cruelty 
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 of sections in the specified sites of a crossbars makes 1,8 %, 
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 – 3,1 %, 
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 – 4,2 %, therefore reinforcing change on sides at supports of an elements of a crossbar at definition of displacement can be neglected. Therefore, to consider this element of a crossbar and other elements of a frame, as beams with a constant rigidity by the length.
The structure of section in the span parts of the element P2 of a crossbar are shown on pic.2.c. Rigidity of section: 
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Columns are made of heavy concrete of the class B20 [7] which characteristics are accepted according to [8]: 
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. The structure of cross-section section of column К1 is represented on pic. 2.d, columns К2 – on pic.2.e. Characteristics of rigidity of sections of columns on deplanation model: К1 – 
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Modelling of external useful loading of crossbars. Calculations for definition of a gain of movings we conduct on the actual useful loading taking into account complete filling of a tribune with the audience. Size of useful loading we will define at average mass of the viewer of 80 kg. The step of seats fixed on plates of a covering makes 
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, the gross weight of the audience on any plate of a covering will make for the crossbars, having running paths in width 
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for the others:
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Loading from the each slab of a covering is transferred to crossbars through special shelves in the form of a corner, welded to the mortgage details of a crossbar.

Thus, reduced to the main plane of rigidity of crossbars useful loading can be simulated in the form of the concentrated force of the corresponding intensity.

Since the seat and running track on slabs are arranged symmetrically, for the crossbars, which are based on the slabs containing the running track, the intensity of the load is:
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For other crossbars of East tribune
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The general useful loading perceived by inclined crossbars, we model set of the concentrated forces of certain intensity. In relation to the top side of a crossbar this loading we will spread out on normal and tangent components. The design tilt angle of crossbars to the horizon makes 
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Supporting tables are located on crossbars with a step 
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 across. Then forces are concentrated, attached to the top side of a crossbar with a step along an axis: 
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Based on the received data we can write down the general function of active loading, normal to the top side of crossbars:
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where 
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 – the delta function by Dirac, which displaced concerning the beginning of chosen system of coordinates on value 
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 – shift of a point of the appendix of loading concerning the beginning of the chosen system of counting; 
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 – quantity of rows seats.
Accounting of additional conditions of limited deformation. Additional survey of designs of East tribune, within performance of contractual research work [9] is conducted, has allowed revealing the possible factors causing increase of rigidity of crossbars.

So, first, by visual survey it is revealed that in the top part of the elements P1 and Р2 (in a support place on the column К2) mortgage details are connected among themselves by a steel rectangular plate 
[image: image48.wmf]40025012

mm

´´

, and the gap between end faces is filled with concrete. This connection is capable to perceive the basic moment, creating conditions of collaboration of elements of a crossbar, as not cutting beam with two intermediate support.
Secondly, according to design documentation in supports of crossbars on columns are executed welded connections of mortgage details. In view of this and considering the size of the columns K1 and K2 cannot be neglected in determining their rigidity displacement. 

Thirdly, the cover plate mounted on the bolt, are connected to them via fixings by welding. Plates of a covering are capable to unload the top part of crossbars and thus to influence their deformation.
The given features of a design are factors which put a crossbar in conditions of limited deformation and reduce its deflections.

On the basis of analytical modelling we will establish the true settlement scheme of a crossbar and influence of the revealed factors on its deflections. As has been established small shear compliance of the frame members, the simulation will be performed on the 0-th step of the iterative approximation model bending of composite beams.

The settlement scheme of a basic element of a crossbar (Р1) which considers the specified restrictions of deformation is provided on pic. 3.

Collaboration of the elements P1 and Р2 of a crossbar is modeled by the concentrated moment enclosed on a support which intensity is unknown.

Collaboration of a crossbar and columns К1 and К2 is modeled by elastic hinge fixing of points 
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Covering plates are simulated by an additional fictitious layer in structure of cross-section section of a crossbar.
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Picture. 3. Calculations scheme of a crossbar
The defining differential equation for a crossbar on pic. 3 on a 0th step of approach of model, agrees [6] and taking into account (1), to have the following appearance: 
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(2)
where 
[image: image53.wmf]3132

,

cc

 – rigidity of elastic support; for an element of crossbar P1-10 – 
[image: image54.wmf]1

i

=

, P1-9 – 
[image: image55.wmf]2

i

=

.
The additional equations for determination of sizes are: 
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Boundary conditions for this task are made in such look: 
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For analytical calculation of deflection element of crossbar P1 recorded using equations and conditions necessary to determine the elastic coefficients 
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 fictitious layer parameters and refined stiffness characteristics of sections of P1 and P2 headers, as well as depending on the definition of the support moment 
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 deformation element P2.

Rigidity of elastic factors of support is established by consideration of deformation of columns at action of the moment transferred from a crossbar. Dependence between moment size 
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, enclosed to column top in length 
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, and longitudinal moving of an extreme point of section (pic. 4) is received in such look:
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Taking into account dependence (5), dependence between cross-section moving 
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 is established that them affects 
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Factors of elasticity of support 
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Having used, in this expression of the characteristic of rigidity, the following factors of elasticity of support are received: 
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Picture. 4. To the accounting of columns rigidity
Physical and mechanical characteristics of the fictitious layer, which simulated working together with crossbar, determined based on numerical experiments.
Deformation of the spatial structure of the crossbar with cover plates (see Pic. 5), length 
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 (10-steps be supporting shelves 
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, – plus the length of the base plate – 
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), was modeled using the finite element method (FEM) in the software package Femap 10.2.0.

Crossbar rectangular sections of concrete class B40 and slabs of concrete class B15 [7] simulated two-dimensional elements of type «plate». Steel shelves simulated one-dimensional elements of type «Beam». 

Plates with shelves performed using elements of the type «rod» of a material with high rigidity. The construction is hinged at the ends and was loaded with uniform load intensity 
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Picture. 5. To determination of parameters of a fictitious layer

Results of definition of deflections (moving along an axis) of the created model are given on pic. 6. The deflection in the middle of the beam was
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. The obtained value allows establishing analytically mechanical properties of an additional fictitious layer of a composite beam of a crossbar with similar deflections.
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Picture. 6. Results of modeling fragment of a crossbar by FEM
The settlement maximum deflection of a beam according to the scheme of fixing and load of pic. 5 on a 0th step of approach of the deplanation model, corresponds to classical model, is defined by a ratio 
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For two-layer rectangular section of the equivalent beam, modelling crossbar collaboration 
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 and the plates of a covering which was replaced with an additional fictitious layer in thickness 
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, the following expression for determination of rigidity is received:
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Substituting (9) into (8) leads to a quadratic equation relatively of the desired elastic modulus 
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 fictitious layer. A further solution the equation considering measured value of deflection 
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Rigidity of sections of the elements P1 and Р2 of the crossbars, defined taking into account a fictitious layer, have the following values: 
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Intensity of the bending moment in (2) is the unknown and should be defined from a condition of compatibility of moving of end faces of elements of crossbars that in case of a 0th step of approach of model means equality of angles of rotation:
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To use this condition is necessary to obtain an analytical expression for the bending in the modeling hinged element crossbar P2, the defining equation for which is written as follows:
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The boundary conditions can be written as:
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The solution of the equation (11) taking into account boundary conditions (12) and specified characteristics of rigidity, has established dependence between size of the moment and a section angle of rotation on the right support of an element of crossbar P2-9:
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The solution of the equation (2), received together with the additional equations (3), (10), (13) and boundary conditions (4), is required function of deflections of an element of crossbar Р1 according to the scheme of fixing represented on pic. 3.

The schedule of the received function for the element P1-9 case, combined with the schedule of deflections of the element P2-9, are provided on pic. 7, a curve 5. In drawing curves of deflections of crossbars in case of inclusion of one of the factors increasing their rigidity are also put: the curve 1 shows the deflections of a crossbar determined by the scheme of separate work of elements; the curve 2 – when is considered only their collaboration with covering plates; the curve 3 – when is considered only collaboration of the elements P1 and Р2; the curve 4 – when is considered collaboration of the element P1 and columns К1 and К2.
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Picture. 7. Graph of normal section displacement by axis 9
The given curves allow estimating influence of each of factors on crossbar deflections. The most essential factor is joint work of elements of a crossbar and columns, reduces deflections concerning a curve 1 by 50,9 %. The accounting of joint work of elements of a crossbar has allowed reducing a deflection by 34,6 %. Joint work of the element P1 and plates of a covering allows lowering a deflection for 21,4 %. In case of the simultaneous accounting of all factors (a curve 5) the deflection value in the middle of the element P1-9 of a crossbar is 
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) is 2,1 %. The deflection for a case of an element of crossbar P1-10 is similarly received: 
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Thus, analytically obtained experimentally substantiated, calculation model, which is defined by constructive reserve rigidity crossbars of the East Stand of the stadium "Vorskla" named Alexei Butovsky in Poltava.
Theoretical justification of a reserve of durability. Adjusted the calculation model allows us to justify the existing reserves of strength crossbars by the revealed limitations of deformation, which significantly alter the distribution of internal forces. On pic. 8 the schedule of distribution of the bending moment (a curve 1) in cross-section sections of a crossbar on an axis 9, received on the basis of the specified settlement scheme of fixing (pic. 3) taking into account sequence of installation of elements of a tribune and standard values constant and temporary loadings accepted in [7] is presented. As a curve of comparison distribution of the bending moment (a curve 2), the fixing of crossbars received on the basis of the scheme is given at separate work of elements of a frame. The bending moment in both cases reaches the maximum value in flight of the element P1 of a crossbar and for the specified settlement scheme makes 
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The bearing capacity of normal cross section of the element P1 according to calculations made in [7], is 
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. Thus, the strength crossbar in the 12-meter span for a refined design scheme is provided with a substantial margin, even without the use of the installed system strengthening, while the scheme of free deformation strength crossbar is insufficient, and that led to the need to perform a gain.

According to the updated scheme limited deformation of crossbars, much more loaded are its reference areas. But the value of the bending moment on the supports remains well below the carrying capacity of crossbars in these sections, which, according to the calculations in [7] is 
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Thus, the analytical modeling of bending crossbars from reinforced concrete of the tribune construction of stadium as composite beams in situations of limited deformation possible to substantiate the factors that reduce their deflections. Adequacy built refined design scheme was confirmed by the direct method of control – static field tests rigidity sloping crossbars reinforced concrete frame. Further calculation crossbars refined fixing scheme allowed us to establish the actual distribution of internal forces in the beam's section, which showed their substantial margin of safety that allowed to evaluate the technical condition of the entire structure as satisfactory (category II), and to grant permission for the operation of the stadium for five years until the next survey.
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Picture. 8. Graphs of the distribution of the bending moment along the axis of crossbar 9 

Output. Obtained in the course of performance of a complex examination of the technical state of the structure results as a basis for recommendations on the continued reliable operation of the main arena of the regional center and the training and game base FC "Vorskla". 

Presented experimental results agree well with the results of the analytical simulation by deplanation model of bending composite beams, which confirms its correctness. Theoretical studies of the reserve strength of composite concrete elements of stadium "Vorskla" named after Alexei Butovsky show the possibility of applying scientific results on the modeling of the stress-strain state of a composite element in the limited deformation.
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