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Abstract. In the article, the authors investigate the question of determining of the lattice made
from flexible elements geometric share in a combined arch system proceeding from the condition of
its operability and the minimum of the structure material consumption. This question is supposed to
be solved with the help of the lattice geometric shape, without using the elements preliminary
tension at this stage of the study. Evenly distributed load throughout the span (constant load with
the snow load distributed along two triangles with peaks on the supports and zero values in the
middle, because this combination of loads can cause a compression force in some elements of the
flexible grating) is accepted as a load for determining the lattice geometry. The investigations
carried out by the authors have shown that the optimal lattice shape depends not only on the ratio of
the constant and snow loads, but also on the upper belt panels number. At what, the snow load
according to the scheme of two triangles has determining value, in comparison with the snow load
evenly distributed in half of the span. The obtained results of the investigation make possible to
designate the combined arch system's lattice geometric share, taking into account the given ratio of
constant and time loads in such a way that all flexible lattice's elements will work on tension and
the material consumption of the structure will be the smallest.

Keywords: combined arch system, lattice, flexible elements, span, constant load, snow load,
shape.
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AHHoTanusi. B cTaThe aBTOpHI MCCIEAYIOT BOIPOC OINPEAETICHHUS] T€OMETPUUYECKON (HOPMBI
pelmeTKl M3 THOKHMX JJIEMEHTOB B KOMOMHMPOBAHHOW apOYyHOW CHCTeME W3  YCIOBHSA
pabOTOCIIOCOOHOCTH BCEX €€ DJIEMEHTOB M MHUHHMMAJIBHOIO PACXOa MaTepuana KOHCTPYKIHH.
Bomnpoc paboTocrnocoOHOCTH BCEX I€MEHTOB TMOKON peIIeTKH Ha IaHHOM dTare MpeAroiaraercs
pEelINUTh reOMEeTpHUecKoi (popMoii caMoil peleTKH, He UCIOJb3YS MPEIBAPUTEIHHOTO HAMPSKEHUS
ee DJIEMEHTOB. B KkadecTBe Harpy3ku i OIPENEICHUS TIE€OMETPUM PELIETKH PacCMOTpPEHa
paBHOMEPHO-pACHIPEEIIEHHas: O BCeMy HposieTy (COOCTBEHHBI BeC) B COOTHOLIEHHH C
pacIpeesIEeHHON CHErOBOM 110 CXEMe U3 ABYX TPEYTOJILHUKOB C BEPIINHAMHU HA ONIOPAX U HYJIEBBIM
3HAYEHUEM B CEPEAMHE MIPOJIETA.

KiroueBble cj10Ba: apouHast clcTeMa, peléTKa, TMOKHE 3JIeMEHTBI, HarpysKa, IpoJjeT, hopma.
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AHOTamiss. Y craTTi aBTOpPH JOCITIUKYIOTh IHUTAaHHS BHU3HAYCHHS TEOMETPUYHOI (OpMH
PELIITKY 3 THYYKHX €JIEMEHTIB Y KOMOIHOBaHI/ apKOBiif CHCTEMi 3a YMOBH Ipare31aTHOCTI ycix ii
€JIEeMEHTIB Ta MiHIMaJIbHOI BHUTpaTH Marepiaay KoOHCTpykKiii. I[luTaHHS mpane3gaTHoOCTI ycCixX
€JIEMEHTIB THYYKOI PELIITKM Ha JaHOMY eTali nepeadayaeThCcsi BUPIMUTH T€OMETPHYHOIO0 (OPMOIO
caMol pEUIITKH, HE BHKOPHCTOBYIOYH IIONEPEAHBOTO HANPYXEHHs ii elneMeHTiB. B  skocti
HABaHTAXCHHSA JUIsI BU3HAUCHHS TEOMETpPil pELITKH pO3IIIIHYyTa PIBHOMIpPHO-pO3MOiIEHA Ha
yChOMY TPOJLOTI (TOCTiMHA) Yy CIIBBIAHOIIEHHI 3 PO3MOJUICHOK CHITOBOIO IO CXEMi 3 JIBOX
TPUKYTHHKIB 3 BEPUIMHAMH HA OTIOpPaxX Ta HYJIbOBUM 3HAUYEHHSIM MTOCEPEIUHI MPOIBOTY.

Kar4oBi cioBa: apkoBa cuCTeMa, pEIIiTKa, THYYKI €JIEMEHTH, HAaBAaHTaXXCHHs, MPOJIIT,

dopma.

Introduction. An important state task, one of the main problems of scientific and technical
progress in the field of steel structures, is the all-round steel economy. One of the ways to save
metal is to improve the engineering calculations of structures bearing capacity that provide high
reliability and economy of structures. Scientific research is always aimed at creating even more
effective structural forms of structures. In State Building Norms B.2.6-198: 2014 «Steel structures.
Norms of designing» in clause 5.2.1 it is recommended «to choose the optimal technical and
economic indicators of structural schemes of buildings; apply advanced designs ... cable-stayed
structures ... combined; to provide technological and minimal manufacturing complexity of
structures; to apply constructions, providing manufacturability and minimal installation
complexity». Therefore, the question of the flexible elements lattice (in a combined arch system
without the use of prestressing) effective geometric shape determining is actual. The idea of
creating such constructions, their features are set forth in [1].

Analysis of recent research and publications. The method of static calculation of such
structures and the choice of the basic systems in the calculation of repeatedly statically
indeterminate combined arched systems are justified in [2-5]. Some assumptions about actual work
have been experimentally confirmed. The geometric shape of a flexible lattice, at which in
there are no compression forces in its elements even without the use of prestressing [6] for a snowy
one-sided load in a different (having an engineering sense) distribution with a uniformly distributed
throughout the span constant load is defined in [1].

Objective is to determine the flexible lattice geometric shape, guided by the condition of its
operability and the minimum material consumption of the arch structure with a parabolic upper belt.

Results of the research. The optimality conditions, assumptions, terms, load relations qg/p
and the methodology for solving the problem in this study are taken the same as in [1]. The number
of panels of the upper belt n taken equal to 4, 6, ..., 12.

The studies carried out for the load relations g/p when loading the structure with a temporary
snow load according to the scheme shown in Fig. 1 according to [7], showed that the lattice rod /[>
also was control. However, under the considered loading the ordinates of the convergence point of
the rays M depend not only on the load relation g/p, but also on the number of panels of the upper
belt n.

As in [1], the optimal geometric scheme of the lattice can be previously assigned guided by
the condition of the upper belt node (to which the control rod /[, belongs) equilibrium (the

Bicauk Onecbkol aepkaBHOT akaaeMil OyaiBHUIITBA Ta apXiTekTypH, 2018. — Burr. Ne 70



BYAIBEJIbHI KOHCTPYKIII

designation of the quantities fo, t, t1, C1...Cs, F1, F2, P1, Py, @1, a2, a1, ay, see Fig. 1, and the values
Y1, Y2, 73, C, K, Ky, ky, see Fig. 2 in [1]).

Let us determine the concentrated forces at the nodes.

Supporting reaction of support A:
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The angle of inclination of the «root» of the lattice fo, at which the control rod will have zero
force, i.e. both optimality conditions are satisfied:
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The results of the study of the dependence of the co-ordinates H,, of the rays M convergence
point on the constant and snow loads ratio and the number of the upper belt panels are obtained in
fractions of the rise of f:

H,=a-f (12)
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Fig. 1. The scheme of loading the structure at g/p = 1

The values of the coefficient a as a function of g/p and n are shown in Table 1. Based on the
data in Table 1, graphs of the indicated dependences on the studied parameters are plotted (Fig. 2).

Table 1 — The values of the coefficient o as a function of g/p and n

Coefficient « as a function of g/p
Panels number
n 1/10 1/5 1/2 1 2 5 10
4 0.4620 0.4243 0.3403 0.2573 0.1709 0.0854 0.0400
6 0.6969 0.6220 0.5459 0.4598 0.2995 0.1553 0.0842
8 0.7968 0.7510 0.6042 0.5436 0.3684 0.1920 0.1050
10 0.8509 0.8045 0.6914 0.5600 0.4066 0.2239 0.1287
12 0.8884 0.8420 0.7283 0.5695 0.4369 0.2460 0.1456

Analysis of the results in the presented study and performed in [1] showed that the nature of
the two triangles snow load (in according to the scheme in Fig. 1), with vertices on the supports and
zero in the middle of the span, is the determining load scheme in terms of non-removal flexible
lattice elements.

Conclusions and prospects for further research:

1. In determining the maximum efforts the estimated load for such structures will be the total
(own weight and snow) uniformly distributed over the span load.

2. The determining load scheme, in terms of non-removal of flexible lattice elements, is a two
triangles snow load in combination with a uniformly distributed throughout the span constant load.

3. The results of these studies allow us to assign the flexible lattice geometric shape taking
into account a given ratio of constant and time loads and the number of the upper belt panels
satisfying both optimality conditions.
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Fig. 2. Graphs of the dependence of the coefficient & on g/p and n for the optimal shape of the lattice

4. It is necessary to investigate possible loading schemes (that have an engineering sense) of such
structures in terms of the flexible lattice elements operability and the minimum material consumption.
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