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APPLICATION OF MONOSYMMETRICAL I-BEAMS
IN LIGHT METAL FRAMES WITH VARIABLE STIFFNESS

1.0. Cknapos. 3acTocyBaHHSI MOHOCMMETPHYHHX IBOTABPOBHX Iepepi3iB y JIerkux crajeBHX pamax 3MiHHOI skopeTkocTi. Crat-
TS PUCBSYEHA JOCIIPKEHHIO €()eKTUBHOCTI BUKOPUCTAHHS MOHOCMMETPUYHMX JIBOTaBPIB 3 THYYKOIO CTiHKOIO B PAMHUX KOHCTDPYKIISX
3MIHHOTO Iepepi3y, 0COOIMBOCTAM iX po3paxyHKy i KOHCTpytoBaHHS. Mema: MeToro TOCITiIKEHHS € MiATBePDKeHHS JOLUIBHOCTI 3aCTOCY-
BaHHsI JBOTABPIB 3 IHYYKOIO CTIHKOIO SIK JIETKMX HECYYHX METaJeBHX KapkaciB Oy[iBesb yHiBepcalbHOro mnpusHaueHHs. Mamepianu i
MmemoOu: [l 3MEHIIEHHS BUTpPAT METaly paMa YMOBHO PO30MBA€ThCs HA KiJbKAa OKPEMHX JAUISHOK BiJIOBIIHO [0 €HIOPH 3TMHAIBHHX
MOMEHTIB Tak, o0 y CTUCHYTIil abo OLIBII HaNpyXKeHil 30Hi mepepizy OyJIo pO3TalIOBaHO MOSC 3 OLIBIIOO IUIOIICIO, @ Y PO3TATHYTIH abo
MEHII HAIPYXEHii MOJMIi — MOsIC 3 MEHIIOo uoniero. OTpUMaHi TaKMM YHHOM MEPEePi3u MAOTh MEHILY IUIONIY HOPIBHSHO 3 CHMETPHY-
HUMH npodinsmu. JlofaTkoBe 3MEHIICHHS 3THHAIBHAX MOMEHTIB 3a0€31edy€eThCsl TAKOXK BHACHINOK 3MILIEHHS OCEH eIEMEHTIB 3MiHHOIO
nepepizy. Pesynomamu: I1poBesieHi po3paxyHKH i mig0ip nepepiziB eIeMEHTIB paMH MOKa3aJlH, M0 UUISIXOM BUKOPHCTAHHS MOHOCHMETPHY-
HHX Iepepi3iB MOXKHA JOCSITH 3MEHIICHHSI MAaCU HECY4HX eIeMeHTiB Ha 10 % HOpiBHSHO 3 CHMETPHYHHMH IPO(IIIMH 3MiHHOT )KOPCTKOCTI.
EdeKTuBHICTH 3aIIpONOHOBAHOIO KOHCTPYKTHBHOT'O DIiIICHHS IiTBEPUKYEThCS IOPIBHAHHIM MAacH CIPOSKTOBAHOI PaMHOI KOHCTPYKILII 3
ICHYIOUHM aHaJOroM — paMa CHMETPHYHOro Hpodimro yierma Ha 15,3 %, MoHOCHMeTpuuHOro npodimo — Ha 27 %. Bucnosku: Ananiz
HaIpyXeHOo-1eOPMOBAHOTr0 CTaHy KOHCTPYKI[H MOKa3aB: IO-Teplle, Yepe3 HeCHMETPUYHICTh MpodiIio BigOYBA€ThCS 3MIIIECHHS LEHTpa
Baru rnepepisy, Mo NPU3BOAUTD JI0 NEPEPO3NOAUTY BHYTPIIIHIX 3yCWIb y paMi; MO-Ipyre, 4Yepe3 Maily IUIOILy Nepepi3y pO3TATHYTHX IOJIHU-
YOK CKJIQJHiIIe 3a0e3IeUNTH CTIHKICTh INIOCKOI (OPMH 3rUHY PHUTreNiB, IO NPU3BOAUTH IO HEOOXITHOCTI PO3KPIILIATH KapHU3HI AUITHKA
pUreniB B’35MH 3 MCHIIHM KPOKOM.

Kniouosi c1o6a: MOHOCUMETPUYHI IBOTaBPH, TOHKOCTIHHI KOHCTPYKILi1, paMH 3MIHHOTO Iepepi3y, JIETKi cTajJeBi KOHCTPYKIIIi.

1.0. Sklyarov. Application of monosymmetrical I-beams in light metal frames with variable stiffness. The article is devoted to
effectiveness of using of monosymmetrical I-beams with flexible wall frame structures of variable section, features of their calculation and
design. Aim: The aim of research is to confirm the feasibility of I-beams with flexible wall bearing as light metal skeletons for buildings of
the universal assignment. Materials and Methods: In order to reduce the metal consumption a frame is conventionally divided into several
sections according to bending moment diagrams so that in the more compressed zone section the belt of great area was located, and in the
stretched or less intense zone the lesser belt was installed. The resulting sections have smaller area in compare to symmetric profiles. Addi-
tional reduce bending moments provided as a result of displacement of elements axes with variable cross section. Results: The calculations
and selection of sections of the frame have shown that it can be achieved the reducing of bearing elements weight by 10 % compared to the
symmetrical profiles of variable stiffness due to using monosymmetrical sections. The effectiveness of the proposed constructive solution is
confirmed by compare of the projected weight frame construction with existing analogue. The symmetrical frame profile is 15.3 % lighter;
the monosymmetrical frame profile is 27 % lighter. Conclusions: Analysis of stress-strain state structures shown: first, through asymmetrical
profile there is a shifting of the center of gravity section, which leads to a redistribution of internal forces in the frame; secondly, because of
the small cross-sectional area of the stretched zones more difficult to ensure the stability of the plane form of bending beams, which leads to
the necessity to disconnect areas curtain beams by constraints of smaller steps.

Keywords: monosymmetrical I-beams, thin-walled structures, variable cross section frame, lightweight steel structures.

Introduction. One of the priorities of the capital construction industry is increasing the effecti-
veness of structures by improving the structural forms and methods of calculation. I-beam elements
with a flexible wall have broad prospects for application: beams and cover, frame, arch system — all
these structures at low values cut efforts can be made of the thin-walled profile. The efficiency of
these elements caused by higher values of the inertia moments in relation to cross-sectional area due to
the concentration of material in the shelves. In the overwhelming action of the bending moments it
provides a significant economic benefit and achieves frame weight reducing by 30 % in compare to
traditional welded sections.

Operating the light frames with thin I-beam sections has certain characteristics. First, rack and
crossbars of single-span frames have quite stable distribution of internal forces (of the bending mo-
ments especially) (Fig. 1), so that it can be produced of profiles with variable stiffness. Of course,
taking into account the presence of structural constraints, so-called “beam of equal resistance” is
impossible in the frame elements, but to minimize the material consumption is possible by changing
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the cross-section. Second, there are longitudinal efforts in the columns and frame bolts except of the
bending moments and leading to uneven stresses in the compressed and stretched shelves section.
Because of this, the logical step is to perform asymmetric profiles, advanced compressed shelf beams
(Fig. 2).

The study of variable stiffness constructions, including the frame skeletons, dedicated work by
V. Katyushin [1], G. Nasser [2], O. Glitin [3], S. Bilyk [4] and etc. It should be noted that all these
works study the stress-strain state, durability and strength frame structures of variable section, but,
unfortunately, the results of all the studies have not been definitively formulated the calculation
method for thin-walled elements with action the compression of the bend.

The aim of research is to confirm the usefulness of I-beams with flexible wall bearing as light
metal skeletons of buildings universal assignment.

Materials and Methods. In order to reduce the metal consumption a frame is conventionally
divided into several sections according to bending moment diagrams so that in the more compressed
zone section the belt of great area was located, and in the stretched or less intense zone the lesser belt
was installed (Fig. 2). The area of the shelf at length of each section is not changed.

Thus, obtained sections have smaller area compared to symmetric profiles. Additional reducing
of the bending moments is provided by the displacement of axes elements of variable section. In addi-
tion, compressed shelves can lead to loss of stability, so use shelf with larger area will help improve
the stiffness of frame.

a b

Fig. 1. The principle of design of variable stiffness elements:
a — bending moment diagrams, b —rational design of variable stiffness frame
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Fig. 2. Steel two-hinges frame with variable stiffness with monosymmetrical I-beam and flexible wall

Calculations and selection of sections of the frame elements via the example frame warehouse
building with span of 36 m have shown that by using monosymmetrical sections can be achieved by
reducing the bearing elements weight by 10 % in compare to the symmetrical profiles of variable
stiffness. Calculated load for cover of the buildings was 2.85 kN/m* (including snow load —
1.55 kN/m” and own weight constructions for covering fences — 1.3 kN/m?).

As a result of the selection section were offered such dimensions of structures:

1. Symmetric profiles:
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— Cornice node — the wall is 1600x6 mm, shelf is 270x14 mm;

— Flange node — the wall is 1200%6 mm, shelf is 140%14 mm.
2. Monosymmetrical profiles:

— Cornice node — the wall is 1600%6 mm, shelf is 270x14 mm (in compressed mode) and

220%12 mm (in stretched state);

— Flange node — the wall is 1200x6 mm, shelf is 140x14 mm (in compressed mode) and

10012 mm (in stretched state).

The weight bearing structures per square meter of building area is about 19.87 kg/m® for
symmetric profiles and 17.98 kg/m” for monosymmetrical profiles.

Results. Evaluate the effectiveness of the proposed constructive solution is possible by
comparing the weight of the frame with the analog frame presented by V. Trofimov [5] (see Table).

Comparing the projected weight with analogue design

Table

Group of constructions Span. m Step. m Calculated load on the Weight of construc-
P pan, P, floor, kN/m? tions of frames, kg/m2
Frame analog [5] 24 6 2.4 22.92
Demgned frame of sym- 36 6 285 19.87
metrical profile
Demgneq frame of mono- 36 6 285 17.98
symmetrical profile

Trofimov noted that using more advanced thin profiles will reduce the weight of constructions for
another 5...12 % compared to the structural solution proposed in [5], which we see in the table —
weight frame construction symmetrical profile lighter on 15.3 %; and monosymmetrical profile on 27 %.

We showed [6...9] that considering the critical work of flexible thin-walled plate of I-beams can
increase the carrying capacity of structures. For these profiles is recommended to carry out checks the
bearing capacity of elements of frames sections with relative eccentricity m. > 15 by:

2 4
M| M) [ 2] <y 1)
Nu Muq) Qu
where M,, N, O — bending moment, longitudinal and cross section efforts of the calculation

section frame;

M.y, Ny, O, — limit value of bending moment, longitudinal and transverse effort under simulta-
neous actions in the calculation section;

y. — coefficient of working conditions.

The critical shear stress 1., and limit value of transverse forces Q, are calculated using the formu-
las from section 22 of State Standard DBN V.2.6-198:2014 for I-beams with flexible wall.

The coefficient of working conditions y., taking into account the complex mode of deformation
elements of variable stiffness steel frame with a flexible wall, must be limited to 0,95.

Experimental studies that have been conducted by Sklyarov and Bilyk [9] found that in the super-
critical phase of a flexible wall shelves work in the section there are additional strain due the actions of
local bending moments. Bending moments in compressed shelves are result of deformation of walls and
“settling” of shelf, which works as a beam on elastic foundation bed with variable coefficients subgrade
resistance (depending on the nature of the deformation of the wall). Thus, the maximum normal stresses
in the compressed zone of the frame with a flexible wall may be defined as follows:

N M Mk,

Gy = + + <RyYy., 2
: Ared ered I fec Yo }’Y ( )

where N, M — squeezing force and bending moment of the action of external loads;
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Ayeq, W,eq — area and resistance moment of weakened cross section with flexible wall;

M. — additional bending moment that occurs in a belt when buckling wall;

1. — inertia moment of section, formed compressed shelf and part of the wall with height 4,4
yo — distance from the center of gravity of section of compressed zone to the brink of the belt;
R, — steel estimated resistance;

L A,>9
k, = Z T — coefficient for accounting the redistribution of loading bending moment
rwu bl w =
and depends on the flexibility of the wall;
— IR,
A, = h, E‘ — conditional flexibility of I-section wall, where 4, — wall height, ¢, — wall
tW
thickness;

E — elastic modulus of steel;

A, =12 — experimentally established limit of the flexibility of the wall, where shelf does not

lose stability in the plane of the wall.
To check the calculation regulations of proposed method for calculation of these structures there
was conducted mathematical modeling of the frame by the software system «LIRA-SAPR» (Fig. 3).

Fig. 3. Finite element model with flew 36 m with welded monosymmetrical I-beam with flexible wall

Conclusions. Analysis of stress-strain state structures showed some features of the frames mono-
symmetrical [-beams in compare to symmetric profiles: first, due to asymmetrical type of profile the
shift of the gravity section center appears, which leads to a redistribution of internal forces in the
frame, that requires to adjust rod design scheme frames after sections selecting; secondly, because of
the small cross-sectional area it is difficult to ensure the stability of the plane form of bending beams,
which leads to the necessity to disconnect the areas curtain beams by the constraints with smaller
steps.

In a market economy and the transition from design of typical mass to individual work with a
particular customer, using highly efficient steel structures is a prerequisite for preserving competitive-
ness as designers of metal structures and steel industry as well. The conducted research of lightweight
frames designs based on monosymmetrical profiles indicates the significant prospects for their use in
this area. Operations of these structures are still understudied and needs further theoretical analysis as
well as series of additional experimental tests.
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