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Performed analysis of the initial geometric imperfections influence on the stability of the open
C-shaped bars. Imperfections are given in different formulations: the general stability loss of an
ideal bar, of wavy bulging of walls and shelves, of deplanation of a bar. Researches made in with
different values of the imperfection amplitude and eccentricity of applied efforts. All tasks are
performed in linear and nonlinear staging. The conclusion is made regarding the influence of
initial imperfections form on the critical force in nonlinear calculations. It was found that the most
affected are imperfections, which are given in the form of total loss of stability. It was revealed the
influence of the imperfection amplitude on the magnitude of the critical force for such
imperfections. The influence of imperfections amplitude given in the form of wavy bulging walls
and in the form of deplanations is not affected on the value of the critical force.
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Introduction. The appling of thin-walled steel constructions in building
allows to solve a wide range of problems. For these structures even founded, a
separate class - light steel thin-walled structures (LSTWS). This is due to their
advantages:

- Reduction of metal consumption in structures (according to 10-15%)

- Light weight of each element allows to make installation without
construction cranes

- Manufacturing technology allows the use of CNC machines and ensure
high manufacturing accuracy

- Manufacturing technology allows you to galvanizing elements, which
significantly increases their corrosion resistance.

- Due to the high accuracy of manufacturing, it is possible to perform
installation according to the principle of "designer" without the use of welding,
drilling and without "wet" processes.

The most convenient in the manufacture are thin-walled cold-formed open-
profile bars. Such profiles are often used as compressed elements of building
structures  (columns, farms, etc.). Under compression, or off-center
compression, the depletion of the bearing capacity of such structures usually
goes through the stability loss. The stability loss of thin-walled elements takes
place in such forms: bending, torsion, bending and torsional. However, due to
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the decrease in the thickness of the elements in such profiles, the features of
the work begin to manifest themselves, which are not described by the theory
of thin-walled bars V.Z. Vlasov [1]. Unlike classical theory, thin-walled
elements have deformation of the profile, in the form of wave-like deformation
of individual plates (shelves, walls, bends).

These features of the work are already widely researched. The article [2]
describes the theory of coherent protrusion of thin-walled bars, which
simultaneously takes into account different forms of stability loss: general (for
which the contour of the profile is not deformed) and local (for which line of
contact individual plates forming bars remain stationary). Such interactions are
nonlinear, because in linear theory all their own forms, namely general and
local, are independent (orthogonal).

Problem statement and its solution. However, thin-walled cold-formed
profiles with an open cross-section have another feature - susceptibility to local
deformations that occur during the manufacture, transportation, installation or
operation of elements. Such defects can significantly affect the stability loss of
the element, and, accordingly, lead to structural violations. Such defects can
significantly affect the stability loss of the element and, accordingly, lead to
structural damage.

Given the above, the following tasks are set:

- Investigate the impact of imperfections that are set in the overall, local
and torque forms of sustainability loss.

- Investigate the impact of imperfections amplitude.

- Investigate the effect of load eccentricity.

All tasks are performed in linear and nonlinear staging.

To model imperfections, has been developed a program which for the
formation of new coordinates of the nodes of the "deformed" model, the
components of a vector similar to the form of stability loss are added to the
corresponding coordinates of the middle surface of the bar. In this way, you
can set initial imperfections in the forms of stability loss of the bar with
different amplitude.

As the object of research, a common C-shaped profile 200x57x22,5x2000
was chosen. Steel «Cr3km, JACTY 2651:2005 [6]» with the following
mechanical characteristics is laid as the material: E=2.1-10"' Pa, p=0.3. The
imperfection amplitude is taken in proportion to the thickness of the bar wall ¢:
8/t=[0.25;0.5; 1.0; 1.5].

Results of the calculation and analysis of solutions. Calculations of ideal
bars in linear setting showed that the stability loss can occur in one of four
forms: a total stability loss - Fig. 1(a), wave-like bulging of the walls -
Fig. 1(b), bar deplanation - Fig. 1(b) and stability loss at the ends of the bar -
Fig. 1(d). Similar forms are obtained in laboratory testing [3]. These
calculations (see Fig. 2) showed that the range of critical forces is very "wide"
(the difference between them is less than 5%). Therefore, it is necessary to take
into account not only the first form, but also a number of subsequent ones
when modeling imperfections in the form of forms of stability loss.
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Fig. 1. Forms of stability loss of bars at linear calculation: total (a), wave-like bulging of the walls
(b), bar deplanation (b), stability loss at the ends of the bar (d)

In the test tasks without eccentricity, the first form of stability loss for the
ideal bar occurs in the form of a wave-like bulging of the wall and shelves
(Fig. 3). This form is transformed by the above method into initial defects with
different amplitudes for nonlinear calculations.
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Fig. 2. The range of critical forces Fig. 3. the first form of stability loss for the
ideal bar

In fig. 4 shows the results of such calculations. Here on the axis of
abscission the amplitude of imperfections is deposited, and on the axis of
ordinary — the value of critical force. The graph is divided into two parts: linear
and nonlinear calculations.
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Fig. 4. The results of calculations of the centrally compressed bar
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In test problems with a load applied with eccentricity e = 10 mm and e =
20 mm, the ideal bar has stability loss in the form of bar deplanation (first
form), means twisting relative to its own axis (Fig. 9). In Fig. 5 and Fig. 6 are
given the results of such calculations in the form of graphs.
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Fig. 5. The results of calculations of the eccentrically compressed bar (e=10mm)
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Fig. 6. The results of calculations of the eccentrically compressed bar (e=20mm)

Additionally, was researched the influence of imperfections specified in the
form of a general stability loss was investigated, which, for that the bar was
fifteen (the first was in the form of wave-like bulging of the walls — see
Fig. 7(a) and Fig. 7(b).

(b)
Fig. 7. Form of stability loss: (a) first, (0) fifteens

In Fig. 9 are given the results of such calculations. Here we see a
dependence of the bar's stability on the amplitude of initial imperfections,
which was not seen in previous test tasks — see Fig. 4, 5, 6.
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Fig. 8. The dependence of the critical force on the Fig. 9. The first form of stability loss of an

initial value imperfections in the general (15th) ideal bar at eccentric compression:
form of stability loss e=10 mm Ta e=20 mm
Conclusions

1. Modeling imperfections in the form of general, local and torsional
forms of stability loss differently affect the stability of the bars.

2. Imperfections in the form of general stability loss significantly reduce
the critical load value compared to other simulated imperfections.

3. An increase in the amplitude of defects in the form of a total stability
loss leads to a decrease in the magnitude of the critical force (with increasing
amplitude, the critical force decreases).
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Oxmenw 1.0., JIyk snuenxo O.0.
JESIKI ACIIEKTH BPAXYBAHHS TOYATKOBHUX HEJJOCKOHAJIOCTEM Y
PO3PAXYHKAX CTIMKOCTI TOHKOCTIHHHUX EJJEMEHTIB BIIKPUTOI'O
MnPO®LIIO

VY po6oTi JOCTiIKEHO BIUIMB II0OYaTKOBUX HEAOCKOHAJOCTEH (HOpMHU Ha CTIHKICTH CTEpXKHIB
Bigkpuroro C-noxiGHoro mpodimo. TecToBi 3aadi BUpIlIyBalIuCs y MPOrpaMHOMY KOMILIEKCI
MSC Nastran, mo 0a3yeTbcsi Ha METOl KiHEYHHX €IEeMEHTIB. ['eoMeTpuyYHi HEXOCKOHAIOCTI
CTEepXKHIB 3aaHi y (GopMax: 3arajbHOi BTpaTH CTIMKOCTI i1€aJIbHOrO CTEePIKHS, XBHIICTIOAIOHOrO
BHUITy49yBaHHs CTIHOK Ta MOJMIb, ACMJAHALi cTepxHs. [ MOAENOBaHHS HEJOCKOHAIOCTEH
BHKOPUCTaHa Nporpama, B sKiii 1y (OpMyBaHHS HOBUX KOOPAMHAT BY3JiB «Ie)OpPMOBAHOI»
MoJesi CTep)KHs KOMIIOHEHTH BEKTOpa MOAiOHOro mo (opmu BTpaTH CTIHKOCTI JOZAIOTHCSA 10
BIIMOBIAHMX KOOPAMHAT CEPeOUHHOI MOBEpXHI CTepykHsA. Takd YMHOM MOXKHA MOJCIIOBATH
II0YaTKOBI HENOCKOHAIOCTI MO ()opMaM BTPATH CTIHKOCTI CTEp)KHS 3 PI3HAMH 3HAYCHHSIMH
aMIUTITyAX Ta IMIIOPTYBAaTH OTPUMAHy KiHEYHO-CJIEMEHTHY MOJENIb Y PO3PAXYHKOBHI KOMILIEKC.
OmnucaHi JOCTIIKEHHs! CTIKOCTI CTEPIXKHIB 3 PI3HUMH aMIUTITYaMHi HeZOoCKOHajocTeil popmu Ta
PI3HMMH 3HA4YCHHSMH CKCLEHTPUCHUTETY NPUKIAJCHHS CHJ BHKOHAHI B JIHIMHIA 1 HemiHIMHIN
noctaHoBkax. Ha ocHOBI TeCTOBHX 331a4 3p00JI€HO BUCHOBOK ILI0/I0 BIUTUBY ()OPMH Ta aMILTITYAH
IOYaTKOBHUX HEIOCKOHAJIOCTEH HAa KPUTHYHY CHIy. BH3Ha4eHo, 110 HAaHOIbLINI BIUIMB MAarOTh
HEJIOCKOHANIOCTI y (opMi 3araibHOT BTpaTH CTiMKoCTi. ISl TAKMX HEJOCKOHAJIOCTEH BUSBIICHO
BIUIMB AaMIUITYIH HEJOCKOHAJIOCTEeHl Ha BENMYMHY KpUTHUYHOI cuiad. BrumBs aMmunityau
HEJOCKOHAJIOCTeH, 10 3a4aHi y (opMi XBHICMOAIOHOrO BHUIy4yBaHHS CTIHOK Ta y ¢opmi
JeTUIaHalil, Ha BEJIMYMHY KPUTHYHOI CHIIH HE 3HAYHHMIL.

Kia04oBi cj10Ba: TOHKOCTIHHI CTEp)KHI, I€OMETPUYHI HEIOCKOHAJIOCTi, EKCLIEHTPHUCHUTET,
METOJI CKIHYCHHHX €JIEMEHTIB, CTIHKICTh, KPUTHYHA CHJIA.

Okhten 1.0., Lukianchenko O.O.
SOME ASPECTS OF CONSIDERATION OF INITIAL IMPERFECTIONS IN THE
CALCULATIONS OF STABILITY OF THIN-WALLED ELEMENTS OF OPEN
PROFILE

Performed analysis of the initial geometric imperfections influence on the stability of the open
C-shaped bars. Test tasks were solved in MSC Nastran, which is based on the finite element
method. Imperfections are given in different formulations: the general stability loss of an ideal bar,
of wavy bulging of walls and shelves, of deplanation of a bar. To model imperfections, has been
developed a program which for the formation of new coordinates of the nodes of the "deformed"
model, the components of a vector similar to the form of stability loss are added to the
corresponding coordinates of the middle surface of the bar.In this way, you can set initial
imperfections in the forms of stability loss of the bar with different amplitude. Researches made
with different values of the imperfection amplitude and eccentricity of applied efforts. All tasks are
performed in linear and nonlinear staging. The conclusion is made regarding the influence of
initial imperfections form and imperfection amplitude on the critical force in nonlinear
calculations. It was found that the most affected are imperfections, which are given in the form of
total loss of stability. It was revealed the influence of the imperfection amplitude on the magnitude
of the critical force for such imperfections. The influence of imperfections amplitude given in the
form of wavy bulging walls and in the form of deplanations is not affected on the value of the
critical force.

Keywords: thin-walled bars, geometry imperfection, eccentricity, finite element method,
stability, critical force.
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Oxmenw 1.0., JIyk anyenxo O.0. [lesiki acneKTH BpaxXyBaHHsI MIOYATKOBHX HeIOCKOHATIOCTEH y
po3paxyHKax CTiliKOCTi TOHKOCTIHHUX eJleMeHTIiB BinkpurToro mpodimo / Onip marepiami i
Teopis copya: Hayk.-Tex. 30ipH. — K: KHYBA, 2021 — Bumn. 106. — C. 122-128.

V' po6omi Oocniddceno 6naue nouamKosux HeOOCKOHaiocmell Gopmu Ha CmitKicmo
cmepoichie 6i0kpumoz2o C-nodibno2o npogino. I'eomempuuni HeOOCKOHANOCMI CIMEPIHCHIE 3A0AHI
y opmax: 3azanvHoi empamu CMIUKOCMI [0eaIbHO20 CMEPI’CHS, XGUNENOOIOHO20 GUNYYUYEAHHS
cminox ma noauys, Odenaauayii cmepoicus. Jocniodcenns cmiukocmi CmMepoicHie 3 piHUMU
amnuimyoamu HeOOCKOHANIOCmell GopMu ma eKCyeHmpucumenty NpuKiaOeHHs CUl GUKOHAMI 6
JUHIUHIN | HeNHIUHIT NOCMAHOBKAX.
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C-shaped bars. Imperfections are given in different formulations: the general stability loss of an
ideal bar, of wavy bulging of walls and shelves, of deplanation of a bar. Researches made in with
different values of the imperfection amplitude and eccentricity of applied efforts. All tasks are
performed in linear and nonlinear staging.

Fig. 9. Ref. 8.

VK 539.3

Oxmenv U.A., JIykvanuenko O.4. HexkoTopble acleKThl y4eTa HA4aAbHbIX HECOBEPIIEHCTB B
pacuyeTax yCTOWYHMBOCTH TOHKOCTEHHBIX 3JIEMEHTOB OTKPBITOro nmpoduisi / ConpoTusieHue
MaTepHaloB U TEOpHs COOpYyXeHHMil: Hayd.-Tex. coopH. — K.: KHYCA, 2021. — Beim. 106. — C.
122-128.

B pobome nposedenvl uccie006anusi GUAHUSL HAYATLHHIX HECOBEPULEHCNE (POPMbI HA
yemotuugocms  cmepoicheti.  omkpwimozo  C-obpasnozo  npoguns.  'eomempuueckue
HecosepuleHCmea 3a0anbl 6 pPAasHbIX opmax: obwell nomepe yYCMOUHUEOCMU UOEANLHO20
CMEPIACHSL, 6OTHOOOPAZHO20 GLINYYUBAHUS CIEHOK U NOJOK, denaanayuu cmepaichs. Hccaedosanus
YCMOUYUGOCMU CMEPIHCHENl GbINOIHEHbL C PASHLIMU 3HAYEHUAMU AMIIUMYObl HECOBEPUIEHCNE U
IKCYEHMPUCUMEMAa NPUTONCEHUS YCUNUL 6 TUHEUHOU U HeUHEUHOU NOCMAHOBKAX.
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