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NOPIBHAJIbHI PO3PAXYHKU CTINKOCTI OQHOMPONITHUX
METAJIEBUX BAJIOK 3A PI3HUMU METOAUKAMU PO3PAXYHKY

Y cratTi HaBeAeHOo NOPiIBHANbHI PO3PaxyHKU CTIMKOCTIi OQHOMPONITHUX
MeTaneBux 6anok 3a pisHMMM MeToAMKaMu. Po3rnsHyTo BU3HA4YEHHSA
HaBaHTAa)XXEHHA, 3a HfAKOro BiabOyBaeTbcA BTpaTa CTIMKOCTIi MeTaneBUX
ogHoNponiTHUX 6anok. Takunm po3paxyHOK BUKOHAHMHA 32 YUHHUMU HOPMaMM
npoektyBaHHAa «[BH B.2.6-198:2014>, 3a Hopmamu «Eurocode 3 EN 1993-1-
1:2005/AC:2009» Ta «CHil 11-23-81*». [lopaTKoBO CTiMKICTb Takux 6anok
6yna nepeBipeHa Ha iX MPOCTOPOBiW Mopaeni, CTBOPeHin 060/I0HKOBUMM
CKiIHYEHHUMM eneMeHTaMu B MNpYXXHiW nocTaHoBui. [IpoaHanizoBaHoO BNAMB
NNACTUYHOIO Ta CTEPXXHbOBOMO0 METOAIB HA 3arajibHy CTiMKICTb MeTaneBuX
6anok. BusHayeHo Hanbinble Ta HaNMeHLWe 3HAYEeHHA HABAHTAXXEHHA, Npwu
SIKOMY BigOyBa€eTbCA BTPaTa CTINKOCTI 6anku.

KnrwyoBi cnoBa: CTiVKICTb, CTEPXHEBUW MeToh, MNJACTUYHUN MEeTOf;
FPAHWYHMI CTaH; OAHONPOJITHI MeTaneBi 6anKW; HOPMU NPOEKTYBAHHS.

AKTyanbHicTb. Ha cborogHi po3paxyHoOK MeTaneBUX KOHCTPYKLUIN,
nopsig i3 BUKOPUCTAHHSAM YMHHMX HOPMATMBHUX OOKYMEHTIB, 30KpeMa
«OBH B.2.6-198:2014» [1], Moxe 6yTM BWKOHAHWN 3a HOPMaMM
«Eurocode 3 EN 1993-1-1:2005/AC:2009» [2], npu uboMmy 6inbLwicTb
KOHCTPYKLUIi 3anpoekToBaHa 3a HopMmamu «CHil 11-23-81*» [3]. BapTo
Bi43HAUYNTK, LLO B NMUTAHHAX PO3PAaxXyHKY HA MILHICTb BUKOPUCTOBYHOTLCS
cxoxi nigxoan [4], [6], [7], ToMy pe3ynbTaTM po3paxyHKY Ha MiUHiCTb
[oBoNi 6nM3bKi. Horo He MOXXHa CKa3aTu NPO PO3pPaxyHOK Ha CTIMKICTb
3rMHANbHUX METANEBUX e/IEMEHTIB. Llen po3paxyHOK CYyTTEBO BMIMBAE SK
Ha nipbip O0OCTaTo4YHOro nonepeyHoro nepepisy, Tak | Ha MKoro
PO3KpIiNAeHHs 3 nnowuHWU. Bce ue BNAMBAE HA OCTATOYHY BapTICTb
MeTaneBuUX KOHCTPYKLUiM, 3 ornsgy Ha UuUe nNUTaHHA MNOpPIiBHAHHSA
pe3ynbTaTiB PO3PaxyHKIB Ha CTINKICTb 3@ Pi3HUMU METOOUKAMU € OOBONI
aKTYyaNbHUM.
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Meta po6oTu: BWKOHATM MNOPIBHANbHI PO3PaXyHKU CTIMKOCTI
3rMHaIbHUX OOHOMNPONITHUX MeTaneBux banok 3a [ABH B.2.6-198:2014
[1], Eurocode 3 (EN 1993-1-1:2005/AC:2009) [2] Ta CHiM 11-23-81*[3],
BU3HAYUTN HABAHTAXXEHHSA, MPU SKOMY HACTa€ BTpaTa CTINKOCTI, Ta
OLiHUTM BMNJIMB CTEPXXHEBOro i MNJacTU4Horo MeToaiB (CKiHYEeHHi
efleMeHTW, TNpY)XHa MOCTaHOBKAa) MOAOENIOBAHHA HAa  3HA4YeHHsA
KPUTMYHOIrO HaBaHTaXKEHHH.

Metoamka po3paxyHKy. [lns  nNOpIiBHANbHMX  PO3pPaxyHKIB
PO3riisHEMO O4HOMNPONITHY MeTaneBy 6anKy ABOTAaBPOBOro NOMNepeyvyHoro
nepepisy NposibOTOM 6M 3 LUAPHIPHO PYXOMOK OMOPOK 3 04HOro 6OKy Ta
LUAPHIPHO HepyxoMol onopot 3 iHworo (puc. 1). Mepepi3z 6anku
NPUUHATUIN y BUrNSai 3BapHOro neoTaBpa, 3 po3MipoM noscy 20 cmx1 cm
Ta 3 po3Mipom cTiHku 30 cmx0,8 cm (puc. 2).
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Puc. 1. Po3paxyHKkoBa nnocka Mogenb MeTaneBol 6anku 3 NPUKIafeHoo
PiIBHOMIPHO PO3MNOAIJIEHNUM HABAHTAXKEHHAM

200 o J
I: N
(e o
s -
6 J
=
| S

Puc. 2. Cknap nepepisy 6anku

Banka BurotoeneHa 3i ctani C245, Ta Mae HaCTynHi XOPCTKICHI
XapaKTepUCcTuKn: Er — IKOPCTKICTb €esieMeHTa Ha O0CbOBUM CTUCK
(po3Tar) = 1,3184e+006 kH; E;, — »XOPCTKICTb eNeMeHTa Ha 3rMH HaBKOJIO
oci Y; = 23511,5 kHxM?, E;; — YKOPCTKICTb €/1eMEeHTa Ha 3rMH HAaBKOJIO OCi
Z1 = 2749,44 kHxM?, Gy — YXOPCTKICTb e/IeMEHTA Ha KPYYEeHHS HAaBKOJIO OCi
X1=14,0556 kHxMm?,
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Ha 6anky npuknageHe piBHOMipHe po3nojifieHe HaBaHTAXKEHHS
“Q”", HaBaHTa)XeHHSA nNPUKNALAETLCA HA BeEpPXHiM nosac 6ankw.
Po3kpinneHHa 6anku npunHATI Ha onopax. Po3paxyHOK BMKOHaHO 3a
pornomorot nporpamHoro Komnnekcy JIIPA-CAMP 2024 wMetopom
CKiHYeHUX eneMeHTiB. [1pM po3paxyHKy 3a HOPMATUBHUMU METOAUKAMMU
BUKOPUCTAHO CTEPXXHEBI €/IEMEHTU, NMPUUHATO CTEPXXHEBUN CKIHYEHUN
eneMmeHT TUNy 2 (CE nnockoi pamu). Po3paxyHOK BUKOHAHO iTepauiiHUM
MEeToOO0M, LISXOM nigbopy piBHOMIPHO PO3MNOAINIEHOr0 HaBaHTAXEHHS
sKke BignoBigae koediuieHTy BukopuctaHHa 100%.

TakoXX [Ons nNOpiBHAHHSA 3MOAefNlbOBaHa MNPOCTOPOBA CXema,
BMKOHAHa 3 MJAaCTMHYACTUX CKIHYEHHUX eneMeHTiB Tuny 41
(yHiBepcanbHui npaMokyTHui CE). 060n0HKOBI efleMeHTN 3MoaeNboBaHi
Nno cepeguHHMM NJOWMHAM NOJIMYKK | CTiHKKM ABoTaBpa (puc. 3, puc. 4).
Po3paxyHOK BUKOHYBABCSH 3 ypaxyBaHHAM MOMEHTIB 3a nepLoto ¢opMoto
BUTPAT CTIMKOCTI.

HaBaHTa)keHHs, WO BiANoBigae BTpaTi CTiMKocTi Gankm 3a
HopMaTUBHUM gokymeHToM [BH B.2.6-198:2014 [1], cknano 28,7 KH.
Npn TakoMy HaBaHTa)KeHi KoediuiEHT BUKOPWUCTAHHSA OO0CNIOXKYyBaHOI
6ankun cknae 100% 3a nepwunM rpaHNYHUM CTaHOM. HaBaHTa)KeHHs, Wo
BiAMOBIgAa€e BTpPaTi CTINKOCTI 6ankm 3a HOPMATUBHUM [LOKYMEHTOM
Eurocode 3 EN 1993-1-1:2005/AC:2009 [2], cknano 17,9 kH. MNpu TakoMy
HaBaHTaXeHi Koe@diUiEHT BUKOPUCTAHHSA AOCNIAXKYyBaHOI Oanku cknae
100% 3a nepwnM rpaHM4YHMM CTaHOM. HaBaHTaKeHHA, WO BignoBigae
BTPaTi CTINKOCTI 6aNKn 3a HopMaTUBHUM AoKymeHToM CHuM [1-23-81* [3],
cknano 37,3 kH. lNpn TakoMy HaBaHTa)eHi KoeQiliEHT BMKOPUCTAHHSA
pocnigxysaHol 6ankm cknae 100% 3a nepwuM rpaHUYHUM CTaAHOM.
HanMeHwe  HaBaHTaXKeHHsA, WO BIiANOBIAAE BTpPaTi  CTIMKOCTI
oOoHONPONITHOT MeTaneBoi 6anku, BiQNOBIOAE TMNY PO3PaxyHKY, KOIu
eNeMeHT 3M0es/IbOBAaHO CKIHYEHHMMU eneMeHTaMu y BUrnsaai NAacTuH
CE 41 (tabnuug). Lle noACHIOETLCS TUM LLO PO3PaxXyHOK TaKUX eNIeMEHTIB
BMKOHAHO Y NMPYXHiN NocTaHoBLi, 6e3 AoNyLWEeHHS PO3BUTKY NAaCTUYHUX
pedopmauin. OCHOBHOKW nepeBarow [AaHOr0 MeToAy € MOXJIMBICTb
BUKOHYBATK PO3PaxyHOK MOLWKOOXXEHNX METaNeBUX eNIEMEHTIB.

Hanbinbwe HaBaHTaxeHHsa sBignosigae CHull 11-23-81* [3]. PizHuug
Mi>k CHuM 11-23-81*[3] Ta YMHHUMM HOpMaMM MPOEKTYBAHHA CKIagae€
1,3%. Ha wo BapTo 3BepHyTM 0CO6GNMBY yBary npu PEKOHCTPYKLUIT
iCHYloUMX 06'eKTiB, AKi 6ynun 3anpoektoBaHi 3a CHull [1-23-81* [3]: Taki
06'ekTn 6ynyTb NoTpebyBaTtu abo 36iNblIEHHA NOMEpPeYHOro nepepisy,
abo BnawTyBaHHS O0AATKOBUX PO3KpPiNfaeHb 3 naowmHKU. Lle ctocyeTbes
€/IeEMEHTIB, SfKi MOXYTb BTpPayaTu CTiMKIiCTb. TaKoX 3ayBa*XUMO, L0
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HopMn Eurocode 3 EN 1993-1-1:2005/AC:2009 [2] € Hawnbinbw
KOHCEPBATUBHUMMU, NPV nNepexoni Ha Luen HOPMATUBHUN eNeMeHT TaKoX
HeobxigHO 6yaoe NpoBOAUTUN NEBHI MOCUIEHHS KOHCTPYKUIN.

Puc. 3. Po3paxyHkoBa Mofesnb 3 NPUKIAAeHo cunoto 6anku nobypnoBaHa 3a
ponomoroto o6onoHkoBux enemeHTiB y MK JIMPA-CATP 24
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Puc. 4. 06010HKOBI eN1leMEHTM 3MOAEIbOBaHI N0 CepeaAnHHMM NJoWmnHaM
MOJINYKM i CTIHKM OBOTaBpy

Tabnuug
lNopiBHAHHA HaBaHTaXXeHHA HOPMATUBHUX O0KYMEHTIB
Ne Twvn po3paxyHKy HaBaHTa)keHHs, qn:/q%x100%
o BignoBinae
BTpaTti  CTiMKocTi,
kH (kH/M?)
1 |OABH B.2.6-198:2014 28.7 183
2 Eurocode 3 17.9 114
EN 1993-1-1:2005/AC:2009
3 |CHwulII-23-81* 37.3 239
4 |060n0HKOBA NPOEKTHA 15.6(78) 100
mMoaenb
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BucHoBKu. [1poBeneHi po3paxyHKu CTIMKOCTI 6ankn, 3aBaHTaXKeHOI
PIBHOMIPHO PO3MNOAIIEHUM HABAHTAXEHHAM, 3@ PiI3HUMU HOPMATUBHUMMU
OOKyMeHTaMn. Bka3aHo Ha HeobOXigHICTb NOCUNEHHS 6anoK, SKi MOXYTb
BTPATUTU CTiNKiCTb, WO 6ynu 3anpoektoBaHi 3a CHull 11-23-81* [3] npu
nepexopi Ha HOBi HOPMATUBHI AoKyMeHTU [1]. Yci HopMaTUBHI MeToauKu
OOMYCKAaTb MPYXHO-NNacTUHY poboTy npu po3paxyHKy 6anok Ha
CTINKICTb, HaMbINbW KOHCEPBAaTUBHUM € pPO3PAaXyHOK 33 HOpPMaMwu
Eurocode 3 EN 1993-1-1:2005/AC:2009 [2].
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COMPARATIVE CALCULATIONS OF THE STABILITY OF SINGLE-SPAN
METAL BEAMS USING DIFFERENT CALCULATION METHODS

The calculation of metal structures, along with the use of current
regulatory documents, in particular “DBN V.2.6-198:2014", can be performed
according to the standards “Eurocode 3 EN 1993-1-1:2005/AC:2009", while
the vast majority of structures are designed according to the standards
“SNiP 11-23-81*". It is worth noting that similar approaches are used in
strength calculations, so the results of strength calculations are quite close.
What cannot be said about the calculation of the stability of bending metal
elements. This calculation significantly affects both the selection of the final
cross-section and its unbending from the plane. All this affects the final cost
of metal structures, in view of this issue, comparing the results of stability
calculations using different methods is quite relevant. The purpose of the
work: to perform comparative calculations of the bending stability of single-
span metal beams according to DBN V.2.6-198:2014, Eurocode 3 (EN 1993-1-
1:2005/AC:2009) and SNiP 11-23-81*, to determine the load at which the loss
of stability occurs, and to assess the influence of the rod and plastic
methods (finite elements, elastic formulation) of modeling on the critical
load value. For comparative calculations, we will consider a single-span
metal beam of I-beam cross-section with a hinged movable support on one
side and a hinged fixed support on the other. The beam cross-section is
taken in the form of a welded I-beamThe beam is made of steel. A uniform
distributed load is applied to the beam, the load is applied to the upper chord
of the beam. The beam is supported at the supports. The calculation was
performed using the LIRA-SAPR 2024 software package using the finite
element method. When calculating according to regulatory methods, rod
elements were used, a type 2 rod finite element (SE of a flat frame) was
adopted. The calculation was performed by the iterative method, by
selecting a uniformly distributed load that corresponds to a utilization factor
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of 100%. Also, for comparison, a spatial scheme made of plate finite
elements of type 41 (universal rectangular SE) was simulated. The shell
elements were modeled along the median planes of the flange and wall of
the I-beam. The calculation was performed taking into account moments
according to the first form of stability costs. The smallest load
corresponding to the loss of stability of a single-span metal beam
corresponds to the type of calculation when the element is modeled by finite
elements in the form of plates SE 41. This is explained by the fact that the
calculation of such elements is performed in an elastic setting, without
allowing the development of plastic deformations. The main advantage of
this method is the ability to perform the calculation of damaged metal
elements. The highest load corresponds to SNiP 1I-23-81*. The difference
between SNiP 11-23-81* and the current design standards is 1.3%. What
should be paid special attention to when reconstructing existing objects that
were designed according to SNiP 11-23-81*: such objects will require either
an increase in the cross-section or the installation of additional
reinforcements from the plane. This applies to elements that may lose
stability. We also note that the Eurocode 3 EN 1993-1-1:2005/AC:2009
standards are the most conservative, when switching to this regulatory
element it will also be necessary to carry out certain structural
strengthening. Calculations of the stability of a beam loaded with a uniformly
distributed load were carried out according to various regulatory
documents. The need to strengthen beams that may lose stability, which
were designed according to SNiP 11-23-81*, is indicated when switching to
new regulatory documents. All regulatory methods allow elastic-plate work
when calculating beams for stability, the most conservative is the
calculation according to Eurocode 3 EN 1993-1-1:2005/AC:2009.

Keywords: stability; beam method; plastic method; limit state; single-
span steel beams; design standards.
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