BICHUK HERALD

OJIECBKOI'O HAIIOHAJIBHOI'O OF THE ODESSA NATIONAL
MOPCBKOI'O YHIBEPCUTETY MARITIME UNIVERSITY
Ne 1 (67), 2022 Ne 1 (67), 2022
YK 624.07

DOI 10.47049/2226-1893-2022-1-44-52

METOAU PO3PAXYHKY EJIEMEHTIB
IIPU 3I'MHI 3I'TTHO 3 €BPOKO/ 3

M.B. Anjamuyk
K.T.H, IOLIEHT Kadeapu
«uBinbHA 1HXKEHEPIS Ta apXiTEeKTypay
K.}O.®enopona
K.T.H, IOLIEHT Kadenpu
«uBinbHA 1HXKEHEPIS Ta apXiTEeKTypay

Ooecvkuil HayionanbHul mopcokuil yHieepcumem, Odeca, Yxpaina

Anomayia. BuxopucmauHs €8pONEUCLKUX HOPM NPOeKmy8anHs 8 YKpaii,
30Kpema O Ccmanesux KOHCmpykyili — €8poxod 3, cmano MONCIUBUM NOYUHAIOUU 3
aunus 2014 poky. 3 ypaxysannsm moeo, wo Ykpaina naobara cmamyc kanouoama y
unenu €8pocoro3y, ONnamy8aHHs i 3ACMOCY8AHHA  BKA3AHUX HOPM — € HA2ANbHOIO
HeoOXiOnicmio.

Pozensinymo memoou pospaxynky cmanegux enemenmis 32iono 3 €6poxkooom 3.
3oxkpema 6 uacmumi CNpULHAMMSA 32UHATLHO20 MOMEHMY OANKOGUMU eleMEeHMAMU, WO
Maromv CMaHOapmMHUll CUMEempU4HULL nepepis.
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Abstract. The use of European design standards in Ukraine, in particular for
steel structures — Eurocode 3, has become possible since July 2014. Taking into account
the fact that Ukraine has received the status of a candidate member of the European
Union, the development and application of these norms is an urgent need.
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Bending and, accordingly, the perception of a bending moment is a common task
that a design engineer has to solve. European codes, as well as national codes of
Ukraine, provide in this case two checks of the cross-section: capacity and buckling
resistance. Checking the capacity of special difficulties does not cause. Checking the
buckling resistance of a bending element is somewhat more difficult due to the need to
determine the reduction factor for the relevant buckling mode. This coefficient, in turn,
depends mainly on non-dimensional slenderness of the element. Methods for calculating
the buckling resistance of the element are determined based on the possibilities of
obtaining the non-dimensional slenderness of the element.

The key point of the methodology is the calculation of the non-dimensional
slenderness. Three calculation methods defined.:

e lateral torsional buckling curves 6.3.2.2 [1].

This method requires obtaining a critical moment for lateral-torsional buckling
(Mcr). It should be noted that the standards do not provide formulas for its calculation,
but indicate that obtaining Mcr based on gross cross sectional properties and takes into
account the loading conditions, the real moment distribution and the lateral restraints.

There are three cases for this method:

- general case. It is used for any types of sections. It is characterized by the most
accurate ("rigid") assessment of the element's behavior during buckling.

- special (local) case item. 6.3.2.3 [1] for rolled or equivalent welded sections.
For this type of section, the codes provide formulas that eventually lead to a slightly
higher bearing capacity than for the general case.

- special (local) case, using a simplified method for determining the non-
dimensional slenderness without the need to calculate M.,. The calculation is quite simple
(based on some table values), but with some loss of efficiency [9].

o simplified assessment methods for beams with restraints in buildings item
6.3.2.4 [1]. This method does not require the calculation of Mcr.

o general method for lateral and lateral torsional buckling. The following
method item 6.3.4 [1] may be used where the previous methods do not apply. Guid [9]
indicates, that method is relatively new, and, as such, has not yet been subjected to the
same level and breadth of scrutiny as the more established methods.

Some national codes limits application of the method to straight members subject
to in-plane mono-axial .

The paper considers the first method for calculating bending elements. A
comparison is made for the three indicated cases. It is noted that the second case (for
rolled or equivalent welded sections) gives buckling resistance approximately 20 %
higher than for the «rigidy first case. The third case gives a result close to the first
general case, if the flexibility of the bending element is not higher than 100.

Keywords: Eurocode 3, capacity, buckling resistance.

Beryn. Ykpaina momydaetbes 10 €Bpocoro3y. I Bxke Habyna cratyc KaHauaaTa B
4lieH! Mi€l opraHizamii. barato 3ycunb NoknamaeTbes i me TOBEAETHCS JOKIACTH, 1100
CTaTH MOBHOILIHHUM YYaCHUKOM €BPOMenchKoi ciM’i. OJHUM 13 HaNpsIMKIB MisUIBHOCTI,
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IO JIO3BOJISIE PO3MIISIaTH YKpaiHy, SIK IHTErpOBaHY €BpOINEHUCHKY JEpXKaBy — €

BIIPOBKEHHS 1 3aCTOCYBaHHS OyIiBEIbHUX HOPM mpoekTyBaHHs. 3 jumHs 2014 crano
MOXIIMBUM 3aCTOCYBaHHSI €BPONEUCHKUX HOPM — €BPOKOMIB — Ha TEpUTOpii YKpaiHH.
[liaroroBiacHa ykpaiHOMOBHA BEpCii HOPM, BHUIYCKAIOThCS HEOOXIJAHI HaIllOHAJIbHI
noaatku. [TyOmiKyrOThCs CTaTTi Ta HACTAHOBH 3 MUTaHb MPOEKTYBAHHS KOHCTPYKIIIH.

Indopmarris, mOA0 OCHOB NPOCKTYBAaHHS KOHCTPYKIIH, 30KpeMa CTaJICBUX,
HeoOXifHa, K 3700yBadyaM OCBiTH, Tak i JIIOYMM MPOEKTyBaJbHUKaM. B maHiii pobori
PO3IIISAAETHCS MATAHHS CTOCOBHO PO3PaxyHKY €EMEHTIB KOHCTPYKIIIH MpH Jii 3ruHAaIb-
HOrO0 MOMeEHTY. HaBesieHi JOCTYIHI METOJM PO3paxyHKy Ta MPOBEIACHO aHai3 OTpUMa-
HUX Pe3yJbTAaTiB.

IMocTtanoBka mpoOjeMH. AHaN3 €BPONEHCHKMX HOPMATHBHUX JOKYMEHTIB
(€Bpokon 3) 11070 MPOCKTYBAaHHS CTAJCBHUX KOHCTPYKIIA HpPH 3TUHI JUIS JTBOCHMET-
pUYHUX TIepepi3iB.

AHani3 octaHHix gocaimkenb i myoaikamiii. [TpoBigHi ykpaiHChKI HAayKOBO-
JOCHIIHI OpraHi3alii, BUII HaBYaJIbHI 3aKJIaqy JAO0KIaJaloTh YUMAJIO 3yCHJb B YaCTHHI
pO3’sICHEHb, BUBUCHHS Ta 3aCTOCYBAHHS €BPOINEHCHKUX HOPM MPOEKTYBaHH:. 30KpemMa B
YaCTHHI, III0 BIJHOCHUTBHCS JO CTAJCBUX KOHCTPYKIIHM (I 4YacTMHA IMO3HAYAETHCS B
HOpMax, K €BpOKOJ 3), MOYKHA BIJ3HAYUTH PAJI MyOITiKaIlii.

3HauHy poOOTy B IIbOMY HANpPSIMKY BHUKOHAB YKpAiHCHKWUH IIEHTP CTaJEBOTO
OyniBaunTBa. B poboTi [4] HaBemeHa CTPYyKTypa cucTeMH €BpPOKOJIB, 6a30Ba TEpPMiHO-
JIOTiS Ta YMOBHI TO3HAYeHHS. Psn poOovMx TpUKIamiB, 30KpeMa: CTajeBOi OalkoBOI
KIIITUHU, OJHOIPOJILOTHOT PaMU — 03HAHOMITIOIOTH 3 TIPaBHJIAMH ITPOEKTYBAHHS 13 ypaxy-
BaHHSIM 3 HaIllOHATBHUX ocoOmuBocTeil. B poOoTi [5] po3risHyTi OCHOBHI NPUHIUITH
MPOSKTYBaHHS KOHCTPYKIIiH y BiAmoBiAHOCTI 13 €BpokoxoM 3. HaBeneHa mociigoBHICTh
BUKOHAHHSI OCHOBHHX PO3pPaxyHKIB JUisi OAJKOBUX €IIEMEHTIB, PO3TATHYTHX Ta CTUCIUX
nepepiziB, CTUCIO-THYTUX Ta M03a-IIEHTPOBO cTUCIuX eneMeHTiB. llle nBa mocioamka [6]
Ta [7] TpUCBSYEHI OKPEeMOMY THITYy Iepepidy, IO IOCIB MPOBiAHE Miclle B JiHIHII
CTaJIEBUX KOHCTPYKI[if — 1€ JIETKI CTaJIeBI TOHKOCTIHHI mepepisi. [IoCiOHUKY OXOILTIOIOTh
BECh CIIEKTP HEOOXIHUX PO3paxyHKIB: B/l OIIIHKH XapaKTEPUCTHK Mepepi3y 10 MPOEKTY-
BanHs JICTK eneMmeHTiB mpu pi3HUX BHIAaX HampyxeHoro craHy. [loscHeHHS HalaHi
pa3oM i3 IpUKIaJaMH PO3PaAXYHKY.

OcHoBHUI MaTepiaa qocigkeHHs. Po3paxyHOK Hecy4oi 3laTHOCTI €IEMEHTY
P J1ii 3rHHAJIBHOTO MOMEHTY 3a0e3Meuy€eThCs IPU BUKOHAHHI YMOB

M
e mimmocti —24-<1 m. 6.2.5[1]
c,Rd

M
e crifikocti —24-<1,0 m 6.3.2.1 (1) [1]

b,Rd
ne M,, — po3paxyHKOBE 3HAYEHHs 3THHAIBLHOTO MOMEHTY;
M., — pPO3paxyHKOBa HECy4a 3/IaTHICTb ENIEMEHTY;
M, w; — DO3paxyHKOBHH OMip IIPH JIii MOMEHTY NPU BTPATi CTIHKOCTI,
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Jani mo MaTepiaiy po3rIsiIacThCsl BUMAJIOK PO3PaXyHKY HEPO3KPIIJIEHUX OaoK.
JI71st HEX TOJIOBHUM KPUTEPIEM € MepeBipKa BTPATH CTIMKOCTI. 3HAYEHHS PO3PaxXyHKOBOT'O
OITOpY MPH BTPATI CTINKOCTI BU3HAYAETHCS SIK

_ J
M, i =Xir W, m. 6.3.2.1 (3) [1]
Ml
ne Wy — MOMEHT oropy nepepisy, 10 PU3HAYAETHCA 3aJIEKHO BiJ] KIacy mepepizy:
- W,=W,, i nonepeuyHux nepepisis kiacis 1 i2;
- W,=W,, i IOIepedyHuX IIepepi3iB Kiacy 3;
y Y s
- W,=W,g, IngmnomnepeuHux mnepepisis kiaacy 4.
- f,—Mexa TeKy4oCTi CTai;
- X,r— TOHWXYBaJIbHUH KoedilieHT pH BTPATi CTIHKOCTI 3a MIIOCKOIO (HOPMOIO
3TUHY.
3HaueHHs KoeilieHTy },, 3aleXuTb, HacaMIepe]l, BiJl YMOBHOI THYUKOCTI ele-

MeHTy A,,. Lle € xirodoBuii MomeHT. Came 3a HEOOXIZHOCTI PO3PAXyHKY YMOBHOI

THYYKOCT1 BU3HAUMIINCh TPU METOAU PO3PAXYHKY X, ;!

- Tlepwuii memoo. 3acTOCOBYe Kpusi cmitikocmi ISl 3THHHO-KPYTHIBHOT
¢dopmu. Lleit MmeTo BUMarae po3paxyBaHHsI KpUTHIHOTO MOMEHTY M., .

J171st IbOTO METO/Y XapaKTepHi TPH BUIIAIKH:

e  3araJibHU{ BUNAJIOK — BAKOPHCTOBYETHCS JUIsSL Oy Ib-IKHX Tiepepi3iB m. 6.3.2.2
[1]. XapakTepu3y€eThcsi HAHOUIBII TOYHOI (<GKOPCTKOI0») OLIIHKOIO MOBEIIHKH €IEMEHTY
MPH BTPATi CTIMKOCTI.

o JOoKaNbHUHN BUManok (1) — mIg mMpokaTHUX a0o0 EeKBIBaJCHTHHX 3BapHUX
nepepizie 11.6.3.2.3 [1]. TyT 3acTOCOBYIOThCSI IPUITYIICHHS Ta (GOPMYIIH, 110 MPHUBOAATH
JI0 JIelIo OUThIIOT HeCYYOi 3/JaTHOCTI €lIeMEHTY Y MOPIBHSAHHI 13 3araJIbHIM BHITaIKOM.

e  JIOKJIbHUH BUMAJOK (2) - Ui MPOKATHUX a00 CKBIBAJICHTHUX 3BapHUX Tepe-

piziB [9]. TyT ymMOBHa rHy4KiCTb A, OTPUMYEThCS 6€3 HEOOXiAHOCTI po3paxyBaHHs M.,.

Jis ii BU3HaYeHHs po3po0JIeHi crellianbHi TaOauIl, IO Jal0Th Pe3yabTaT MOAIOHUIN 10
TOYHOTO BHUITAJIKY 3 HEBEITMKOIO BTPATOI €KOHOMIYHOCTI.

- Jpyeuit memoo. CTOCy€eThCS CIPOIICHOT OI[IHKU CTIHKOCTI OaJIOK 13 PO3KpiIl-
JeHHsM B OyaiBisax Ta crnopynax 1m.6.3.2.4 [1]. Leit mMerox He BUMarae po3paxyBaHHS
KPUTUYHOTO MOMEHTY M.,

- Tpemiti memoo. 3arajibHUi METOJ] PO3PaXyHKY Ha CTIHKICTh.

Leit meTon 11.6.3.4 [1] MO’ke BUKOPUCTOBYBATHCH Y BUIIAJKY, SKIIO HE 3aCTOCO-
BYIOTBCS TTOTIEpEIH] MeToau. BiH 103BOIIsIE TIEpEBIpUTH OIip HA BTPATy CTIHKOCTI 3a Mo-
MEPEYHOI0 Ta 3rHHALHO-KPYTHUIIBHOIO (hopMaM¥ JIJisl eJIEMEHTIB KOHCTPYKIIil, TAKUX SIK:

" OKpeMi eJeMEeHTH, B TOMY YHCIi CKJIAJEHOr0 Iepepily, MocTiiiHoro abo
3MIHHOTO 3a JOBXKHMHOIO, 3 YMOBaMH OIHPAHHS, B TOMY YHCII CKIQJHUMH, a00 TJIOCKI
pamMu ab0 YacTUHHU paM, IO MICTATh TaKi €IEMEHTH, SKI MiJUIraloTh il CTUCKAHHS Ta/
a0 OJHOOCHOBOTO 3TMHY Yy IUIONIMHI, [0 HE MICTATh IOBOPOTHHX IIApHIpIB
TTACTHYHOCTI.
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Leit MeTon € BIIHOCHO HOBUM 1 HE € JOCTaTHBO BHBYCHHM [9], K MONEpeHi
METOJH. PeKOMEHIYEThCSI 3 OOEPEKHICTIO CTABUTHCH IO Iboro Merona. Jleski Haiio-
HaJbHI JOJATKH OOMEXKYIOTh BUKOPHUCTAHHS I[LOIO METOAY HPSIMONIHIMHUMU €IeMEH-
TaMH, 110 3TMHAIOTECS B OJHIH IIIOIIMHI.

B morouHiii po0OTI aHami3yeTbCA MEPHIMH METOA PO3PAXyHKY J,, Ta Horo
CYIYTHI BHITQ/IKH.

3acanvruii 6unadok. s eneMeHTIB, 110 3THHAIOTHLCS, MTOCTIHHOrO MOMEPEUHOTO

nepepidy 3Ha4eHHs J,, UL BIiINOBIAHOI YMOBHOI I'HYYKOCTI A,, BU3HA4YAETHCI 32

(hopMmyII0t0
Xir = 1 <1
Lr = [x2 72 —
q)LT + q)LT - j“LT
ne
Xir =0,5- [1 +a,, (A —Apr)+ ALZT} ’
a,, — xoediuient neockonanocti; 4, =0,2;

YMOBHAa THYYKICTh IPH BTPATi CTIHKOCTI 32 3rHHAIBHO-KPYTHIIBHOIO (hOPMOIO

M, — XpuTUUHMI MOMEHT IIPU BTPATi CTIHKOCTI 3a MJIOCKOI (HOPMOIO 3THHY Y
MPYXHi# cTamii.

Jlokanvruuii sunadoxk (1) miicHUR 11 MPOKaTHUX a00 EKBIBAJICHTHUX 3BapHUX
nepepiziB. 3HaueHHS ), JUIA BIJNOBIIHOI YMOBHOi THYYKOCTi BU3HA4a€TbCAd 3a

(dhopMy10t0

1
Xir = = = <10
q)LT+Vq)LT_ﬂ'j“LT
D, = 0’5'[1+O‘LT (A _ALT,O)+ﬁ'AL2T]

BigMmiHHICTB JTOKadbHOTO BUMAAKY (1) Bij 3aranbHOrO METOMy MOJSTaE B OLTBII

«IOAIIBHOMY» 3Ha4eHHi A, ,. JlId 3araapHOro BHMNaiKy npusHadaetrbes A, ,= 0.2, a

ISt JIOKanbHOTO - A, (= 0.4. SIK HACIiNOK, Take 3HAYCHHS YMOBHOI FHYYKOCTI (HHXK4e

SKOT MOXXHA BpaxOBYBaTH TUIbKH CIIPOTHB BHTHHY W ITHOPYBaTH BTPaTy CTIMKOCTI)
MPU3BOIUTH 0 OLTBIIOTO 3HAYCHHS M), gy.

MiniMarbHe 3Ha4YeHHS ff BCTAaHOBIIIOEThCS Ha piBHi 0,75.

Jloxanvnuii 6unadox (2) € CIpOIIEHHM 3acO00M OTPUMAaHHS YMOBHOI T'HYYKOCTI

A, [9]. TonoBHa mnepeBara 1bOro 3aco0y MHOSra€e B TOMY, IIO HEMae MOTpeOM B
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pO3paxyBaHHI KpHTUYHOTO MOMEHTY M,,. TyT puiiMatoTh psiJt CipOLIEHb I IBOTABPOBHUX
TepepisiB 3 IBoMa ocsiMu cuMeTpil. [IpornoHyeTbest pospaxoByBat A, 3a GopMmyIiow

ZLT :LU-V-D-ZZ- B,

\Y C]
ne C — 3aJIeXHTh Bijl BULy HABAaHTaKEHHs (JU1s1 pIBHOMIPHOIO HABAHTAXKEHHS IIAPHIPHO-
oneproi 6anku 1.132);

U — mnapamerp, O 3aJSKUATh BiA reoMerpii mepepidy (Wisg JBOTaBpiB
npuiiMaeThes B iHTepBaii 0.84-0.9);

V' — mapamerp, 110 MOB’s3aHUH 3 THYYKICTIO (K CIIPOIICHHS MOXHA IPHIAMATH
1);

D — mapamerp necrabimizarii (s BpaXyBaHHsS HaBaHTa)KeHb, IO MPHKIAICHI
HaJ [EHTPOM 3THHY OaiKH, KOJIM HaBaHTa)KEHHs MOXe mepecyBaTuch). [Ipu HaBaHTa-
JKEHHI BepXHbOI Mmoynyku 0anku D = 1.2; i HenecTaOuIi3yrounx HaBaHTaxeHp D = 1.

Zz — YMOBHA THYUKICTb BiTHOCHO CJIa0KOI 0ci
Avz=Avz/ A ,Avz=kL/ivz);

k — xoeilieHT MPUBEIEHOT JOBKUHH;

[, — 3anexuts Bin Kiacudikaiii nepepisy; it kiacy 112 f, =1, misa knacy 3

pu ¢=1,U=09, V=10, D= 1.0, k=1 (rapsuekartani JBOTaBpOBi Mepepizu)
cTBOpeHa TabiuLs [9] 3a JOIOMOTrOFO SIKOT BU3HAYAETHCS 3HAYCHHS A, . .

Tabnuys
A, IS PI3HUX KIACiB cTami
S235 S275 S355
f=235 fy=225 fr=275 fy =265 fy =355 fy=345
H/mMm, H/mM, H/mM, H/mM, H/mM, H/mM,
L, L, L, L, L, L,
T /% |7 /% |\ 1. 2/% |\ 2/ | x| o2

04 | Y 107 96 9 g5 g6

Jnst BKa3aHWX BHINEC TPHOX BHIAJKIB Oyld BUKOHaHI PO3paxyHKU Mg, (p03-
PaxyHKOBHH OMip MpH Jii MOMEHTY NPH BTPATi CTIHKOCTI) JUIS JBOTaBPOBOTO TEpepizy.
[TopiBHSHHS BHMKOHAHO IUIAXOM CITIBBIJHOIICHHS Pe3y/bTaTiB (KOSQIIIEHT [) TBOX
JIOKQJIbHUX BHINAAKIB (M) rs Ta M) ) 10 3aTaIBHOIO TOYHOTO MeTony (M) ry) 3aJIEKHO

BiJl THYYKOCTI OaJIKOBOTO €IIEMEHTY Z,Z = % . IlincymMOK MOpPIBHSHHS HaBEACHO Ha
z

PUCYHKY HHU)KYE.
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Pucynox. Iopienanns pesynrbmamis po3paxyHKy

BucHoBku. BUCHOBKH CTOCYIOTBCSI HEPO3KPIIUIEHUX OAJIOK IBOTABPOTO Mepepizy
3 IBOMA OCSIMU CHMETPIii.

[epmmii nokanbHUE BUNANOK (M rs) Y TOPIBHSHHI 3 TOYHHM METOJIOM
po3paxyHky (M, r,) nae pospaxyHkoBuii omip Ha 20 % Ounbire. Takuii pe3ynabTaT €

HACJTIIKOM BUKOPHCTaHHS 301IbLICHOr0 3HaYeHHS YMOBHOI rHy4kocti A,, , =0,4= 04,

HWKYE SIKOT IrHOPY€EThCS BTPaTa CTIHKOCTI.

Pesynpratn gpyroro nokampHOro BUNAAKy — (Mpygs) ONMU3BKI O TOYHOTO
pe3ynbraty. | y mopiBHSHHI 3 HAM, SIK OyJIO 3a3HaueHO BHILE, Mp; s XapaKTEPU3YETHCS
JIeSIKOI0 BTPATOI0 €KOHOMIYHOCTI. AJIe I BTpaTa CTa€ 3aHaJITO 3HAYHOIO MPH 3POCTaHHI
ray4kocti enementy. Tax mpu A, >100omip 3Hmxyerscst Ginbine HbK Ha 10 %. Lleit

crocid € IpUBaOIMBUM 32 CBOEIO MPOCTOTOIO (HE IMOTPiOHO po3paxoByBaTH M,,), ane Horo
BUKOPHUCTAHHS CITiJI OOMEKUTH ISl €IEMEHTIB 31 3HAYHOKO THYUKICTIO.
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