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ON LTB RESISTANCE ASSESSMENT OF
PRISMATIC I-SECTION BEAMS ACCORDING
TO EUROCODE 3

The lateral-torsional buckling resistance (LTB sémnce) of beams bent about the
major axis is dealt in Eurocode 3 twofold: a) diledn clause 6.3.2, referring to
the lateral-torsional buckling curves of the sdezhiGeneral case in 6.3.2.2 and of
Special case of rolled sections and equivalent egklgections in 6.3.2.3, and
indirectly in 6.3.3 as a special case of beam-cakiin bending and compression
(provided that the axial force and the bending munadoutz-z axis vanish). In
the latter, interaction factors are evaluated eithem Annex A (alternative
method 1) or from Annex B (alternative method 2)isTpaper discusses the issue
of interrelations of mentioned above direct andirext approaches for the
evaluation of the lateral-torsional resistanceedrins under moment gradient.

Keywords: steel prismatic beams, I-section, lateral-tordiomackling, direct
resistance evaluation, indirect resistance evaloati

1. Introduction

Part 1-1 of PN-EN 1993 [5] requires that in genaitlation of nonzero
moment gradients of beams bent bi-axially, theofelhg resistance utilization
ratio inequity (equity as the limit) needs to based:

RUR=ma¥RUR;RUR} <1 (1)

where: RUR — cross-section resistance utilization ratio,
RUR, — beam buckling resistance utilization ratio.
The cross-section resistance utilization r&ldR. is of the form:
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a B
RUR - My,Ed(fmax) g +[M1Ed(gmax):| (2)
Mchk/yMO Mchk/yMO
and the beam buckling resistance utilization rRti¢R,:
k M y Ed max M z Ed max
yy yz

RUR, = max M yuric/ Vi VU —a ?)

M y Ed max M z Ed max

+k
zyMthk/yMl zzMchk/yMl

where: ay, f — class and cross-section dependent constantss3ee [
&max= 2X/L — coordinate corresponding to the most stressed beam
section,
Myb.rc= yLTMyc.re— Characteristic lateral-torsional buckling resist,
xt — lateral-torsional buckling reduction factor degent upon the

slenderness ratiod.r calculated for the actual distribution of the
bending momenMy e{&) (i.e. taking account for the moment gradient
ratio),

Mycre= Wy and M,cre=W;fy — characteristic cross-section bending
resistances,

W, andW; — cross-section class dependent modules in bending

ymo, ym1 — partial factors for the cross section resistasmog the beam
buckling resistance, respectively,

My, edmax @and M; esmax — design values of the maximum moments about
they-y andz-zaxes, respectively.

Interaction factorg; (wherei, j =y, 2) govern in equation (3) the effects of
geometric and material nonlinearity in the beamalvér as well as the effect of
moment gradients for bending about the aygsand z-z These interaction
factors may be evaluated according to analyticaimigation presented in
Annexes of [5] (see Annex A for a more accuratewations of the so-called
alternative method 1 or Annex B for the so-calld#draative method 2) or the
ECCS Design Manual [6]. The values of these factoese calibrated on the
basis of numerical simulations [1, 4]. As a restlie alternative method 1 is
more laborious but closer to the results of finkéement simulations.
The alternative method 2 is less laborious but iaf@ately more conservative
in comparison to both the numerical simulations #red alternative method 1
predictions. National Application documents in coigs implementing the
Eurocodes may choose one from the mentioned aboethons, e.g. the
alternative method 2 is recommended in Poland [5].
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2. Eurocode’s recommendations

2.1. Resistance criteria for bi-axial bending

Table 1 summarizes the cross-section class deperelationships for the
evaluation of interaction factors in the alternatimethods 1 and 2 for beams
under a combined loading condition of applied supmpeoments about the
strong axis and about the weak axis. The referdateeal-torsional buckling

slendernesiu,ref is calculated using the critical momévi¢ o which refers to

the basic case of perfect beam elastic LTB unddomum moment, i.e. to the
case ofyy = 1,0 (wherayy = My edmin/ My.edmax IS the support moments ratio and
My.edmim, My edmax @re minimum and maximum support moment, respdgjive
One has to note that for moment gradient case®libging relationships hold:

- M A - M
/]LT - YGRK — LT, ref ’ /1LT,ref - Y yoRk (4a,b)
Mcr \/61 |\/Icr,O
. ICN Rk
Me o =lcyNe Ner = b /]ET (4c)

where:C; — critical moment modification factor that depeng®n the moment
gradient ratio for bending aboyty axis,
M — critical moment for the moment gradient case,
Mecro — critical moment for the uniform bending (theareince case),
ic — polar radius of gyration,
Nerz andNer 7 — flexural and torsional critical loads evaluateith use
of the buckling length factots = ks = 1,
Nc,rk— Cross section resistance in compression,
Myc,rk— Cross section resistance in bending apeuaxis,
and the other symbols according to [6].

The ratio between the critical momeMs andMc o gives the constar;
that may expressed for the cases of moment gradignthe following
relationship [2]:

M 1
C,=—9 = (4d)

1
Mcr,O 1+‘//y 1 +1 1_‘//y ’ 1
2 Jc, 2 2 Jc

la

Where:C1s=1,0,C1,=1,32.
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The relationships valid for the interaction factdss(i,j =y, 2 of the
alternative method 1 are more detailed than thosike alternative method 2
since dependent upon more parameters influenciegstiape of buckling
resistance interaction curves and their numericdles. In the alternative
method 2, the interaction factors depend only oe #guivalent uniform
moment factorsCyy and Cn, (see cells shown at the darker background in
Table 1).

The application of alternative method 2 may leadatdifferent safety
assessment than the application of alternative adeih Equation (3) becomes
then very conservative and for the class 3 andday be written down in the
following form:

M M

y Edeq zEdeq
M M
RUR, = max Mthk/yMl I\;Ich/yMl 5)
y Ed max zEdeq

M thk/yMl M chk/yMl

where: My ed.eq= CmyMy,Edmaxx,  Mz,edeq= CndMzedmax — €quivalent uniform
moments about section axgy andz-z respectively and other symbols
conform with [5] and the ECCS Design Manual [6].

Table 1. Interaction coefficients
Tabela 1. Wspotczynniki interakcji

Interaction Section class 1 and 2 Section class 3 and 4
coefficientskij Method 1 Method 2 Method 1 Method 2
C..C
my~mLT
I(yy c C:my CmyCmLT Cmy
yy
WZ sz
kyz 06 |[— C_ 06C,,, Cmz Chnz
Wy Syz
w, C..C 1,0 ford;>04
y ~my~mLT ) z2 U,
Koy 06,[——— = - CrnyCrmit 1.0
w, C, 0,6+Azfor 1;<0,4
C
mz
kZZ C sz sz sz
Y4
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Explanation of variables used in Table 1.:
* alternative method 1:

W, W
w,=—2Y <15 w, =—PZ<15,

y
Wel,y elz
W, I W,, |w
Cyy =1~ (Wy _1)bLT 2 We o C,, =1~ (w, —2)c 7 = 0,6—We" -z,
ply plz | Wy
— Wel,y Wy —
Czy =1- (Wy _l)dLT 2 O,GWpLy VZ , sz =1,
I - M
a :1__TZO,/‘LTref= YGRK )
| y M cr,0
M M
b|_T = O’SaLTALT ref y.Ed zEd ’
LT™ plyRd M plzRd
=2
Cr =101 / LTif; M yes ,
5+ z )(LTCmyI\/I pl, y,Rd
A M M
d =2a- L”: y.Ed 2Bd
011+ /]z /YLTCmyI\/I pl, y,Rd szM pl zRd
A M
e|_-|— - 1,7a|_-|— LT,ref y,Ed

01+ jlzl /YLTCmy'vI pl y,Rd ,
0,79+ 021y for jLT ref < ELT 0 -

C = Y _ — 7, Auro=04133- 03
m { 10 for Airret > A0 2( Y)

C.r=10, C,=079+ 021y, .

* alternative method 2:

Cry=06+04p,204, C,,=06+04y,= 04,

and other symbols according to [5, 6].

2.2. Resistance criteria for mono-axial bending ahd y-y axis

One may expect that the safety assessment critefibeams under mono-
axial bending would yield from a special case ofakial bending. Letting
M;eq= 0 in equations presented in the previous sulmsecthe maximum
dimensionless moment for rolled | or H sectionslding either from the
clauses for mono-axial bending 6.3.2.2 and 6.32.BN 1993-1-1 [5] and for
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bi-axial bending being the simplifications of thena general interaction resistance
criteria according to clause 6.3.3 of the same &dalculated as follows:

* from the clause 6.3.2 [5] for mono-axial bendimgr{ioted hereafter as the
curve 0):

my Ed max = XLT (6)

* from the clause 6.3.3 [5] for bi-axial bending,pEmdix A for the alternative
method 1 (denoted hereafter as the curve 1):

Xt for Airret > ALt

m = 2 A
y Ed max {XLT/(O,79+ O,ZJI/Iy) for Aitret <Aito

(7)

* from the clause 6.3.3 [5] for bi-axial bending,p&mdix B for the alternative
method 2 (denoted hereafter as the curve 2):

Xt for 1,2 04

My Ed max = {/\/LT/(O’G-'—AZ) for jz <04

(8)

where: my edmax = My,edmax/ Mycre — dimensionless maximum design moment
abouty-y axis,

3. Comparison of LT buckling resistances in case ahono-axial
bending

Figures 1. and 2. show the differences in the tasi® assessment
evaluated according to equations (6)-(8), i.e.dyg directly for the clause
6.3.2 [5] (either 6.3.2.2 or 6.3.3.3) of mono-axi@nding and indirectly from
the clause 6.3.3 [5] of bi-axial bending and compien (for Neg=0 and
M eq= 0). The comparison is made for HEB 300 secticth the unit values of
partial factors, i.e. fopmo =ym1 =1, as well as for different values of the
moment gradient ratio, namepy = 1, 0, and-1, using the relevant LT buckling
curves. The ordinate is the dimensionless resistamesmax and the abscissa is

the slenderness ratid.t ref . Each figure shows three curves, namely:dirve

from the direct use of LT buckling in mono-axialnideng abouty-y axis,
1- curve based on bi-axial bending verification adowy to the alternative
method 1 and finally 2 — curve based on bi-axialdieg verification according
to the alternative method 2.

It is worthy to note that different LT buckling a&s need to be considered
for using the clauses either 6.3.2.2 or 6.3.3.3h(Winperfection factors relevant
to HEB 300, namely,.t = 0,21 andx.t = 0,34, respectively).
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Fig. 1. Comparison of LT buckling resistance curaesording to
6.3.2.2 and 6.3.3 [5], a) symmetric bending= 1, b) asymmetric
bendingyy = 0, c) anti-symmetric bending, = -1

Rys. 1. Poréwnanie krzywych frmsci przy zwichrzeniu wg
6.3.2.2 oraz 6.3.3 [5], @) zginanie symetrycezme 1, b) zginanie
asymetryczneyy = 0, €) zginanie antysymetryczpg= -1
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Fig. 2. Comparison of LT buckling resistance cur@esording to
6.3.2.3 and 6.3.3 [5], a) symmetric bending= 1, b) asymmetric
bendingyy = 0, c) anti-symmetric bending, = -1

Rys. 2. Poréwnanie krzywych frosci przy zwichrzeniu wg
6.3.2.3 oraz 6.3.3 [5], @) zginanie symetrycene 1, b) zginanie
asymetryczneyy = 0, €) zginanie antysymetryczpg= -1
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4. Conclusions

1) Regardless the moment gradiestfor the slenderness; = 04 in reference
to the alternative method 2 and for the slenderness

Attt > At = 0,2(1,33— O,S:i//y) in reference to the alternative method 1,

the LT buckling resistancen,rd= My ed/ Mycrda €valuated from bi-axial
bending according to the clause 6.3.3 [5] coincidéh that of the clause
6.3.2 of [5], namelyn, eqmax = yLt according to the General case of the clause
6.3.2.2 [5] ormy,edmax = xLTmod according to the Special case of the clause
6.3.2.3 [5] for rolled sections and their weldedimterparts.

2) For the slendernesd; < 04 in reference to the alternative method 2 and

AT et € ALt = 0,2(133— 0,33/ly) in reference to the alternative method 1,

both methods overestimate the LTB resistance acuptd 6.3.2 [5], except
for the alternative method 1 in case of uniformdieg (y=1). The LT
buckling resistance is therefore bounded by thémeresistance. One has to

note that foerT,ref :jLT,O = 0,2(],33— O,33,l/y) there is a discontinuity in

the resistance curve evaluated by the alternatathoa 1.

3) Comparing the results from the General case appr@eause 6.3.2.2 [5])
and from the Special case of clause 6.3.2.3 of RNEE93-1-1 [5] for rolled
| and H sections and their welded counterparts,ldtter return higher LT
buckling resistances with the difference rising daurse of the greater
moment gradient (smaller value of the moment gradiatio).

4) In case of anti-symmetrical moment diagram £-1) and the range of

practical length of beamsA{t ref <1,2), y.1 = yLTmoa @ccording to the clause
6.3.2.3 [5] overestimates the unit value, therefoeebeam must be regarded
as an insensitive one to LT buckling.

5) Observed differences in the LT buckling resistanbgsrq evaluated for
moment gradient cases from different options ak#glan [5] indicate that
there is a need for the further study with useintd element simulations
using the modeling technique presented in [3] andtlie verification of
Eurocode’s analytical formulations applied to rdliend equivalent welded |
and H section beams.
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W SPRAWIE OCENY NOSNOSCI NA ZWICHRZENIE
PRYZMATYCZNYCH BELEK O PRZEKROJACH DWUTEOWYCH
ZGODNIE Z EUROKODEM 3

Streszczenie

Nosnoé¢ na zwichrzenie belek zginanych wadgm osi wekszej bezwiadriei przekroju
mozna okréli¢ na podstawie normy PN-EN 1993-1-1 na dwa sposebybezpérednio na
podstawie punktu 6.3.2 ww. normy, przyjawj wspotczynnik redukcyjny it zgodnie
z postanowieniami  przypadku ogoélnego (podpunkt2&23. lub zmodyfikowany wspétczynnik
redukeyjny yL.tmoa zgodnie z przypadkiem odnasgm st do bisymetrycznych dwuteownikow
walcowanych i ich odpowiednikéw spawanych (podpu6i3.2.3); b) pérednio na podstawie
punktu 6.3.3 ww. normy, rozpatggj szczegoélny przypadek elemenitiskanego i zginanego,
w ktérym zanika wptywsciskania i zginania wzgtlem osi mniejszej bezwtadéwd. W odniesieniu
do metody péredniej wg 6.3.3 normy, wspotczynniki interakcji @ wyznaczy na podstawie
Zalkcznika A (alternatywna metoda 1) lub #&inika B (alternatywna metoda 2) ww. normy.
W artykule przeprowadzono dyskeisjzajemnych relacji poraizy przedstawionym podejem
bezpdrednim i pédrednim w wyznaczaniu 8oasci belek zginanych natanych na zwichrzenie. Na
przyktadzie swobodnie podpartej belki zginanej dwampmentami podporowymi ozaidym znaku
i wartaici poréwnano powssze poddgia i sformutowano wnioski.

Stowa kluczowe:stalowe belki pryzmatyczne, dwuteownik, zwichrzgitiezpérednia ocena
nosnodci, pasrednia ocena rsoOSCi
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