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IIpoghunu memannionpokama HAxX00AM WUPOKOe NPAKMUYECKOe NPUMEHeHue 6 Kauecmee OanoK.
Oonako 6 cmandapme Eépoko0 3 omcymcmeyiom pekomeroayuu no pacuemy 6aniox u3 npoguiet
Memanionpokama 6 YCio8Uax HASPYHCeHUsl C IKCYEHMPUCUMEMOM, m.e. CMeWjeHus ITUHUU Hazpy-
JICEHUS. OMHOCUMENLHO YeHmpa cosued. Bvinonnen pacuem KpumuyecKux Hazpy3ok O npoguneti
Memanionpokama 6 yCiosusx uzeuba ¢ IKCYESHmMpUCUmenom, a e20 pe3yabmamsl CPAGHUBAIOMCS C
OAHHBIMU, NOTYYEHHLIMU MEMOOOM KOHEUHbIX IJIeEMEHNO06 HA OCHOBAHUU NAPAMEMPUUECKO20 NOO-
xo00a. IIpeonodicen HO6bLIL MemoO paciuema, XOPOULO CONACYIOUULCS C NONOMHCEHUAMU CMAHOapma
Eepoxoo 3.

Knwuesvie cnosa: nporpamma ANSYS, MeTOIl KOHEYHBIX 3JIEMEHTOB, TOPCHOHHAs
roriepeyHast moTepsi yCTONYUBOCTH, MPOPUIIL METAIUIONPOKATA.

Introduction. Steel channel sections are often used in the building practice. The
structural behavior of mono-symmetric channel sections is different from that of
double-symmetric cross sections such as solid or I shaped cross section as shown in Fig. 1.
This difference exists because the shear center (S) and center of gravity (C) do not coincide.
If the applied load goes through the shear center of a channel section (Fig. 1d), the load is
called “centric.” It has been shown that [1-4] standard code requirements for lateral
torsional buckling of double symmetric cross sections can be used for the design of
centrically loaded channel sections.
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Fig. 1. Cross section: (a) solid, (b) double symmetric, (c) eccentrically loaded, and (d) centrically
loaded.
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Theoretical Background. In practice, channel sections are most frequently
eccentrically loaded (Fig. 2). However, no specific design rules are available in Eurocode 3
[5, 6] for lateral torsional buckling of eccentrically loaded channel sections used as beam.
On the basis of parameter study, a new design rule is proposed in literature [7, 8], which is
in line with the design rule in Eurocode 3.

Fig. 2. Lateral torsional buckling of a cantilever channel beam.

Modified y;; Method. For channel sections, the relative slenderness A,; must
first be adjusted to account for torsion. This has been achieved by adding a term IT. The
modified relative slenderness A, to account for the eccentrically loaded channel
sections is as follows:

Ayr =Arr +Ar. (1)

The torsion term IT depends on the relative slenderness as follows:

L=, if 05<A,, <075,
Ar =1069— 0444, if 075<A,; <114, )
019 if A, =114,

The adjusted reduction factor is given by

1
AT = = 3
o +lpir — A 1™ )
with
orr = 05[+a,r (A yr —02)+ A% 1, 4

where A mr 1s the modified relative slenderness according to (1) and «;; is the
imperfection factor corresponding to the relevant buckling curve.

My ra = X101 Wpiy [V 1 = XorM piy ra - (5)

The design rule became
Mgy =My rq = %17M ppy. Ra > (6)
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where M, is the design bending moment due to the applied loading and M, p, is the
plastic moment capacity of the cross section along y axis.

In this way the effect of torsion is included in the Eurocode 3 design rules. This will
be called the modified y;; method.

Finite Element Method. A commercial finite element software ANSYS [9], was used
for the analysis. An eigenvalue analysis was used to get the deflected shape (mode shape or
eigenvector) and the associated load factor (eigenvalue). The resulting eigenvalues are
actually the load factors to be multiplied by the applied loading (1 kN/m?), in order to obtain
the critical buckling load. The element used in ANSYS [9], BEAM 188, is a quadratic
three-dimensional beam element suitable for analyzing slender to moderately stocky beams.
It possesses warping degrees of freedom, in addition to the conventional six degrees of
freedom (Fig. 1). The numerical results of the buckling analysis are shown in Fig. 3, where
the buckled shape and the load factor are indicated. (Fig. 3) depicts the behavior of the
lateral torsional buckling, where lateral displacement combined with twisting can be
observed.

Validation. In order to validate the finite element model developed for this
investigation, an eigenvalue buckling analysis was carried out for the models shown in
Fig. 3, and the predicted load factors (Table 1) were compared with the theoretical values
of the lateral torsional buckling capacity. The difference between the results calculated
|1 ansYs = M theor |

using formula is A=
Y 4NSYS

Table 1
Predicted Load Factors
Section Boundary conditions loading Loading Load factors
location
Miheor | Mansys | A, %
UAP 300 F Upper | 6790 | 6820 | 0.43
flange
H . Shear 7750 7800 0.64
center
Lower 8360 8400 0.47
Cantilever beam L =6 m, F =1kN flange
At beam fixing: v, 0,v', 0’ (fixed)
UAP 300 F Upper | 43724 | 43988 | 0.60
l flange
A A Shear | 44977 | 45000 | 0.50
- - center
L

Lower | 45793 | 46000 | 0.45
Simply supported beam L =10 m, ¥ =1kN| flange

At beam fixing: v, 0 (free), v/, 0’ (fixed)

UAP 300 F Upper 79273 | 79752 0.60
I l ” flange
[ | Shear | 80554 | 81000 | 0.55
-* o center
L

Lower | 82170 | 82500 | 0.40
Fixed end beam L=10m, F =1kN flange

At beam fixing: v, 6,v', 0’ (fixed)
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Fig. 3. Numerical buckling analysis results: (a) cantilever channel beam; (b) simply supported

channel beam; (c) fixed end channel beam.
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The buckling capacity predicted using the beam element BEAM 188 from ANSYS [9]
is within 0.6% of the theoretical value.

The above figures show the behavior of the lateral torsional buckling; we can observe
the lateral displacement in combination with twisting.

Conclusions. This paper compares ultimate lateral torsional buckling loads of
unrestrained channel beams in bending based on adjusted design rules to ultimate loads
obtained with finite element simulations. It can be concluded that the adjusted design
method can lead to the underestimations of even less than 0.5% of the ultimate lateral
torsional buckling load of unrestrained beams obtained from finite element simulations.
The new design method gives good results for lateral torsional buckling of steel channel
beams loaded eccentrically without restraints between the supports.

Pe3ome

[Ipodini Meranonpokary 3HaXo/sTh HIMPOKE MPAKTHYHE 3aCTOCYBaHHs sk Oayku. [Ipore y
cTaHmapTi €Bpokoxa 3 BiICYTHI peKOMEHIAI] 00 PO3PaxyHKy Oalok 3 mMpodiiiB MeTaIo-
OPOKaTy B YMOBax HaBaHTKCHHs 3 CKCICHTPHUCHUTETOM, TOOTO 3MIIICHHS JIiHII HaBaHTa-
JKEHHSI BITHOCHO LIEHTpa 3CyBY. BHKOHaHO pPO3paxyHOK KPUTHYHUX HaBAHTAXKEHb JUIA
mpoQiTiB METATIOMPOKAaTy B YMOBaX IXHBOTO 3THHY 3 €KCIICHTPUCHUTETOM, a HOTrOo pe3yiib-
TaTH TOPIBHIOIOTHCS 3 JTAHHUMH, OTPUMAHUMH METOJIOM CKIHUCHHHMX CIIEMCHTIB Ha OCHOBI
[apaMeTPUYHOrO IMiXO0/y. 3anporoOHOBAHO HOBHU METOJ PO3PAXYHKY, SIKHU J100pe y3roj-
JKY€EThCS 3 TIOJIOKEHHSIMU CTaHAapTy €Bpokon 3.
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IMoanucarecs Ha xypHan «lIpobaeMbl MPOYHOCTHY» MOXKHO, Kak OOBIYHO, B
MECTHBIX OTeNeHusX cBaA3M. JKypHasl BKIIOYEH B KaTajlorn Ykpaussl U Poccun.
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Ilena omHOTO HOMEpA C Yuemom noumossix pacxodos B 2016 romy cocTaBuT:

B npenenax Ykpaussl 60 IpH.;
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OT/IeTbHBIM TUCBMOM HEOOXOJMMO COOOIIUTH B PEAAKIMIO TPeOyeMoe KOJIH-
YeCTBO HOMEPOB, CYMMY W JaTy OTIIPaBKH IE€PEBONA, YKa3aTh CBOW IOYTOBBIN
aapec. OTnpaBka *KypHaJOB OCYLIECTBISIETCS MOCE MOCTYIJICHUSI IEHET MOJIUC-
YHKa.
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