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Abstract. Introduction. Structural stability is an essential part of design process for steel structures and checking the
overall stability is very important for the determination of the optimum steel beams section. Lateral torsional buckling
(LTB) normally associated with beams subject to vertical loading, buckling out of the plane of the applied loads and it is
a primary consideration in the design of steel structures, consequently it may reduce the load currying capacity.

Methods. There are several national codes to verify the steel beam against LTB. All specifications have different approach for
the treatment of LTB and this paper is concentrated on three different methods: America Institute of Steel Construction (AISC), Euro-
code (EC) and Russian Code (SP). The attention is focused to the methods of developing LTB curves and their characteristics.

Results. AISC specification identifies three regimes of buckling depending on the unbraced length of the member (L5).
However, EC and SP utilize a reduction factor (y.7) to treat lateral torsional buckling problem. In general, flexural capacities
according to AISC are higher than those of EC and SP for non-compact sections.

Keywords: steel beams, structural stability, lateral torsional buckling, beam design curves

Introduction

Beams are structural elements loaded in a tra-
verse direction, in other way beam may be defined as
a member subjected essentially to bending and shear
force but its behavior is dominated by its bending
deformation [1; 2]. For the design and construction
of beam structures different countries have articula-
ted their own codes for laying down the guidelines.
This paper is concerned with the method of beam
design curves against lateral torsional buckling using
AISC (American Institute of Steel Construction),
EC (Eurocode) and SP (Russian Code) since lateral
torsional buckling is the main limit state that must be
checked for steel beams [3—6]. Structural stability is
an essential part in the design process for steel struc-
tures and checking the loss of overall stability often
is very important for determination of the section of
steel beams. Lateral torsional instability is normally
associated with beams subject to vertical loading
buckling out of the plane of the applied loads by de-
flecting sideways and twisting behavior analogous to
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the flexural buckling of struts [7—8]. There are vari-
ous approaches to verify the steel beam against late-
ral torsional buckling (LTB) and in this paper, the com-
parison of calculations and methods has been shown
according to three different methods: AISC, EC and
SP [3; 9]. According to all specifications, yielding
and lateral torsional buckling are the two limit states
for flexural members. Yielding and lateral torsional
buckling is treated separately for clarity of the com-
parisons. Lateral torsional buckling is a limit state
that may assure the strength of a beam [10]. The prob-
lem of lateral torsional buckling of steel beams has
been studied extensively by many authors, including
Trahair and others [11-14]. When a beam is bent
about its axis of greatest flexural rigidity, it may twist
before it attains its strength limit state. The twisting
of the beam goes on once the compression flange
becomes unstable due to its being exposed to flexural
induced axial stresses and acts like a strut consequent-
ly the compression flange will tend to buckle side-
ways dragging the tension flange with it. Flexural
torsional buckling is a primary consideration in the
design of steel structures, as it may reduce the load
currying capacity. Unless it is prevented either by
sufficient bracing or members which have adequate
flexural and torsional stiffness’s, larger member must
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be used to avoid premature failure [15]. Once the flange
is restrained at intervals, LTB may occur between
the restraints and this must be checked. If this re-
straint is continuous, the beam is fully restrained and
LTB will not occur. A beam is considered to be un-
restrained when its compression flange is permitted
to displace laterally and rotate. When an applied load
causes both lateral displacement and twisting of
a member LTB has occurred. All specifications have
different approach for the treatment of LTB and in
this article the attention is focused to the methods of
developing LTB curves and their characteristics.

Methods
Design according to the AISC approach

The AISC specification provisions for LTB are
considered in three different parts of buckling depen-
ding on the unbraced length of the member (L) [16].
Two threshold values for unbraced length i.e. L, and
L, are well-defined in AISC specification. The L,
value provides a separating line between plastic (no
lateral buckling) and inelastic buckling behavior.
Similarly, the L, value provides a separating line be-
tween inelastic and elastic buckling behavior. Ac-
cording to AISC, plastic moment capacity of a com-
pact member can develop if the unbraced length is
less than L, and using this value in design represent
the optimum use of steel [16—19]. The member’s ca-
pacity reduces linearly between M, and 0.7M, if the
unbraced length is between L, and L,. If the unbraced
length is greater than L,, then elastic buckling is ex-
pected to occur and the capacity can be found using
elastic critical buckling moment (M..). The Cj; factor
given in design specifications for non-uniform mo-
ment diagrams can be used to estimate the increased
brace requirements for other loading cases [20]. The
following equations are summarized for the nominal
moment capacity of lateral torsional buckling as per
the AISC specification.

M, = M, = Z+F,,

when L, < L,,

M—Cb*[M (M, — 0.7, y)(L_L)]SMp,

when L, < Lj < Ly,

_ o Cpm’E Lp)\?
M,=M, =S5, oy J1 +0.078 xho(m) ,

when Ly, > L,,
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M, is the lateral torsional buckling moment, M,
is the plastic moment, F, is the yield stress of the
steel section, S, is the section modulus of the com-
pression flange about the x-axis, ry is the radius of
gyration of cross-section, A is the distance from the
centroid of the top flange to the centroid of the bot-
tom flange, L, is the unbraced length and L, and L,
are the two threshold values for unbraced length for
the inelastic range and Cj is the moment gradient
factor.

Design according to the EC approach

In Eurocode 3, the capacity of a member with
respect to the buckling and instability is taken into
account by a reduction factor (y,,) [21-25]. This
factor is strongly dependent on the member slender-
ness parameter (A;r) [22]. According to Eurocode 3,
the beam should be verified against lateral-torsional
buckling resistance as follows: The elastic critical
moment (M) is used as the basis for the methods
given in design codes for determining the slender-
ness of a section. The elastic critical moment (M,,) is
similar to the Euler (flexural) buckling of a strut as it
defines a buckling load [26]. Euler bucking explains
the axial compression that will cause a strut to fail in
elastic flexural buckling compared with the elastic
critical moment that defines the moment which will
result in failure due to elastic lateral torsional buck-
ling of a beam. According to Clause 6.3.2.1(1) of EN
1993-1-1, the beam should be verified against late-
ral torsional buckling resistance as follows [27-30]:

fy

M¢ra = Mpira = XerWy ——
Mo

B 1

Xor = ’
O+ /cp2 — B AL

. 12
withy, . < 1.0andy,, < (E) .

And @, 7 is defined,

Wy f,
O = 0.5[1+ oyr (Apr —Arro) + BXLTZ Mr = }ﬁ,
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where o;r is the imperfection factor corresponding to
the appropriate buckling curve; v, is the partial fac-
tor for member instability which has a recommended
value of 1.0 in EC3; W,f, is the section moment re-
sistance; A.r is the modified slenderness, and the va-
lues of ozr, p and depend on the type of beam
section.

Design according to the Russian Code approach

Depending on the purpose and conditions of the
structures, calculation of flexural elements (beams)
should be performed without taking into account or
taking into account plastic deformations in accordan-
ce with the subdivision of elements into three clas-
ses. Beams of the first class should be used for all
kinds of loads and be calculated within elastic de-
formations; Beams of the second and third classes
should be used for static loads and taking into ac-
count the development of plastic deformations [3;
31]. This approach also used a reduction factor x;r
to treat lateral torsional buckling problem [22]. Using
SP the nominal moment capacity is suddenly drops
from plastic moment capacity in non-compact section
and it is limited to a small lateral bracing length. For
Class 2 and Class 3 members, if the member is load-
ed with moment in one of the principal plane only,
the design buckling resistance moment (nominal
moment capacity for LTB) should be calculated as
follow:

My rp = Xir Wy nyC s

when y.r > 0.85, the section is in the elasto-plastic
stage.

As the result, the Young modulus declines and
the buckling factor has to be modified [3; 31]. The mo-
dification of buckling factor is specified in SP code
and this is done by finding the coefficients a (section
SP16 G.4) and v (SP16 Tables G.1 and G.2). The
buckling factor for members with doubly-symmetric
I-sections is calculated as follows.

_{ @q,ifp, <0.85
XLT =10.68 + 0.21¢,, if @, > 0.85°

where @; is defined in the SP code (section SP 16 G1).

The Russian standard also provides equations
for stable length limits of the beam'. The over all
stability of the flange is ensured if the characteristic
nominal slenderness is less than the ultimate slen-
derness value which can be calculated from Ultimate
nominal slenderness [SP 16.13330.2011, Chapter 8.4.4,

'SP 16.13330-2017. Building Codes. Design of Steel Struc-
tures. Moscow, 2017. (In Russ.)
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Table 11] below: for condition of Upper flange we
can consider the following formula.

ler L _ b\by [Ry
- < (0.35+0.00327 + (0.76 — 0.02%)2) |2,
h
< -<
but { 1 b 6 }:
15 < b/t < 35

where b and ¢ are width and thickness of the com-
pression flange; / is distance (height) between the
axes of the flanges.

When b/t < 15, need to take the value b/t = 15.
If the limit slenderness which is flange stability is
more than the limit value, it is necessary to install the
intermediate stiffeners for reduction of the effective
length /. Under the action of normal and tangential
stresses, the beam wall can lose local stability, i.e. its
local buckling can occur.

Results and discussion

The curves of nominal flexural strength for
601112 and W12x30 of the steel beam sections, accord-
ing to the AISC specification, show the distribution
of capacity of the steel sections across a wide range
of lateral bracing length (L), shapes of the moment
with C, = 1 and with a value of F, = 275 MPa.
The graphs are shown in figures 1 and 2.
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Figure 1. ®M, vs Ly for 601112 according to AISC
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Figure 2. ®M, vs Ly for W12x30 according to AISC
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Similarly, curves of the nominal flexural strength
of sections for 601112 and W12x30 of the steel beam
sections, using Eurocode, show the comparison of
capacity of the steel sections across a wide range of
lateral bracing distances (L) and with a value of
F,=275 MPa. The graphs are shown in figures 1 and 2.
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Figure 3. ®M, vs L; for 601112 according to EC
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Figure 4. ®M, vs Ly for W12x30 according to EC

Likewise, according to Russian Steel Construc-
tion Specification, curves of the nominal flexural
strength for 601112 and W12x30 of the steel beam
illustrate the comparison of capacity of a single steel
section across a wide range of lateral bracing dis-
tances length (L), and with a value of F), =275 MPa.
The graphs are shown in figures 5 and 6.
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Figure S. ®M, vs Ly for W12x30 according to SP
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Figure 6. ®M, vs L, for W12x30 according to SP

A combined graph for 60W2 and W12x30 of rolled
I-shaped beam sections were considered to compare
lateral torsional buckling capacity curve of member
according to three specifications: America Institute of
Steel Construction, Eurocode and Russian Code.
A curve of the nominal flexural strength of the steel
beam sections together shows the comparison of ca-
pacity of a single steel section across a wide range of
lateral bracing distances (L;), shapes of the moment
with C, = 1 and with value of F, = 275 MPa.
The graphs are shown in figures 7 and 8.
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Figure 7. ®M, vs L for 601112 according to AISC, EC and SP
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Figure 8. ®M,, vs L for W12x30 according to AISC, EC and SP

As per the result, it has been observed that, there
are variations in the values of the strength obtained
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by three different codes because of the variations in the
values of the constants considered by the each code.
AISC gives higher capacity in inelastic region but Euro-
code 3 gives higher capacities in elastic region. All spec-
ification have different approaches for laterally unsup-
ported flexural members, AISC has three regimes of
buckling depending on the unbraced length of the mem-
ber (L»). However, EC and SP utilize a reduction factor
(yz7) approach to treat lateral torsional buckling problem.

Conclusions

The results of the study showed that, for laterally
supported flexural members with compact webs, the
fundamental difference between all specifications is the
treatment of flange buckling. According to all specifica-
tions, the member can reach to its plastic moment ca-
pacity if the flanges are compact. Treatment of non-
compact flanges is similar to the treatment on non-
compact webs in all specifications. According to the
AISC specification, the nominal moment capacity re-
duces linearly with an increase in the flange slenderness
and varies between the plastic moment capacity (M,) and
the yield moment considering residual stresses (0.7M,).
On the other hand, the nominal moment capacity is equal
to the yield moment for Class 3 sections according to the
Eurocode 3 and class 1 for SP specifications. In the case
of SP, the nominal moment capacity is suddenly drops
from plastic moment capacity for non-compact section
and as a result, it is limited to a small lateral bracing
length. For slender flange members the AISC specifica-
tion utilizes the elastic critical buckling moment ap-
proach. In EC and SP, the post buckling reserve strength
approach is utilized and effective cross-section properties
are utilized for this purpose. In general, AISC gives
higher capacity in inelastic region (non-compact sec-
tions). However, Eurocode 3 gives higher capacities in
elastic region (slender sections) according to the sample
used sections in the paper.

For laterally unsupported flexural members, all
specification have different approaches. AISC speci-
fication identifies three regimes of buckling depen-
ding on the unbraced length of the member (L).
However, EC and SP used a reduction factor approach
to treat lateral torsional buckling problem. In gene-
ral, flexural capacities according to AISC are higher
than those of EC and SP for non-compact sections.
Particularly SP approach is lower for flexural capaci-
ty and it will be uneconomical approach comparing
with the other two approaches.

The design according to a standard makes the ana-
lysis process easier and saves time of an engineer. Also,
the expertise process becomes clearer. However after
the comparison of all standards it can be concluded
that design according to the Russian norms is more
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time consuming and requires competence and great
knowledge in the engineering field. In AISC and EC,
the analysis process is more precise and it has its own
logic and algorithm. It will be easier for a young spe-
cialist to use the AISC and EC standards instead of
the SP. Besides that, nowadays the Russian standards
are more understandable and readable for foreign en-
gineers because of standard harmonization, which is
focused on updating the Russian norms and it encou-
rages specialists to keep abreast of new technologies.
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HAYYHAS CTATBA

CpaBHeHHe pacyeTHBIX KPUBBIX 0AJIKHU ¢ 00KOBBIM KPYTHJIbHBIM U3rH00M
¢ ucnouan3doBanuem AISC, EC u CII

B.B. I'anumnunkoBa®, T.X. I'edpe

Poccuiickuii yHUBepcUTET IpyKOBI HAPOAOB
Poccuiickas ®edepayus, 117198, Mocksa, yr. Muxnyxo-Maxnas, 6

*galishni@gmail.com

(nocmynuna 6 pedaxyuro: 02 nexadps 2018 r.; dopadomana: 30 nexabps 2018 r.; npunama k nyonuxayuu: 22 ssaaps 2019 r.)

Henp uccnenoBanus. Pacyer Ha yCTOMYMBOCTD SIBIIIETCSI HEOTHEMIIEMOM YacThl0 MPOEKTHPOBAHUS CTAJIBHBIX KOH-
cTpykuuii. OH OYEeHb BaXKEH /IS OIPEIEJICHNS] ONITUMAIBHOTO MOMIEPEYHOT0 CEYEeHNs! CTanbHbIX Oanok. [lomepednoe 60ko-
BOE BBIITYYHMBAHUE OOBIYHO NMPOHCXOAUT y OallOK, KOTOpBIE MOJBEP>KEHbI BEPTUKAIBHON HArpy3Kke U TEPsIIOT YCTOWIMBOCTh
U3 TIOCKOCTH NPWIJIOKEHUS] HATPYy30K. DTO SBISIETCS OCHOBHBIM (haKTOPOM IIPH MPOEKTUPOBAHUH CTAIBHBIX KOHCTPYKLUHA 1
MOXET IIPUBECTH K CHU)KEHHIO HeCyllel CriocOOHOCTH.

MeTtoasl. CymecTByIOT pa3IniHbIe METObI pacyeTa CTaJbHOM OAJIKM Ha MorepedyHoe OOKOBOE BhITy4rBaHue. Bee Hop-
MBI pacdeTa Mo-pa3HOMY ITOIXOST K HCCIEJOBAaHHUIO MONEPEIHOE-00KOBOTO BHITYyUIHBaHM, B JaHHOH CTaThe BHUMAHHE CKOH-
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LEHTPUPOBAHO HA TpeX W3 HUX. [IepBBIif METOX MPEAyIoKEeH AMEPHUKAHCKAM HHCTHTYTOM CTaJbHBIX KOHCTpyKuuil (AISC),
BTopoii onucan B EBpokone (EC), Tpetuii npuBoauTest B poccuiickux crpoutenbHbiX npasmwiax (CIT). Ocoboe BHUMaHue yie-
JICHO MCTOAaM IMOCTPOCHHUA KPUBLIX I TONEPEYHOI'O OOKOBOI'O BbIITYYUBaHUA U OTIPCACIICHUS X XapaKTCPUCTUK.

PesyabTaTsl. Hopmel, pazpaboTanHble AMEpUKaHCKUM HHCTUTYTOM CTaJIbHBIX KOHCTPYKIHMH, PEKOMEHIYIOT paccMar-
pUBaTh TPU pEXHMMa MOTEPH YCTOHYMBOCTH, 3aBHUCAIINE OT JIUHBEI 31eMeHTOB (Lp). Ograko EC u CII maroT ymMeHblIeHHE
Yo7 ¥ TIPEAOXPAHSIIOT KOHCTPYKIIUIO OT MONEPEYHOro OOKOBOTO BBIITY4HBaHMA. B OCHOBHOM M3rnOHAas KECTKOCTh VISl TIOTIe-
PEYHBIX ceueHH ¢ BEICOKMMHE cTeHkamu coriacHo AISC Bermre, uem B EC u CIT.
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