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Abstract. The objective of this paper is to propose the graphical design method for doubly symmetric steel beam section under
flexural load compliant to the latest draft of the SP 16.13330.2017 standard. There are different design approaches for steel
structures, including manual calculation, computer programs and hybrid methods which are used in different design standards for
calculating allowable strength of flexural members. The graphical approach is commonly used in American Institute of Steel
Construction as an alternative method and aims in improving the design efficiency for elastic and inelastic flexural members.
The current method is intended to design flexural members according to the Russian design standards of the steel construction
(SP 16.13330.2017) for steel sections commonly used, and available in the Russian Federation. The results consist of graphical
demonstration of the relationships between the nominal flexural strength and the effective member length for various cross-
sectional sizes. Using this graphical method to design flexural members can help the designer to select the optimum steel sections,
furthermore it will be more helpful to the steel manufacturer to recommend more new Russian steel sections to narrow the gaps
between the consecutive section dimensions. With the increasing demands of slender members, the graphical approach is a quick
method of design for engineers and researchers to select an optimum steel beam section. In addition, this paper provides a practical
example which confirms the efficiency and simplicity of designing a flexural member using this method.

Keywords: Flexural member, lateral torsional buckling, steel design, lightest section, Russian steel sections, graphical method

Author’s contribution: Galishnikova V.V. — Conceptualization, data curation, methodology, formal analysis, investigation,
supervision, project administration, writing — original draft, writing — review & editing, visualization, and validation; Gebre T H. —
Conceptualization, methodology, data curation, investigation, software, writing — original draft, writing — review & editing,
formal analysis, visualization, and validation.

Conlflicts of interest. The authors declare that there is no conflict of interest.

Statement on the use of artificial intelligence technologies. No generative artificial intelligence technologies were used in the
creation of this article.

Data availability. All data obtained during this study are included in the article being published.

For citation: Galishnikova VV, Gebre TH. The graphical method of design for flexural member using the SP 16.13330.2017
standard. Structural Mechanics of Engineering Constructions and Buildings. 2026;22(4):431-441. http://doi.org/10.22363/1815-
5235-2026-22-4-431-441 EDN: LWBQCE

Vera V. Galishnikova, Doctor of Technical Sciences, Professor of the department of Architecture and Restoration, Academy of Engineering, RUDN
University, 6 Miklukho-Maklaya St, Moscow, 117198, Russian Federation; eLIBRARY SPIN-code: 2765-7069, ORCID: 0000-0003-2493-7255; e-mail:
galishni@yandex.ru

Tesfaldet H. Gebre, Candidate of Technical Sciences, Associate Professor of the Department of Architecture and Restoration, Academy of Engineering,
RUDN University, 6 Miklukho-Maklaya St, Moscow, 117198, Russian Federation; Associate Professor of the Department of Structural and Theoretical
Mechanics, Moscow State University of Civil Engineering (National Research University), 26 Yaroslavskoye Shosse, Moscow, 129337, Russian
Federation;eLIBRARYSPIN-code: 9753-3906, ORCID: 0000-0002-7168-5786; e-mail: tesfaldethg@gmail.com

© Galishnikova V.V., Gebre T.H., 2026

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License
A https://creativecommons.org/licenses/by-nc/4.0/legalcode

OKCMEPUMEHTANEHGIE MCCIENOBAHNA 431


https://orcid.org/0000-0003-2493-7255
https://orcid.org/0000-0003-2493-7255
https://orcid.org/0000-0002-7168-5786
https://orcid.org/0000-0002-7168-5786

Galishnikova V.V., Gebre T.H. Structural Mechanics of Engineering Constructions and Buildings. 2026;22(4):431-441

I'padpuyecknii MeToa NPOEKTUPOBAHMSA U3rH0aeMbIX JJIEMEHTOB
¢ ucnoJsb3oBanueM crangapra CII 16.13330.2017

B.B. lNummmuukosa'”, T.X. I'egpe'?™

"Poccuiickuii yauepeuter apyx0bl Haponos, Mockea, Poccutickas @edepayus

2HauuoHanbHbIi HCCIeN0BATENbCKHE MOCKOBCKHI rOCYIapCTBEHHBIN CTPOMTENbHBINA yHuBEpCUTeT, Mocksa, Poccutickas edepayus
< tesfaldethg@gmail.com

INoctynuia B pepakuuto: 17 anpens 2026 r.

Jlopaborana: 1 utonst 2026 r.
[punsra k nyonukanuu: 11 uons 2026 r.

AnHoTanus. Llens uccnenoBanus — MPeUIOKUTh METO IpaduuecKoro NpOeKTUPOBAHUS IBYCUMMETPUYHOTIO CEUCHUS CTAIbHON
Oanku nipu u3rube B coorBeTcTBUU ¢ nocieaauM npoekroM CIT 16.13330.2017. CyuiecTBYIOT pa3iHuHbIC TOAXOAbI K MPOSKTHPO-
BaHUIO CTAJIbHBIX KOHCTPYKIHUH, BKJIIOUask PyYHOH pacdeT, KOMIBIOTEPHBIE IPOrpaMMbl U THOPUIHBIE METO/bI, KOTOPbIE UCIIOIb-
3yIOTCSl B Pa3HBIX HOpMax IPOEKTUPOBAHUS U pacdyera JOIYCTHMOW MPOYHOCTH dlieMeHTa Ha u3rub. I'paduueckuil moxxoxn
HIAPOKO UCIIONB3yeTCs B AMEPHKAHCKOM MHCTUTYTE CTaJlbHBIX KOHCTPYKIMH B KaueCTBE aJbT€PHATHBHOIO METOJA U HallpaBlieH
Ha MOBBIIIEHNE 2 PEKTHBHOCTH MPOSKTUPOBAHMS YIIPYTHX M HEYIPYTUX U3rHOaeMbIX dJIeMeHToB. Hactosmuit MeTon npenHasHa-
YeH I MPOSKTUPOBAHMS M3THOAEMBIX 3JIEMEHTOB B COOTBETCTBUHM C POCCHHCKMMH HOPMaMH NPOEKTUPOBAHMS CTAJBbHBIX KOH-
crpykuuit (CII 16.13330.2017) mis cranbHbIX Ipoduiell, IUPOKO UCIOAb3YEMBIX U JOCTYHHBIX B Poccuiickoil denepaunu.
Pesynbrarel paboTHI IPENCTABIAIOT cOOOH IpaduvecKyio IEMOHCTPAIUIO COOTHOIICHHS MEXAy HOMHUHAJIBHOW NMPOYHOCTHIO HA
u3ru6 1 3GpPeKTUBHON NIIMHON 31IeMeHTa JJIs Pa3IMuHbIX Pa3MEpOB MONEPEUHOro ceueHus. MICnonbp30BaHue 3Toro rpauyeckoro
MeTofa Ul NPOEKTHPOBAHUS W3TMOAEMbIX IEMEHTOB MOXKET IIOMOYb NPOSKTUPOBIIMKY B AalbHEHIIEM MOA0Ope ONTUMAIBHBIX
CTalbHBIX NPOGdUICH, a NPOU3BOIUTENIO CTalU OyAeT IOJIe3eH AT PEKOMEHJIAluu OOJBIIETO KOIUYECTBA HOBBIX POCCHHCKHX
CTaJBbHBIX MTPOQUIEH U1 yMEHBIIEHHS 3a30POB MEXy MOCIeA0BaTeNbHBIMH pa3MepaMu poduist. B cBsa3u ¢ pacTymmmu Tpe6o-
BaHUAMM K THOKUM 3JIeMEHTaM rpauuecKuil moaxos ABILETCS ObICTPHIM METOAOM IPOEKTUPOBAHUS, IIO3BOJIAIOIUM HHXXEHEPAM
U MCCIIeOBaTeNsIM BBIOpAaTh ONTHMAIBFHOE CEUCHHE CTaubHOM Oanku. Kpome Toro, B JaHHOM cTaThbe MPUBOAMTCS MPAKTUYECKUIT
IpuMep, NOATBEPKAAOMINN 3PEKTUBHOCTD U IPOCTOTY IPOEKTUPOBAHUS THOKUX SIEMEHTOB.

KitoueBble c1oBa: U3rudaeMslil 57IEMEHT, IPOJOJIBHBIN U3rH0O C KpydeHHEM, IPOEKTUPOBAHUE CTANBHBIX KOHCTPYKIUM, HAUMEHb-
11e€ CEUEHUE, POCCUIMCKUE CTaIbHble podunu, rpapuueckuil MeTon

Bruax aBTopoB. [ anuwnukosa B.B. — pa3paboTka KOHLEMINH, KypUPOBaHUE JTAHHBIX, METOIOJIOTHS, (YOPMAaIbHBII aHANIN3, PO-
BEJICHNE HCCIEAOBAHMs, HAaydHOE PYKOBOJACTBO, aIMHUHHCTPATHBHOE PYKOBOJACTBO HCCIEAOBATEIBCKUM HPOEKTOM, HAIHCAHUE
YEPHOBHKA PYKOIIMCHU, HAIMCAHUC PYKONUCHU — PCUCH3UPOBAHUC U PCAAKTHPOBAHUEC, BU3yalln3allid U BaJUAallus pE3yJIbTaTOB;
TI'ebpe T.X. — pa3paboTka KOHIENIINH, METOAOJIOTUS, KypHPOBaHUE TaHHBIX, IPOBEACHHE HCCIEJOBaHUS, IpOorpaMMHoOe obecrre-
YeHHe, HallUCaHHe YEPHOBMKA PYKOIHCH, HAMMCAHHE PYKONUCH — PELEH3UPOBAaHHE U PEAAKTUPOBaHUE, (GOPMaNIbHBIN aHaIu3,
BU3yaJIU3alsl U BaIMAALMS PE3yJIBTaTOB.

3asBiieHHe 0 KOHQUIMKTe HHTEepPecoB. ABTOPBI 3asIBISIOT 00 OTCYTCTBUU KOH(IMKTA UHTEPECOB.

3asiBjieHHe 00 MCIOJIb30BAHUU TEXHOJIOTHH HCKYCCTBEHHOI'0 MHTE/JIEKTA. HpPI CO3JIaHWW HACTOSIICH CTaThH TEXHOJIOTHH
TCHEPATUBHOTO UCKYCCTBECHHOI'O MHTEJIJICKTA HE UCIIOJIb30BaINCh.

3asiBJjieHue 0 AOCTYITHOCTH JaHHBIX. Bce JAHHBIC, ITOJTYYCHHBIC B XO€ 3TOT0 MCCIICAOBAaHNs, BKIIFOYCHBI B ny6nHKyeMy}o CTaThIO.

Joas nurupoBanus: Galishnikova V.V., Gebre T.H. The graphical method of design for flexural members using the SP
16.13330.2017 standard // CtpouTenbHas MeXaHHKa MHXECHEPHBIX KOHCTPYKIMH U coopyxenuit. 2026. T. 22. Ne 4. C. 431-441.
http://doi.org/10.22363/1815-5235-2026-22-4-431-441 EDN: LWBQCE

1. Introduction

Due to the use of various steel sections that provide greater architectural flexibility than conventional
reinforced concrete structures, steel or composite structures have grown in popularity worldwide. Architects
and design engineers are increasingly shifting their attention to steel structures considering that they are
much more quickly to construct than reinforced concrete constructions. Using high grade steel structural

Tanuwnukosa Bepa Bnadumuposna, TOKTOp TEXHUYECKHX HayK, mpodeccop Kadeapbl apXUTEKTYPhl U PeCTaBpaliUy, HEKEHepHas akaaemus, Poccuiickuit
YHUBEPCHTET JIpYXObl HaponoB, Poccuiickas ®eneparus, 117198, . Mocksa, yn. Mukiryxo-Makias, 1. 6; eLIBRARY SPIN-xox: 2765-7069, ORCID:
0000-0003-2493-7255; e-mail: galishni@yandex.ru

T'eope Tecpanoem Xaozembec, KaHOUIAT TEXHUUECKUX HAyK, JOLEHT KadeApbl apXUTEKTYphl U pecTaBpaluy, HHXCHEpHas akaaemus, Poccuiickuii yHu-
BepcHUTeT ApYyx)Obl Haponos, Poccuiickas @enepanms, 117198, . Mocksa, yin. Mukityxo-Makuasi, 1. 6; 01eHT Kadeapbl CTPOUTENBHON U TEOPETHYECKOM
MexaHukH, HarmoHaneHbIi ncciietoBaTelibckuii MOCKOBCKHIT TOCYIapCTBEHHBIN CTPOUTENBHBIN yHUBEpcUTeT, Poccuiickas @enepanyst, 129337, Mocksa,
Spocnasckoe mocce, a. 26; eLIBRARY SPIN-kox: 9753-3906, ORCID: 0000-0002-7168-5786; e-mail: tesfaldethg@gmail.com
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faster to construct than reinforced concrete ones. Using high grade steel structural elements has been
attracting interest in Russian construction projects because it yields a more slender structure and the stability
analysis dominates the design procedure [1]. Recommendations faster to construct than reinforced concrete
ones. Using high grade steel structural elements has been attracting interest in Russian construction projects
because it yields a more slender structure and the stability analysis dominates the design procedure [1].
Recommendations from different authors for the steel construction standards of the Russian Federation have
improved and updated the design standards for steel structures to align with international standards
including AISC and Eurocode [2—4]. The graphical approach, which aims to increase the design efficiency
for both elastic and inelastic flexural components, is only utilized as an alternative method in the American
Institute of Steel Construction standard [5—7]. The proposal of graphical design method using Russian steel
sections will provide efficient steel beam design tools for structural designers. Using those methods,
it becomes possible to identify the optimum section considering the moment and unbraced length of the
flexural member. The graphical method is commonly used by AISC (American Institute of Steel
Construction), it is not implemented in other national standards [1-5]. Lateral torsional buckling (LTB)
analysis approaches for hot rolled doubly symmetrical sections using different standards are diverse in the
consideration of the geometric imperfection, residual stress, and also in the consideration of the inelastic
and elastic LTB approaches [6; 7]. AISC used a design calculation method in which the LTB curve is
divided into three different parts: the yield (plastic) region, inelastic buckling and elastic buckling [8]. The
design calculation and construction procedures of different international standards might differ from
country to country and also may result in noticeable variations in the weight of steel considered. The AISC
standard is prepared with detailed and simplified approaches and is considered by researchers are
considered as a benchmark for comparison with other standards for traditional design aid [8—9]. Because of
the presumptions and algorithms employed in commercial software, there are still valid reasons to consider
design charts as a crucial practical tool even though the demand for traditional design, which depends on
tables and charts, has decreased slightly. In addition, the trial and error method is based on an approximate
moment and selecting trial shape, then finally checking the compliance of the section with the requirements
of the specification [10—13]. This will lead to the waste of raw materials and energy, as well as the failure to
account for effects on the environment [15]. Similarly, the Russian standard follows the same traditional
approach for designing flexural members [16]. To overcome this limitation chart-based approach is an
alternative and economical approach. The recommended graphical design approach for steel beams under
flexural load which adheres with the most recent draft of SP 16.13330.2017 can be used as a quick, error-
proof design tool for a variety of steel sections and as a validating tool. While it is a quick design aid, it can
be used for educational purposes because it can improve students’ engineering perspective and judgment
through visual representation. As part of the steel design procedure for flexural members, considering the
lateral torsional buckling analysis is a part of the limit state that must be checked for steel beams [17]. Hot-
rolled doubly symmetric I-beams are designed for lateral torsion buckling in various stages by taking into
account a wide range of scenarios like support conditions, web openings and corrugated webs [15; 18-21].
AISC, Eurocode 3, AS4100, and other common design standards were taken into consideration when
evaluating the research utilizing various design guidelines according to their geographic location. Based on
the Russian standard (SP) for flexural steel member design, the analysis is carried out using plastic moment
resistance, forming plastic hinges, and section element proportions to avoid local buckling [22; 23]. The
Russian standard does not use the elastic critical moment and the non-dimensional slenderness like in the
American Institute of Steel Construction (AISC) and Eurocode 3 (EC-03) for steel design, but it has a
coefficient that accounts for the plasticity and imperfection [24—29]. The lack of the elastic critical moment
for LTB capacity of wide flange sections and the modification factor leads the Russian standard to be
uneconomical and limited to a specific unbraced length. Generally, the advantages of the elastic design for
lateral torsional buckling are to consider in long span beams with a focus on the efficiency and optimization
of the member. The elastic critical moments for LTB capacity were studied in different stages which was
proposed by [30], and later on studied by different authors for the classical solution for the critical LTB in
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different loading types and modification factors [31-36]. Lateral torsional buckling (LTB) is of concern in
long-span flexural members, particularly in the negative bending moment regions of continuous-span, steel
I-shaped members and during construction. While the elastic critical LTB capacity of a simply supported
I-shaped member subjected to uniform moment has a closed-form solution, most LTB modification factors
for beams subjected to moment gradients in the literature are empirical and work well only for specific
loading and boundary conditions [37]. Through comparisons with analytical solutions using the Rayleigh —
Ritz method and numerical solutions from finite element analyses, the stability of the various LTB
modification factors in literature and design specifications for various loading and boundary conditions was
investigated. The analytical LTB modification factors are derived for doubly symmetric I-shaped members
with different combinations of ideal flexural and torsional boundary conditions (simply supported and
fixed) and subjected to different loading scenarios. The validity of the LTB modification factors determined
using the Rayleigh — Ritz method and other formulae in the literature are also assessed for realistic
intermediate restraint conditions, which are neither fully pinned nor fixed, by examining laterally
continuous beams. Demonstrating that current design specifications for elastic critical LTB modifications
are overly conservative for beams with complete or partial warping fixity, the authors recommend practical
and simple alternatives to design such beams. The Russian standard for steel structures has limitations in
calculating the stability of flexural members and different methods are recommended by different authors to
overcome the limitations [38].

The current paper deals with the proposal of a chart-based method of design for LTB for hot-rolled
symmetric [-beam steel using Russian standards. In the presented charts, the flexural member design approach
for LTB was considered. The analysis considered three different sections as plastic or yielding, inelastic
LTB and elastic LTB based on the unbraced length of the beam. The proposed graph-based design for Russian
standard steel sections makes it simple to determine the optimum steel section while taking the available
moment and unbraced length of the beam section into account. The graphs are formulated in such a way
that the solid lines of the graphs indicate the optimum section for the definite unbraced length with available
moment, being stronger than the steel section denoted with a dashed line [3; 39]. The most common
graphical method is prepared for AISC steel sections with imperial units which are not commonly available
in the Russian steel markets [39]. The current proposal for the design curve method will facilitate the selection
of lightweight steel sections, thereby reducing construction costs. Additionally, it may serve as an opportunity
for steel manufacturers to propose new steel section sizes based on the gaps among existing sizes.

2. Methods

In this study, the static schematic adapted is a cantilever beam with doubly symmetric I-section which
is restrained against warping and rotation at the support in its bending plane as shown in Figure 1.

Figure 1. Static schematic of a beam:
a — without loss of stability; b — with buckling of a beam
S ource: made by T.H. Gebre.
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The graphical method of design for flexural members using the SP 16.13330.2017 standard requires
moment capacity graphs from a wide range of steel sections available on the Russian steel markets. This
method is used in AISC manual with a variety of graphs, but for the USA steel sections only, therefore it is
inapplicable to the Russian steel sections. Developing the graphical method of steel design using the
Russian manual and steel sections is performed for an alternative option for designers and researchers. The
current study used the Russian code and steel sections to develop the graphical method of design for
flexural members [40]. As this approach is a common method in AISC and it is known by design engineers,
therefore, it can be assumed that any further actions will not lead to a violation of the integrity of the
document’s philosophy. For the plastic design under the action of the moment in one of the principal planes
for Class 1 members, if the member is loaded with moment in the major principal plane only, the ratio is
given by [40]:

_ M. D

W R, Y.
where M _ is the factored moment about the major principal axis, x, W__is the section modulus of cross
section about the principal axis, x, computed for the compression flange, _ is the minimum section

modulus of cross section about the principal axis, x, R, is the design yield strength, v, is the service factor

for structural members and connections, and @b is the stability factor in bending.

The design buckling moment resistance (nominal moment capacity) for lateral torsional buckling
should be computed by eq. (2) for elastic and inelastic designs with limited bracing lengths and loaded
exclusively on the major plane:

Mx = ch Wm,minRy Yc’ (2)

where W

xn,min
yield strength for tension, compression, and bending, cx is the coefficient for the calculation of structural
elements taking into account the development of plastic deformations for Class 2 and Class 3 sections, B is

is the minimum section modulus of cross section about the principal axis, x, R, is the design

the coefficient that takes into account the effect of average shear stress on the moment capacity.

3. Results and Discussion

Flexural members are dominated by bending deformation when subjected to different types of
loadings. The available steel sections for flexural members on the Russian market are considered in the
current study. Based on the Russian steel manufacturing companies, the most common beam section are
designated as b and III section types [40]. The b section are doubly symmetric section beams with small
flange width to height ratio and III section is a wide flange section with high performance in stability and it
has better performance in bending and compression compared to the b sections [16]. In the current study we
tried to consider the I1I beam section as a case study. The analysis of the nominal bending moment and the
development of the design charts for the current study are considered based on the Russian standard
(SP 294.1325800.2017) [10]. When we consider the buckling curves for SP 294.1325800.2017, it does not
classify sections, but the noticeable part is for the compact section as we considered a limit of the unbraced
length for each section. The nominal bending moments are considered for the moderate and slender beams
as it gives as a high buckling resistance. The nominal bending moments decrease to a relatively small
magnitude and remain constant when we consider a slender beam section. The graphical method of design
for flexural members using the SP 16.13330.2017 standard is considered based on Mx vs L graphs for each
section type and a combined chart is developed. The combined graphical formation of M. vs L chart for
26112 & 2311 sections is shown in Figure 2. The graphical method to select the lightest steel section
between 261112 & 231111 steel sections is given in Figure 2. The combined moment capacity vs lateral
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unbraced length graph reflects that 261112 is heavier than 231111 section which turns into the dashed line
after an intersection between the two graphs. We can consider different options in selecting the lightest
section from 261112 & 231111 by referring to Figure 2 and I-option, both 261112 & 231111 can be selected, but
relatively the 231111 is the lightest one. II-option, as it is above the two curves and the moment capacity
of the two sections is small so there is no sufficient section. For III-option, similarly, as it is outside the two
curves, in the current graph both 261112 & 23III1 are not applicable. Special case can be considered as
VlI-option as shown in Figure 2, 231111 is the optimal section which is considered as lightest and strong steel
section.

M, Vs L, Chart for 261112 & 23111

II-option

140.0

120.0

100.0 I-option Y

80.0 VI-option ~‘\‘

Mx(kN-m)

40,0

-
-
-,
—~————

-
——
——
===

20.0

0.00 1.00 100 3.00
Ly (m)

Figure 2. The graphical representation of (Mx) vs L, Charts for 261112 & 231111 sections
S ource: made by T.H. Gebre.

By considering the Russian steel sections, the graphical method may be applied in the actual practical
design process. First, we must determine the unbraced length and total bending moment of the beam
member. For example, let us consider the unbraced length of 2.5 m and the required moment of 300kN-m.
Referring to Figure 3, the horizontal and vertical lines corresponding the required moments and unbraced
length respectively have to be formed and intersect at a specific point. The intersection point is considered
as a bench mark for the selection of the lightest section and 40I1I1 section is the lightest and adequate
section. By projecting the horizontal line backward, the moment capacity is 302 kN-m and it is greater than
the required moment which is 300 kN-m as shown in Figure 3.

The graphical method moment (Mx) vs unbraced length (L) design curves for moments ranging from
0 to 800 kN-m are shown in Figure 3.

The chart for the flexural member is a plot of moment vs unbraced length and the graph is considered
as a strength curve for each specific beam section. The two axes for each graph characterize available
moment and unbraced length respectively. Referring to Figure 3 for each steel section designated as per the
SP standard, the solid lines represent the lightest and most economic section whereas the dashed lines
represent the weaker sections to be considered at first. The continuity or termination of the lines within the
graphs indicate the slenderness behavior of the beam section and when the beam is inadequate to resist the
load. Generally, the graphs for lateral torsional buckling based on the AISC are classified in to three
different types: plastic, inelastic and elastic stages. Plastic moment indicates that the beam is fully braced
and reaches its plastic moment capacity before buckling. The moment capacity starts to drop with yielding
behavior and it is considered as inelastic lateral torsional buckling. The third stage is elastic lateral torsional
buckling as the beam drops below the yielding point and it is considered as a slender member. In the current

436 EXPERIMENTAL RESEARCH



lanuwHukosa B.B., [ebpe T.X. CTpouTenbHas MexaHka UHXEHEPHBIX KOHCTPYKLMIA 1 coopyxeruit. 2026. T. 22. Ne 4. C. 431-441

study, the chart based flexural member design is prepared based on the Russian standard. This method will
overcome the limitation of the traditional method of design of flexural members which follows the
tubulated data and iterative methods for selecting the lighter section. common wide flange sections are
considered and the graphs are compiled together as shown in Figures 3, 4 and 5. The graphical method
moment (Mx) vs unbraced length (Ls) design curves for moments ranging from 800 to 2500 kN-m are

shown in Figure 4.

R, =345 MPa
I Sections
SP 16.13330.2017 No. 1 Moment (M. vs Unbraced Length (Ls)
800
750 401112
700 Heavy and uneconomical
650
011
600
550 — Lightest and
’é‘ 500 3sm3 35112 adequate capacity
E 450
S g0 35101 Lightest but
30III1 inadequate capacity
350
300
50 261111
200
150
100
2011
50
0
0.0 0.3 0.5 0.8 1.0 1.3 L5 18 2.0 2.3 2.5 2.8 3.0
Ly(m)
Figure 3. The graphical method moment M, vs unbraced length L» design curves
for moments from 0 to 800 kN-m
S ource: made by T.H. Gebre.
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for moments ranging from 800 to 2500 kN-m
S ource: made by T.H. Gebre.
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Similarly, the moment capacity for the ranges between 1500 to 3900 kN-m can be computed for
different values of unbraced length using the graphs shown in Figure 5.

The above results are considered for charts of plastic moments and inelastic lateral torsional buckling as
the Russian standard is recommended for limited unbraced length. The Russian standard (SP 16.13330.2017)
provides buckling factors and limited optimum unbraced length of every beam section based on the section
properties. In order to consider the stability of the flange or local buckling, the characteristic nominal
slenderness is less than the ultimate slenderness value which can be calculated from ultimate nominal
slenderness [10; 14]. The overall stability of the beam is checked and considered to be ensured if a solid
rigid flooring is supported on the upper belt and securely fixed to it. According to SP 16.13330.2017
[10; 15] the nominal slenderness and stable unbraced length for the lateral — torsional buckling strength
and for doubly symmetric [ — section may be calculated by Eqns. (3)—(9).

R,=345 MPa
III Sections
SP 16.13330.2017
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Figure 5. Design Curve of Graphical Method Moment M, vs Unbraced Length Ls
S ource: made by T.H. Gebre.

f . b/ b/ b/
¢ <[0,35+0,0032-L+| 0,76-0,02 L | |4 | £ 3)
bf t t h y Ry

where /. is the effective length, b, and ¢, are the width and thickness of the compression flange; %, is

distance (height) between the axes of the flanges. If the limit slenderness, which is flange stability, is b// <
15, the value of b// = 15 needs to be taken. If the stability condition is not met, then it is necessary to check
the overall stability, taking into account the coefficient of reduction of the design resistance (¢») according
to the formula:

c=——=<R vy.. 4
W Ve 4)

To determine ¢@», @1 needs to be found using the following equation:

I E

h
_yxtE 5
Qwh%& (5)
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The v coefficient is taken according to Table 73 of the SP 16.13330.2017 standard and depending on

the parameter shown below:

[t 3
a=8(if‘—f][l+a—lw3J , (6)
h, b, b, t;

where a = 0.5k @ 18 determined from Table 74 of SP 16.13330.2017, and when checking the local stability

of the wall, the following conditions must be met:

_ R
xwztﬁ,/?ysz.s, %)

in the presence of local stresses, and

— (R
xwztﬁ Eys&s, ()

in the absence of local stresses. If these conditions are not met, the beam web must be strengthened with
transverse stiffeners, the maximum distance between which should not fall outside

a. <2h, —>Ai>25 a. <2h —Ai>32, (9)

m

if the we tried to consider for the elastic design (slender member) based on the Russian standards, which is
more conservative in comparing with AISC-LRFD [39] and Eurocode 3 [28; 29], then its flexural capacity
is considered minimum. Therefore, the chart method for larger unbraced length is considered to account for
the elastic design or for slender steel beam sections. The graphical design method for optimal flexural
member using the SP 16.13330.2017 standard with the Russian version of steel sections has been presented.
These visual representations can be easily implemented for the designs of steel beams at the technical office
because they generate the same optimal sections as the standard computer programs. Additionally, other
nations that employ Russian steel with doubly symmetric sections various for support conditions and thin
members can use the graphical method used in this work as a design guide.

4. Conclusion

The paper presented the graphical scheme of design using the Russian design procedure and steel
sections as an alternative to the existing technique. Doubly symmetrical wide flange sections identified as
III sections were considered and the graphical results are presented. The graphical method of design can be
used by engineers as an alternative and quick method of design for flexural members based on the moment
capacity and unbraced length as an input data. For manual or computer design procedure, the design curves
for the method are considered as a validation tool and it increasing the accuracy of the design procedure for
steel members. From the current study of graphical method of design, three different sections as plastic or
yielding, inelastic LTB and elastic LTB based on the unbraced length of the beam, were considered. The
proposed graph-based design for Russian standard steel sections makes it simple to determine the optimum
steel section while taking the available moment and unbraced length of the beam section into account. The
graphs are formulated in such a way that the solid lines of the graphs indicate the optimum section some
definite unbraced length with available moment, being stronger than the steel section denoted with a dashed
line. The current proposal for the design curve method will facilitate the selection of lightweight steel
sections, thereby reducing construction costs. Additionally, it may serve as an opportunity for steel
manufacturers to propose new steel section sizes based on the gaps among existing sizes.
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