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INTRODUCTION

Beams

‘Beams are the most common members found in a typical steel

structure. Beams are primarily loaded in bending about a primary

axis of the member.

Beams with axial loads are called beam-columns, and these will be

covered in Section 7.’
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INTRODUCTION

Beams

‘Common types of beam are classified by the function that they

serve:

- A girder is a member that is generally larger in section and

supports other beams or framing members.

- A joist is typically a lighter section than a beam—such as an

open-web steel joist.

- A stringer is a diagonal member that is the main support beam for

a stair.

- A lintel (or loose lintel) is usually a smaller section that frames

over a wall opening.

- A girt is a horizontal member that supports exterior cladding or

siding for lateral wind loads.
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INTRODUCTION

Beams exist in structures in several types of members.

Girders: Usually the most important

beams at a wide spacing.

Joists: Less important beams that are 

closely spaced. Maybe W-shapes or 

often bar joists.

Girt: Horizontal wall beam. Metal 

siding is often connected to the girts.

Purlin: Roof beams spanning between 

trusses.
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INTRODUCTION

Beams exist in structures in several types of members.
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INTRODUCTION

Flexural Behavior of a Rectangular Cross Section
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INTRODUCTION

Summary of Shear, Moment and Deflection Formulas
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INTRODUCTION

Summary of Shear, Moment and Deflection Formulas
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INTRODUCTION

Summary of Shear, Moment and Deflection Formulas
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CLASSIFICATION OF BEAMS

Beams

All flexural members are classified as either:

- Compact,

- Noncompact, or

- Slender,

depending on the width-to-thickness ratios of the individual

elements that form the beam section.

There are also two type of elements that are defined in the AISC

specification:

- Stiffened

- Unstiffened
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CLASSIFICATION OF BEAMS

Beams

Stiffened elements are supported along both edges parallel to the

load. An example of this is the web of an I-shaped beam because it

is connected to flanges on either end of the web.

An unstiffened element has only one unsupported edge parallel to

the load; an example of this is the outstanding flange of an I-shaped

beam that is connected to the web on one side and free on the other

end.

Table 6-2 gives the upper limits for the width-to-thickness ratios for

the individual elements of a beam section. These ratios provide the

basis for the beam section. When the width-to-thickness ratio is less

than λp, then the section is compact. When the ratio is greater than λp

but less than λr, then the shape is noncompact. When the ratio is

greater than λr, the section is classified as slender.
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CLASSIFICATION OF BEAMS
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CLASSIFICATION OF BEAMS

Local buckling leads to a reduction in the flexural strength of a

beam member and prevents the member from reaching its overall

flexural capacity, plastic moment, Mp.

Beams: Local Buckling
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CLASSIFICATION OF BEAMS

To avoid or prevent local buckling, the AISC and Turkish

specifications prescribes limits to the width-to-thickness ratios of the

plate components that make up the structural member. These limits

are given in section B4 of the AISCM and section 5.4. In Section B4

or 5.4 three possible local stability parameters are defined: compact,

noncompact, or slender.

Compact section: reaches its cross-sectional material strength, or

capacity, before local buckling occurs.

Noncompact section: only a portion of the cross-section reaches its

yield strength before local buckling occurs.

Slender section: the cross-section does not yield and the strength of

the member is governed by local buckling.

Beams: Local Buckling
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CLASSIFICATION OF BEAMS

There are two type of elements of a column section that are defined

in the YÖNETMELİK and AISC: stiffened and unstiffened.

Stiffened elements are supported along both edges parallel to the

applied axial load. An example of this is the web of an I-shaped

column where the flanges are connected on either end of the web.

An unstiffened element has only one unsupported edge parallel to

the axial load—for example, the outstanding flange of an I-shaped

column that is connected to the web on one edge and free along the

other edge.

Beams: Local Buckling
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CLASSIFICATION OF BEAMS

The limiting criteria for

compact, noncompact, and

slender elements as a function

of the width-to-thickness ratio

is shown in Yönetmelik Table

5-1B.

Beams: Local Buckling
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CLASSIFICATION OF BEAMS

Limiting Width-Thickness Ratios ForFlexural Elements
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CLASSIFICATION OF BEAMS

Limiting Width-Thickness Ratios ForFlexural Elements
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CLASSIFICATION OF BEAMS
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CLASSIFICATION OF BEAMS

Limiting Width-Thickness Ratios ForFlexural Elements
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CLASSIFICATION OF BEAMS

Beams

The classification of a beam is necessary since the design

strength of the beam is a function of its classification for flange

and web local buckling.
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CLASSIFICATION OF BEAMS
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CLASSIFICATION OF BEAMS
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INTRODUCTION

Design Checks for Beams

‘The basic design checks for beams includes checking:

- Bending (Flexure),

- Shear,

- Deflection.

The loading conditions and beam configuration will dictate which of

the preceding design parameters controls the size of the beam.’

Limit States For Flexure:

- Flange Local Buckling

- Web Local Buckling

- Lateral Torsional Buckling

- Yielding of Tension or Compression Flange
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DESIGN CHECK FOR BEAMS
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DESIGN CHECK FOR BEAMS

Flexural Behavior: Flange Local Buckling
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DESIGN CHECK FOR BEAMS

Photograph: Courtesy of Prof. Engelhardt

Flexural Behavior: Flange and Web Local Buckling
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DESIGN CHECK FOR BEAMS

Photograph: Courtesy of Prof. Engelhardt

Flexural Behavior: Flexural Torsional Buckling
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DESIGN CHECK FOR BEAMS

Photograph: Courtesy of Prof. Engelhardt

Flexural Behavior: Flexural Torsional Buckling
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DESIGN CHECK FOR BEAMS

Photograph: Courtesy of Prof. Engelhardt

Flexural Behavior: Flexural Torsional Buckling
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DESIGN CHECK FOR BEAMS
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DESIGN CHECK FOR BEAMS

Factors that affect buckling:

- Support conditions
- Initial imperfections
- Residual stresses
- Load height effects



40

DESIGN CHECK FOR BEAMS

Flexural Behavior: Flange and Web Local Buckling

Compact, Noncompact and Slender Sections: Table 5.1B

Mp = Plastic moment of the section = FyWplx

Mr = Limit for elastic behavior = 0.7FyWex (LRFD 1999: =Sx(Fy-FR))

Welx = Elastic section modulus with respect to the x-axis

FR = Residual stresses = 70 MPa (rolled sections); 110 MPa (Built up sections)
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DESIGN CHECK FOR BEAMS

Rolled I-Sections Built Up I-Sections
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Flexural Behavior: Flange and Web Local Buckling

Compact, Noncompact and Slender Sections: Flanges
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DESIGN CHECK FOR BEAMS

Doubly Symmetric I-Sections Singly Symmetric I-Sections
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Flexural Behavior: Flange and Web Local Buckling

Compact, Noncompact and Slender Sections: Webs
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DESIGN CHECK FOR BEAMS

Flange: Rolled I-Sections Web: Doubly Symmetric I-Sections
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Flexural Behavior: Flange and Web Local Buckling

Compact, Noncompact and Slender Sections: S235
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DESIGN CHECK FOR BEAMS
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Flange: Rolled I-Sections

Flexural Behavior: Flange and Web Local Buckling

Compact, Noncompact and Slender Sections: S355
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DESIGN CHECK FOR BEAMS

Compact
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Sufficient Lateral Support

Flexural Design: Flange and Web Local Buckling for Doubly

Symmetric I-Sections
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DESIGN CHECK FOR BEAMS

Look at the compact limit for webs: λp=3.76√(E/Fy)

Most slender HE-Section: HE 1000A, λ=57.6

Most Slender W-Section: W760×134, λ=57.6

Most slender IPE-Section: IPE 750×137, λ=59.6

MPaF
F

y

y

MPa

796
200000

76.36.59 =→=

For the sections mentioned above WLB is not a problem: Fy≤796 MPa

Most of these sections are also compact for FLB

Flexural Design: Flange and Web Local Buckling for Doubly

Symmetric I-Sections
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DESIGN CHECK FOR BEAMS



48

DESIGN CHECK FOR BEAMS
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DESIGN CHECK FOR BEAMS
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DESIGN CHECK FOR BEAMS

Drawing: Courtesy of Prof. Helwig
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DESIGN CHECK FOR BEAMS

Lateral–torsional buckling occurs when the distance between lateral
brace points is large enough that the beam fails by lateral, outward
movement in combination with a twisting action (Δ and θ,
respectively.

Beams with wider flanges are less susceptible to lateral–torsional
buckling because the wider flanges provide more resistance to lateral
displacement.

In general, adequate restraint against lateral–torsional buckling is
accomplished by the addition of a brace or similar restraint somewhere
between the centroid of the member and the compression flange.

For simple-span beams supporting normal gravity loads, the top flange
is the compression flange, but the bottom flange could be in
compression for continuous beams or beams in moment frames.

Flexural Design: Lateral Torsional Buckling (LTB)
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DESIGN CHECK FOR BEAMS

Flexural Design: Lateral Torsional Buckling (LTB)

(Abi Aghayere and Jason Vigil (2015))
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DESIGN CHECK FOR BEAMS

Flexural Design: Lateral Torsional Buckling (LTB)

(Abi Aghayere and Jason Vigil (2015))

Lateral–torsional buckling can be controlled in several ways, but it is
usually dependent on the actual construction details used. Beams with
a metal deck oriented perpendicular to the beam span are considered
fully braced, whereas the girder in the right figure is not considered
braced by the deck because the deck has very little stiffness to prevent

lateral displacement of the girder. This girder would be considered
braced by the intermediate framing members and would have an
unbraced length Lb.
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DESIGN CHECK FOR BEAMS

Flexural Design: Lateral Torsional Buckling (LTB)

(Abi Aghayere and Jason Vigil (2015))

When full lateral stability is provided for a beam, the nominal moment
strength is the plastic moment capacity of the beam (Mp = FyWx).

Once the unbraced length reaches a certain upper limit, lateral–
torsional buckling will occur and therefore the nominal bending
strength will likewise decrease. The failure mode for lateral–torsional
buckling can be either inelastic or elastic. The AISC specification
defines the unbraced length at which inelastic lateral–torsional
buckling occurs as:
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DESIGN CHECK FOR BEAMS

Flexural Design: Lateral Torsional Buckling (LTB)

Lp is also the maximum unbraced length at which the nominal bending
strength equals the plastic moment capacity. The unbraced length at
which elastic lateral–torsional buckling occurs is:



56

DESIGN CHECK FOR BEAMS
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DESIGN CHECK FOR BEAMS
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DESIGN CHECK FOR BEAMS

Laterl Torsional Buckling Moment (Elastic) for Doubly Symmetric
Sections

(For uniform mooment)
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Torsion

Warping

Torsion

Lb: unbraced length

E: elastic modulus (200000 MPa)

Iy: weak axis moment of inertia

J: torsional constant = (bt3)/3

G: shear modulus of elasticity of steel (77200 MPa)

Cw: warping constant = Iyd
2/4

d = distance between centroids of flanges

Flexural Design: Lateral Torsional Buckling (LTB)
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DESIGN CHECK FOR BEAMS

Warping

not prevented

Warping
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T T
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Flexural Design: Warping Behavior

Drawing: Courtesy of Prof. Helwig
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DESIGN CHECK FOR BEAMS
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DESIGN CHECK FOR BEAMS

321max

max

3435.2

5.12

MMMM

M
Cb

+++
= (9.1)

Eq.(9.1) is valid for all doubly symmetric sections and singly symmetric sections

under single curvature. For singly symmetric sections under reverse curvature, Cb

can be obtained by analysis. Conservatively, Cb=1.0 can be used.

Flexural Design: Cb, Moment Gradient Factor

Mmax = absolute value of maximum moment in the unbraced segment, (N-mm)

M1 = absolute value of moment at quarter point of the unbraced segment, (N-mm)

M2 = absolute value of moment at centerline of the unbraced segment, (N-mm)

M3 = absolute value of moment at three-quarter point of the unbraced segment,

(N-mm)
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DESIGN CHECK FOR BEAMS
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DESIGN CHECK FOR BEAMS
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DESIGN CHECK FOR BEAMS

Flexural Design: Cb, Moment Gradient Factor for SSS
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DESIGN CHECK FOR BEAMS

Flexural Design: Beam curve with Cb, Moment Gradient Factor
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DESIGN CHECK FOR BEAMS

The nominal flexural strength, Mn, shall be the lower value 
obtained according to the limit states of:

9.2.1 Yielding (plastic moment)

9.2.2 Lateral-torsional buckling. Akma Sınır Durumu

9.2 Doubly Symmetric Compact I-Shaped Members and

Channels Bent About Their Major Axis
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DESIGN CHECK FOR BEAMS

9.2.1 Yielding

pxypn WFMM ==

Mn = nominal flexural strength

Mp = plastic moment

Fy = specified minimum yield stress of the type of steel being
used, (MPa)

Wplx = plastic section modulus about the x-axis, (mm3)

9.2 Doubly Symmetric Compact I-Shaped Members and

Channels Bent About Their Major Axis
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DESIGN CHECK FOR BEAMS

9.2.2 Lateral Torsional Buckling Limit State

9.2 Doubly Symmetric Compact I-Shaped Members and

Channels Bent About Their Major Axis
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DESIGN CHECK FOR BEAMS
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DESIGN CHECK FOR BEAMS
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DESIGN CHECK FOR BEAMS

Mn : nominal flexural strength (N-mm)
Mp : plastic moment (N-mm)
Fy : specified minimum yield stress of the type of steel being used, (MPa)
Welx : elastic section modulus taken about the x-axis, (mm3)
E : elastic modulus (200000 MPa)
Cb : moment gradient factor defined by Eq.(9.1)
Lb : length between points that are either braced against lateral displacement of
the compression flange or braced against twist of the cross section, (mm)
Lp : limiting laterally unbraced length for the limit state of yielding, (mm)
Lr : limiting unbraced length for the limit state of inelastic lateral-torsional
buckling, (mm)
iy : radius of gyration with respect to the y-axis
its : effective Radius of gyration. J : torsional constant (mm4) Cw : Çarpılma
sabiti.
ho : distance between the flange centroids, (mm) (= d-tf ).

9.2.2 Lateral Torsional Buckling Limit State

9.2 Doubly Symmetric Compact I-Shaped Members and

Channels Bent About Their Major Axis
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DESIGN FOR FLEXURE
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DESIGN FOR FLEXURE

Example 9.3-1: AISC Design Examples V14.2 F3-A
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DESIGN FOR FLEXURE



122

SHEAR DESIGN



123

SHEAR DESIGN



124

SHEAR DESIGN



125

SHEAR DESIGN



126

SHEAR DESIGN
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BEAM DESIGN PROCEDURE
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BEAM DESIGN PROCEDURE

9.3 Kuvvetli Eksenleri Etrafında Eğilme Etkisindeki Kompakt 

Gövdeli ve Kompakt Olmayan veya Narin Başlıklı Çift Simetri 

Eksenli I-Enkesitli Elemanlar

Bu tür elemanlar için karakteristik eğilme momenti dayanımı, Mn, 
aşağıda verilen sınır durumları için hesaplanan değerlerin en 
küçüğü olarak alınacaktır. 

9.3.1 Yanal Burulmalı Burkulma Sınır Durumu

Karakteristik eğilme momenti dayanımı, Mn, Bölüm 9.2.2’ye göre
belirlenecektir.

9.3.2 Yerel Burkulma Sınır Durumu
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BEAM DESIGN PROCEDURE

Sınır Durumları:

9.3.1 Yanal Burulmalı Burkulma

9.3.2 Yerel Burkulma

15.2 Kullanılabilirlik
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Gerekli Dayanım:

GKT
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