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Beams

Horizontal member seen in a structure spanning
between columns.

- Support loads which areresisted by bending and shear
- Supports floors, roof sheeting as purlins, side cladding.
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Floor beams major beam supporting the secondary
beams or joists

Girder- floor beam in buildings

Lintel T beam used to carry wall load over openings, i.e doors, windows
etc

Purlin - roof beam supported by roof trusses

Rafter- roof beam supported by purlins

Spandrel beam-beam at outtermost wall of buildings, which carry part
of floor load and exterior walls

Stringer beam- longitudinal beam used in bridge floors and
supported by floor beams
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Purlins Rafters
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Typical Structure (1)

Spandrel
beam

2 Floor e Column

1! Floor

Spread footin
Wall footing e ® 8
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Stringer beam under stairs
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Stringer beam In bridge

@,

Siding cowvering the
Pony truss
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. Basedon how beam s supported
- Simply supported beams

. Cantilever beams

- Fixed beams

. Continuous beams
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Universal beams ( rolled sections): in this material is concentrated in
the flanges and very efficient in uni- axial bending

Compound beam: universal beam strengthened by flange plates. Resist
bending in vertical aswell as horizontal direction.

Composite beam:. universal beam with roof slab  which gives
continuous lateral support. The concrete floor provides the necessary

lateral support to the compression flange to prevent lateral buckling.
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Castellated beams: beams made by applying a special
technique to wide flange I-beam. This technique
consists of making a cut in the web of a wide flange
beam In a corrugated pattern. The cut parts are
separated and the lower and upper parts are shifted
and welded as shown in the next slide
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Light, strong and cheap
Easy to assemble at construction site

Openings simplify the work of installer and electrician,
since taking pipes cross the beams do not pose a problem

Constructon elements such as ceiling systems can be
Installed easily.

Improves aesthetics
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Bending strength of  a beam depends upon how well the
section performs in bending

Thin projecting flange of an | -beam is likely to buckle
prematurely

Web of an I-section can buckle under compressive stress
due to bending and shear

In order to prevent such local buckling it is necessary to
limit outstand thickness ratios of flanges and
depth/thickness ratios or web
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When the design is made using elastic analysisthe member
should be able to reach the yield stress under compression
without buckling.

When designis done by plastic analysis the member should
be able to form plastic hinges with sufficient rotation
capacity( i.e ductility) without local buckling, so as to
permit redistribution of bending moments needed before
reaching collapse mechanism
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The transition from elastic to plastic analysis

In elastic design method, the member capacity is based on the
attainment of yield stress.

Steel 6s uniqgue property of duct

Ductility enables the material to absorb large deformations
beyond the elastic limit without fracture, due to which steel
possesseseserve strength beyond its yield strength.

The method which utilizes this reserve strength is called Plastic
analysis.
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Plastic analysis makes the design more rational, since level of safety
IS related to collapse load of the structure and not to apparent
failure at one point.

Considerl-beam subjected to steadily 1 nc
figure
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When yield stress reaches the extremdibre as shown in figure
(b) the nominal moment strength Mn of the beam s referred to
asthe yield moment My and is given by Mn= My = Ze.fy

Where Ze is theelastic section modulus

Further increase InBM causes the yieldto spreadinwards from
the outter upper surfacesof the beamas shown in figure (C)



This stage of partial plasticity occurs because
of the yielding of the outer fibres without
increase of stresses as shown by the horizontal
line of the idealised stress strain diagram
shown in figure

Upon increasing the BM further, the whole
section yields as shown in figure d. When this
condition is reached every fibre has a strain
equal to or greater t
nominal moment strength Mn at this stage is
referred to as the plastic moment Mp and is
given by

Mp = fy UWydA = fy Zp
Where Zp = WydA is the plastic modulus.
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Any further increase in BM results only in rotation, since
no greater resisting moment than the fully plastic
moment can be developed until strain hardening occurs.

The maximum moment Mp is called the Plastic moment
of resistance, the portion of the member where Mp
occurs Is termed asplastic hinge.
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For equilibrium of normal forces, the tensile and
compressive forces should be equal. In elastic stage,
when bending varies from zero at neutral axis to a max at
the extreme fibres, this condition is achieved when the
neutral axis passes through the centroid of the section.

In fully plastic stage, because the stress is uniformly
equal to the yield stress, equilibrium is achieved when
the neutral axis divides the section into two equal areas.
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Based on above the beam sections are classified as
follows as per IS 800-2007

Class 1(Plastic): cross section which can develop plastic hinges and
have rotation capacity required for failure of the structure by formation
of plastic mechanism. The section having width to thickness ratio of
plate element less than that specified under class 1 as shown in table 2
(page 18).\is.800.2007 - code of practice for gener steel.pdf

Class 2 (compact section): cross section which can develop plastic
moment of resistance, but have inadequate plastic hinge rotation
capacity for formation of plastic mechanism, due to local buckling. The
section having width to thickness ratio of plate elements between those
specified for class 2 and class 1 shown in table 2.
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Class 3(Semi compact section):.cross section in which extreme
fibre in compression can reach yield stress but cannot develop
plastic moment of resistance, due to local buckling. The width to
thickness ratio of plate shall be less than that specified under
class 3,but greater than that specified under class 2 as shown in
the table 2is.800.2007 - code of practice for gener steel.pdf

Class 4 (slender): crosssection in which the elements buckle
locally even befor reaching yield stress. The width to thickness
ratio of plate shall be greater than that specified under class 3. IS
code 800 considers the design of members belonging to class 4
beyond its scope.
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Fallure modes of beams
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Design bending strength (bs) of beam, supported
against lateral torsional buckling( laterally supported
beam) is governed by the yield stress.

The factored design moment, M at any section, in a
beam due to external actions, shall satisfy the
relationship M<=Md where Md is the design
bending strength of the section.
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A beam may be assumed to be adequately supported at the supports
provided the compression flange has full lateral restraint and nominal
torsional restraint at support supplied by web cleats, partial depth of
plates etc.

Full lateral restraint to cmpression flange may be assumed to exist if
the frictional or other positive restraint of a floor connection to the
compression flange of the member is capable of resisting a lateral
force not less than 2.5 percent of the max force in the compression
flange of the member. This may be considered to be uniformly
distributed along the flange.
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Laterally supported beams of plastic,compact or
semicompact sections are classified into the
following cases;

Case I: Web of section susceptible to shear buckling
before yielding

Case 1i : Web of section not susceptible to shear
buckling before yielding
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Web of section susceptible to shear buckling before yielding

When the flanges are plastic, compact, semicompact but the web is
susceptible to shear buckling befo
yielding stress may be calc using one of the following methods:

1) the BM and axial force acting on the section may be assumed to be
resisted by flanges only and web is designed only to resist shear.

) the whole section resist the BM and axial force acting on the section
and therefore the web has to be designed for combined shear and its
share of normal stresses. This is done by using simple elastic theory in
case of semicompact webs and simple plastic theory in case of compact
ﬁand plastic webs.

Nk Srantidge Department of Civil Engineering,NSCET,Theni 37

Egmeering ETchny



Web of section not susceptible to
buckling under shear before
yielding (page 59)

ditw >= 67U

Beamsin this caseare stoky beams
where Uis given by ( seeright)

For these beams the factored SF V
does not exceed0.6Vd, where Vd
IS the design shear strength given

by
__Av.fy
e v 3.gmo

8.4.2 Resistance to Shear Buckling

8.4.2.1 Resistance to shear buckling shall be verified
as specified, when

% >67€ for a web without stiffeners, and

K
67¢, /-—— i i
> 335 for a web with stiffeners

where

K, = shearbuckling coefficient (see 8.4.2.2), and

e = 250/,

A, = shear area, and
Jow = yield strength of the web.
8.4.1.1 The shear arca may be calculated as given below:
I and chananel sections
Major Axis Bending:
Hot-Rolled — hau,

~ Welded — d i,
ﬁ mO = 1.1
’Eﬂ,m':' Department of Civil Engineering,NSCET, Theni
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» when factored design SF does not exceed 0.6 Vd, the design bending

strength Md shall be taken as

Md = b.zp. Iy < L4281 incase.of simply. sported beam
ym 0 ym 0
b. zp. fv l1.5ze. '

Md = Bbzp 1o = e- Jy for. cantilever. beam
Ym0 ¥m 0

Where b = 1.0 for plastic and compact section
(b = ze/zp for semi-compact sections

Ze,zp = plastic and elastic section moduli of the cross sections
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When factored SF V exceeds 0.6 Vd, the design strength Md will be
taken as Md = Mdv

Where Mdv = design bending strength under high shear
Asper IS code this is calculate as follows:-

Mdv=Md — B(Md — Mfd) <

(forplastiacndcompactsection)

1.2Ze. fy

i o

2
FEF_T

ra

Where B =

Md = plastic design moment of the whole section considering web

buckling effect

Mfd= pdm of the area of ¢/s excludign the shear area considering psf
given as
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Zfd. fy

NN
. 2
where— —Zfd = Zp— ————
4
Ze. fv . |
Mdv _ L for.semi— compact.section
N O

Ze = elastic section modulus of the whole section.
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Effect of holes in the tension zone(page 53)

8.2.1.4 Holes in the tension zone

;-3
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a)

The effect of holes in the tension flange, on
the design bending strength need not be
considered if

(A ZALD = D) Yt /¥ o) £ 0.9

where

Ane £ Aye = ratio of net to gross area of
the flange in tension,
S = ratio of yield and ultimate

stress of the material, and

Yov'¥mo = ratio of partial safety
factors against ultimate to
vield stress (see 5.4.1).

When the A /A does not satisfy the above
requirement, the reduced effective flange area,
A_satisfying the above equation may be taken
as the effective flange area in tension, instead
of A_.

b) The effect of holes in the tension region of

c)

the web on the design flexural strength need
not be considered, if the limit given in (a)
above is satisfied for the complete tension
zone of the cross-section, comprising the
tension flange and tension region of the
web.

Fastener holes in the compression zone of the
cross-section need not be considered in design
bending strength calculation, except for
oversize and slotted holes or holes without
any fastener.



Simple theory of bending is based on the
assumption that plane sections remain plane
after bending. But presence of shear strain
causes section to warp. Its effect is to modify the
bending stresses obtained by simple theory,
producing higher stressesnear junction of a web
and lower stressesat points far away from it as
shown in the figure. This effect is called shear
lag.

the effect is minimal in rolled sections, which
have narrow and thick flanges and more
pronounced in plate girder sections, having wide
thin flanges when they are subjected to high
shear forces esp in the region of concentrated
loads.
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8.2.1.5 Shear lag effects

The shear lag effects in flanges may be disregarded
provided:

a) For outstand elements (supported along one
edge), b, < L_/ 20, and

b) For internal elements (supported along two
edges), b, < L_/ 10.

where
L, = length between points of zero moment
(inflection) in the span,
b, = width of the flange with outstand, and
b, = width of the flange as an internal element.
R it Department of Civil Engineering,NSCET, Theni
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Under increasing tranverse loads, a beam shoul attain its full plastic
moment capacity.

This type of behaviour in laterally supported beams have been already covered
Two imp assump made to achieve the ideal behaviour are

1) the compression flange is restrained from moving laterally

Any form of local buckling is prevented.

A beam experiencing bending about major axis and its compression flange not
restrained against buckling may not attain its material capacity. If the laterally
unrestrained length of a beam is relatively long then a phenomenon known as
lateral buckling or lateral torsional bucking of the beam may take place and the
beam would fail well before it can attain its full moment capacity. (similar to

i:; eulers buckling of columns).
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Resistance to lateral buckling need not be checked separately for
the following cases:

1) bending is about minor axis of the section
1) section is hollow( rect/tubular) or solid bars

Il 11 ) 1 n case of major axi s benc
non dimensional slenderness ratio for torsional buckling.

. The design bending strength of laterally unsupported beam is
given in 1s.800.2007- code of practice for gener steel.pdf (page
54)




My = B, Z, fra
? o 1. the imperfection parameter is given by:

where
) _ oy = 0.21 for rolled steel section
B, = 1.0 for plastic and compact sections., o, = 0.49 for welded steel section
= Z/Z  for semi-compact sections. The non-dimensional slenderness ratio, A4, is given
Z, Z, = plastic section modulus and elastic section by
modulus with respect to extreme A= =z M =12 = FFY;
compression fibre. v = By Zof, “ s -
Soa = design bending compressive stress, = JV
obtained as given below [see Tables 13(a) Sos
and 13(b)] where
ba = Xix Sy Yo M_ = elastic criti::_'al moment calculated in
%1 = bending stress reduction factor to accordance with S.Zl.z.l, and _
account for lateral torisonal buckling, fer, v = extreme fibre bending compressive stress
given by:
corresponding to elastic lateral buckling
1 moment {see 8.2.2.1 and Table 14).
Kur = " TR = 1.0
{¢L.'T + [‘3'1_:1' - 'lJ:T] }
2
Or = 0514 o p (A —0.2)+ 4, |
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8.2.2.1 Elastic lateral torsional buckling moment

In case of simply supported, prismatic members with
symmetric cross-section, the elastic lateral buckling
moment, M_ can be determined from:

n* El 2 El
Mt‘l’ = : G’rl+ :: zﬁh zp «fcr.'b
{[ (LLT] J [ (L,_T} ] }

fern of non-slender rolled steel sections in the above
equation may be approximately calculated from the
values given in Table 14, which has been prepared using

the following equation:
1.1 n*E 1 (La/7, Y
fap =———F| 1+ 5| 55+
' 20\ h /1,

5

(L /)

The following simplified equation may be used in the
case of prismatic members made of standard rolled
I-sections and welded doubly symmetric I-sections,
for calculating the elastic lateral buckling moment,
M, (see Table 14}

2 505
a. - m[IJ,L(mH

20, 20\ h /1,
where
{, = torsional constant = » b, 1] /3 for open
section; '
{, = warping constant;

1, ,r,= moment of inertia and radius of gyration,
respectively about the weaker axis;

L, = effective length for lateral torsional buckling
(see 8.3);

h; = centre-to-centre distance between flanges; and

t; = thickness of the flange.

The values of fcr,b can also be determined from the table 14 1S800
page 571s.800.2007 - code of practice for gener steel.pdf
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Consider an I-beam subjected to max SF (at supp of SSB). The external

shear o60VO0 varies along the |l ongitud
V= dM/dx, while beam is in the elastic stage, the internal stresses
U, which resist external shear V106 a
T = VO
Iz .t

V=SF under consideration
Q= Ay= static moment of the cross section about N.A
|lz= MI of entire cross sectio @ Z-Z axis(NA)

‘Iﬁ; the thickness of the portion at

Mo Sl Department of Civil Engineering,NSCET,Theni 49
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Elastic shear stress ! !
——plasticstage—-—|

Pattern of shear stressdistribution
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8.4 Shear

The factored design shear force, V, in a beam due to
external actions shall satisfy

V<V,
where
Vy = design strength
= Vo/ ¥Ymo
where

Y.o = partial safety factor against shear failure
(see 5.4.1).

The nominal shear strength of a cross-section, V, may
be governed by plastic shear resistance (see 8.4.1) or
strength of the web as governed by shear buckling
(see 8.4.2).

8.4.1 The nominal plastic shear resistance under pure
shear is given by:

where
Vy = design strength

Vn "'f Tm'ﬂ
where

Y.o = partial safety factor against shear failure
(see 5.4.1).

Department of Civil Engineering,NSCET, Theni

The nominal shear strength of a cross-section, V,, may
be governed by plastic shear resistance (see 8.4.1) or
strength of the web as governed by shear buckling
(see B.4.2).

8.4.1 The nominal plastic shear resistance under pure
shear is given by:

n n
where
V S Vf
Y
A, = shear area, and

JSyw = Yyield strength of the web.

8.4.1.1 The shear arca may be calculated as given below:
I and channel sections:

Major Axis Bending:
Hot-Rolled
Welded

— Az,
—_—d

Minor Axis Bending:
Hot-Rolled or Welded — 2b ¢,
Recrangular hollow secrions of uniform rthickness:

Loaded parallel 1o depth (/&) — A h/ (b + R
Loaded parallel to width (&) — A b/ +R)
Clircular hollow tubes of uniform thickness — 2 A / 1C

Plawes and solid bars — A
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8.4.2 Resistance rto Shear Buckling

8.4.2.1 Resistance to shear buckling shall be verified
as specified, when

4/ >67e for a web without stiffeners, and

K
=67 5'3"5 for a web with stiffeners
where
K, = shear buckling coefficient (see 8.4.2.2), and

e = 250/ f,

Department of Civil Engineering,NSCET, Theni
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LATERAL TORSIONAL LOADING

When a beam fails by lateral torsional buckling, it buckles about it weak
axis, even though it is loaded in the strong plane. The beam bends about
its strong axis up to the critical load at which it buckles laterally, refer

figure.
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What can go wrong ?
STEEL BEAMS:

Yevovee ¥?
- Bending failure 2~ SRS

- Lateral torsional buckling

e Shear failure

A\ et/

- Bearing failure (web crippling) |_ I

[
- Excessive deflections
—
T Department of Civil Engineering,NSCET, Theni 54

Egincering ETechngy



Lateral buckling
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Lateral buckling

Unstiffened Elements
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The lateral torsional bucking of an | -section is
considered with the following assumptions

AThe beam is initially undistorted.

Ats behaviour is elastic.

At is loaded by equal and opposite end moment in
the plane of the web.

AThe load acts in the plane of web only.
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For SS beams and girders for span length L, where
no lateral restraint to the compressive flanges are
provided, but where each end of beam Is restrained
agains torsion, the effective length L.t of the lateral
buckling can be taken as given in the table as per IS
800 (page 58)

A
‘ﬁ‘
Nedor Szt G2
Ergincering ETeche oy

Department of Civil Engineering,NSCET,Theni 58



In SS beams with intermediate lateral restraints against torsional buckling the

effective length for lateral torsional buckling should be equal to 1.2 times the

length of the relevant segment in between the lateral restraints.

Restraint against torsional rotation at supports in these beams can be provided

by web or flange cleats or bearing stiffeners acting in conjunction with the

bearing of the beam or lateral end frames or external supports providng lateral
ﬁraint to the compression flanges at the ends, or they can be built into walls
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