Beams

6.1 Major Consideration in Beam Design

{a) Beamsmusibe adequa!}ly nroportioned for sirength in bending;taking inlo consideration the local
and lateral insiability of the compression flange and also the selected beam seclion must davelop

#

the necessary shear srangthand the bearing resistance.

{b) The beam section must be proporiioned for stiffness keeping in view that their deflactions and

deformations are within the limils as specilied under service load conditions.

{c) Thebeam section must be properivned for economy alsa by paying due atlention to the grade of

sleel to yield.

«  Achleving the aptlmum banding raslstanca: The beam raaterial must be displaced off from the
neulrat axis as far a5 possible to havs large moment of inerlia ol the beam seclion. The web area

must be sufficient enough to have adequaie shearing resislancg. i

3

NOTE: The maximurm mement and the maximum shear in a beam occur at d&ﬁersnl sections. Howaver, aven

S

it they are found at tha same seclion, their interaction is neglecled.

+» Beamdesignis made c}zmplicaled ty the phanomenon of lateral buckling of the beamor buckling

ol compression flange or ils web portion.

s Another problemwith beam design is the dapth of the beam seclion. Increasing the depth of beam

increases the flexural résistance but reduces the rasistance (o izieral of web buckling.

6.2 Types of Beam Sections ‘.ﬂf‘&
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Fig. 6.2 Some typicaltypes of closed beam sections

Normally used beam sections are of onen type wherein the majority of the material is distributed in
the lfanges away [rom the center of gravity of (he beam section. This enhances the in-plane flexural
tesistance of Ihe beam seclion, Also open seclions are very convenient in making the connections
with other members and alike.

Major drawback qf open sactions: Open section are quile weak in flexural sirengih about minor
axis and also the lorsiorlal resistance.

Angles and T-sections are quile weak in bending and channel se¢lions canonly be used far light
loads.

Rolled stee! I-section is generally adopted as beam section,

Closed saclions hava very high (orsional strength but are difficull 1o make connections with olher
members.,

I-section being the mosi prelerred beam section can either be & rolled section or a buill up
saction. An {-section with cover plates is required where large section modulus is required which

cannol be furmished by the available rolled | -sections. This built up I-seclion may either be welded
or nivetediholled.



«  Forbeams subjected lo lateral Toads at compression llange along with Iransverse loads, there.an
I-section (prelerably ISWB} along wilh a channal section in the compression flange is used. For
example: 'Beam seclion of ganlry gliders’,

« Channel and angle sections as bpam: The use of channel section and angle seclion as beam
mus! be done with due care because load is natlikely to be in the plane which eliminales torsional
eccenlricilies. Also, it is quite dilficull 1o predicl Ihe lateral bucking behaviour ol these seclions,

6.3 Plastic Moment Carrying Capacity of a Section

Consider a seclion of a simply supparted beam where the llexural momenl is maximum for the given

Ioadirig. Within elastic limil, the flexural siress varies lingarly [rom compression side (o tension side as shown in
Fig. 6.3(b). L
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Fig. 63 Plastic momient capacity of a beam section . Flg. 6.4Stresssiraln curve for stee!

« Nowiheload is gradually increased which resulls in the increase in the siresses in the libers wilh
axireme fibers being highly siressed, The loading is increased liff the exireme fibers reach yisld
stress {Fig. 6.3(c)). The slress-sirain refalionship lor steelis assumed as shown inFig. 6.4 wherein
the strain hardening part of 1he sirass-sirain curve is ignored and it is assumed that ance the yield
pointis reached, fibars go on yielding without resisting any additional load.

<« Asperthe Iheory of plastic analysis, the highly strassed fiber once yields is not capable of resisting -

any load (or moment). Bul since the inner fibers has nol yielded yet, and thus additional load is
resisled by he un-yielded porlion of the beam section.

¢ Asihe loading is increascd further gradually, the inner fibers will also yield and will cease 10 lake
any additional load [Fig. 6.3{d)]. ‘ ! v

v Wilhstill lurther increase of load. resislance 1010ad is offered by inner fibers which are not yielded
yel. This resislance to load increases lill all the fibers gel yielded {Fig. 6.3(e)).

«  Onceallthe libers gelyielded, no more resislance to 1he load is offered by the beam section. This
condilion i.c. when all the libers have yielded al a seclion is called as ormation of plastic hinge.

=  Once plastic hinge condilion has reached then, mnfinile roation can take place at canslant toad and
withoul resisting any additional toad, This momenl carrying capacity of the section (at this ullimate
load) is calted as plaslic moment capacily of the section (Mp)_

63.1 Expression for Plastic Moment Carrying Capacity of a Section

For the beam scclian as stiown in Fig, 6.3,

Let A, = Area of beam section in compression
A = Area of beam seclion in tension

_ A= Tolal area of beam section = A+ A

Now, tolal compressive force (C) = A,
and tolal lensile force (T) = A‘!r
For stalic equilibrigm, . C=T7
! o
' ‘ At = Al
‘ y - My
\f,,l:"l
A=A A
c=A=5 -89

* The slress in the baam seclion variss from compression {taken as negative) (o lension {1aken as
posilivae).

*  Atlhelocation where the stress changes its sign |.e. becomes zero s referred io as plastic nauteal
axis of the beam section.

*  From Eq. (6.1), it can be inferred thal plastic neutral axis divides the beam section into iwo equal
parts. For symmetric seclions, this plastic neutral axis lies at mid-depth of the section but Tor
unsymmalrical seclions (like T- section, L-section aic.} it has to ba located from the condition as
derived in Eq. (6.1}

*  Plastic moment capacily of the section can be Jound gut by laking the moment of horizanlal forces
aboul the plastic nevtrat axis. The momenls due lg comprassive and tensile forces are addilive.

Let M, = Plastic moment capacity of a saction
Than Irom the bending equation, “
M= 17
it can be deduced thal,
M, = frzo
where f, = Yield siress of the material of the beam seclion

£, = Plastic seclion modulus of the beam seciion

*  For standard rolled sections, Z,is aboul 1.125 o 1.74 limes Z,for 1-sections and aboul 1.710 1.8

times for channel seclions.

NOTE 1. Indian rolled slesl sections consist of sloping ffanges from inside, fillels al the junctions

and rounded edges.
2. For delerminate siructures, formalion of a single hinge causes couapée ol the whola

slruclure since it goes on rolating without resisling any additionat load bul this is not so
for indelerminate struclures.

* Collapse mechanism lor propped cantilever and fixed beam are shown in Fig. 6.5 and 6.6

respectively.
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6.4 Classification of Beam Cross-sections o
»  Limit state dasign of steel beams require thal seclions must be classified since the ullimata moment
carrying capacily of the beamdepends on the lype of seclion being used i.e. plaslic, compact,

seml-compact or the sisndsr. ‘
« These four classes of sections have been delined dased on yield and plastic memenls and tha

rotafion capacities.

¢

NOTE: Rolled I-sections and channel sections as given in IS Hardbook No. 1 are gither plastic or compact.

e Inindia, the various rolled I-seciians are at least semi-compact but in case of bullt up welded
sections, they may have semi-compacl or slender vwabs,

Remember 1. In case of indelerminate struclures, it is preferable 1o use plastic seclions.
2. For simply supporled beams, it is preferalie to use compact seclions which lail after
9 " reaching the plastic moment at one section.
3. Semi-compact sections arg pretatred lor elastic design wherein the saection fails after
reaching the firstyieldmomenl (M) at the axtrerme Lbers ol the beam se‘c\iom
4, For plate girders, slender sections are used.

« The various types of sections are discussed in Section 1.4 and T;ale 1.2

6.5 Different Types of Elements of a Cross-section ’. "r

C1.3.7.3 0f IS B0D:2007 classifies different types of elements as: BEK

{a} Inlernal elemants: These are thass slements hat are aliached alang both the edges lo longitudinal
stilfeners connacled at adequate inlervals lo lransverse siifiengrs or olher clements. e.g. Web of
1-section, web and flange of box section etc.

{b} Oulside stements or oulsiands: These elements are aliached only loong of the longitudinal edges
ta an agjacent elemant and the cther edge is lree (o get displace oul of lhe plane. ¢.g. Flange
overhang of I-seclion, legs of angle section, stem of T-section elc. -

{¢) Tapered elsmenis: These arein fact flat elemenis with average (hickness as given in SP: 6 (Part ).

6.6 Lateral Stability of Beams

*  Whenahbeam is loaded, one of the flanges of the bearn comes in compression and other in tension.
For econarmy in beam design, I is made considerably larger than !,

¢ Such beam seclions are quite weak in bending in the plane normal la the web and thus compression
{lange of the beam is liable to buckle in the direclion in which ilis ree 10 move i.e. in the horizantal
direclion. k

+ This buckling 1endency increases as the ratio £,/ increases. However he botlom flange of tha
beam remains in tension and thus remains siraight. Bul the bollom flange, web and the compression
flanga acls a unit and thus the whole section rotales as shown in Fig. 6.7.

Lotera! deflection

/

Horizonlal dafleciion s
|

. D\ : Vgﬂ.laxl dofloction
Comptassion wh <
EEB @ T
Tensloa
{a) Simplo beam ) Callection bn {c) Buckling of {d) Buckled pasition
lmnsvorse plane eompression flange at mad-span

Flg, 6.7 Loleral torsional buckling of i-beam section

s _ Elastlc Crilical Moment: It is the bending momenl al which the beam fails by fatera! buckling
when subjected to uniform moment.

+ I however, the lateral buckling of compression filange can be prevenied Lhen llexural strength of
the beam can be used to its full valuve.

»  This lateral buckling o} compression flange can be prevented by any of the methods as shown in
Flg. 6.8 and brielly described as below:

fa) By embedding the compression llange of the beam in the slab concrele which gives full
lalerat reslraint to the beam,

{b) Shaar conneciors welded to he compression flange of the beam and embedded in concrele

siab.
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Fig. 6.8 Lateralsupportin beams



flange then full lateral suppor! is assumed lo exist al the connections. n case cross beams
are connected 10 tension flange of the main beam then cross bracing is dona to have laleral
reslraint.

(&) Torsional bracing in the form of cross trames or diaphragms are used 10 prevenl twisling.

6.7 Elastic Critical Moment

Bending of beamin the plane of ils strong axis and buckling about the weak axis is accompanied
by twisling/lorsion and is characterized as lateral torslonal buckling ang llanges wrap.
This warping ¢l llanges is characterized by out of plane delormation due lo rotalion of the beam
seclion abeul he longiludinal axis ol the beamii.e., .z-a)us
The compression flange of the beamis acts as a column only withno lendency of lateral lorsional
buckling until lha moment reaches a cerlain critical value called as critizal moment (M, ).
The load at which such a beam buckles is much less than lhe moment capacity of the beam
seclion. :
The torsional bahavior of dillerent stcuclural sleal shapes is described by:

(a) Sainl Venant torsion

{b) Warping lorsion
From lhe lheory of elastic stabi!i(y. the expression for the stability limil state for a sicel beam
subjected lo a uniform moment, the crilical momant {M_)is given by,

' r’€1,GI, nE%, 1, :
M, = —L3—+-——F- ..{6.2)
e
2 n E°L T,
InEq. 6.2 [%]Ierm is Saint Vanant stlffness and ["T‘] 1erm is flange bending

slilfness or warping slilinass.
Thus the IS definilion of lateral lorsional slability limil slate is expressed as:
) M, = Aconstant x {Sainl Venant stillness + Warping slillness}'2...(6.3)

The efaslic critical moment (M_) given by E£q. 6.2 can be rewtitlen as:

' EY
M, = —’E ElyGf,+(LL—] Ly {6.4)

where £l = Flexural rigidity about minor axis i.e.. y-y axis
GI, = Torsional rigidily
/,and /.= Saint Venant lorsional and warping constant respectively
L = Unbraced length of the beam subjected 1o constant moment in the plane

Remember 1. Forsymmelrical l-section wilh ftange width b,, llange thickness ¢, and overall depth of the

',

section f,
I h

,n'zT

=09bt7,

2. Eq 8.415 appkcah?e only for compact doubly symmelnc I-sections, I-secliorisloaded j in
) lha plane of l.helr‘ abs, singly symmemc l—seclions with complesslon ilange largenhan

3. !t :s "not possn eIor lateral torsmnat bucidmg woccur sl lha second moment of axea oi !ha
“seclion about lhe bending axts is equa! to otlass than the second moment of area of the
~ sectiop out’ of, plane Thus' Ilmil state of lateral torsidnal buckling is not applicable for
shapes bent aboui lheir minor. a.xls wnh i sl or io: cireular or square shapas {for,which

L=1). .- . - .

Eq. 6.4 can ajsé Bewritten as,

\\;ﬁ'i

M = -,’El Gl, "H\ L

i Y e

} &y .
M= T ET G!“fw-e-[ 2:.) -{6.5)

In the term 1, the contribulion of web is quite negﬂglme and thus for symmetrical I-sections. the
second momenl of area of each flange of 1-section is practically equal to 7, 2. Further, the warping
resistance will be greaterwhen &, f2 and h are large. From Eq 8.5, ilis evsdenl thal critical flexural
moment (M) canbeincreased by increasing I, and /1 ori,

Shorl and deep beams have very large warping resistance while long and shallow beams have low
warping resistance (&.g. f,=0).

When ! =0, Eq, 6.5 reduces Lo,

140
M, = %.,’EI,GI, [fn = -":r) ..{65)

I torsional rigidity Gi, of a section is very large in comparison 1o ils warping rigidity, then the
seclion will be in uniform larsion (called as Saint Venant torsion) and warping moment wil be quite
negligible. Hot rofled rectangular and square hollow seclions, Tee and angle seclians possess this
lype of behavior,

In angle and Tee seclions, warping delormalions are large but warping moment is small since
warping momeni can develop only when the warping deformaticas are resirained.

Assumptions involved In deriving the expression fer elastic critical moment (M, ):

(@)
(&)
{©
{d
e
4]

—

The beam is inilially undisteried and wilhout any imperfections.

The behavior of the beam is truly elaslic.

The beam is acled upon by equal and opposite moments at the ends in the plane of the v:eb
The load acts in the plane of web only.

The ends of the beam are simply supported laterafly and vertically.

The beam does nol have any residual sieesses.

Eq. 6.5is applicable provided he applied morment is uniforen over the unbraced leagth of the beam
else there will occur a moment gradient and the egualion has (o be modilied by inteducing a
suitable modification lactor. “



*  Amcdiicationfactor e, Is lnrfmed inEq. 8,5 loaccountlor dilferent loading and suppon condilions
and Eq. 6.5 is modilied as,

. 2
My = ¢~ JETGT, [t+ "f"'
L %ai,

 =—in [ 2%EL,
= My = CELGh {zﬁﬁ;‘
LEG}t H i
Put, _Ef: - 5 ‘
: 21
Thus M, = c.JET Gl,[ ‘fu-a—} {eWELGI )Y {67
1:‘ I n?
whege. o = Z'\J‘H-vavz—

Eq. 6.7 is basic equation for lataral torsional buckling of beams. The three terms inthis basic equation
are ¢, \[EI,G!, and the ytemm,

673 Thec,Term

This factor 1akes inlo account the moment gradient on lateral lorsional buckling and is denoled by g,
called as equivalent uniform moment factor or moment coefflclent. For lorslonally simple supports, the
faclor ¢, is equat to or grealer than one depending on The lype of loading.

Remember: Beams with unequal moments are less prona 1o instability and the equivalent uniform moment
facior caters for this benciicial effect on the beam,

6.72 The JEI,GJ, Term

The value of this lerm varies with the shape and material of the beam. Provision of inlermediale lateral
supporis capable of provenling the lalgral delection and twisting have an effect o increase M,

73 ”
673 TheyTerm ) ﬂ

This value varies with the length of the beam. For beams wilh no mtermedzate lateral supporls, the
eftective length of the beam is equal to the aciual length of the beam belj»e.?an lhe suppons. The warping
resiraint is usually represented by an effective length factor K at lhe supﬁorl or the polnt of bracing. This
effeciive length factor Kis used to represent ralional ireedom aboul the verlical axis {(warping} at he supporl of
the brace point.

* While developing IS 800 : 2007, it was presumed that flange is {ree to warp at brace points and thus K

is unity. Thus for unrestrained llanges against warping, K = 1 and {or fully restrained tlanges, theorelicatly,
K =0.5 {bul IS BO0:2007 gives this value as 0.7 for design purposes).

In situalions, where possibilily of ranslalicn of one end is also lhere, there K can be giéatar lhan unity.
For oxamplg, in cantilaver beam, with no support at (he free end.

Tabie 6.1 Effective length for simply supported beams

s Condillons of Rosimsints at Supports ' Londing Condidon
Ne. Torslonal Restralnt Warping Rastraint K . Nofmal* Dostabliringd
) | Fully resimined . Both flanges fully restrained 0oL 0851
()} Fully mstroined Compression flongo fuby rosloincd Q75L 0.950L
L 08) Fully restrained Bou:n flangas partially restralned 080L 095L
{v) | Fuly restmined «Compression fange partiatly 1 085L 100L
) Fully restrained Warping not restmlnad in both flanges 1.00L 120t
(vi) | Porlallyrosiralnedbyboliom | Warging nol restralned (n both flangos 10L«2D 12L+20
flanga suppart connaction .
(8) | Porially restmlnedbybotzom | Warping nol restrained in bolh fangos | 120420 | 14L+2D
flange bearing supprt
* NocmntTonding: wnhmmmm
#0osinhilaing Losding: Loadis 0ol actingihrough ing tion

Table 62 Effectivefength for cantifever beams

Rostealnt Condition Loading Condition

Al Supporl At Top Normat  Destabllizing
{8} Contnugus, witn () Froe 3oL 75L
lataral resiraind lo
Io fango
(%) Latoral reslraint Lo lop flange 27L 75t
(@) Torsonal rarstraint 24L 45¢L
(w) Lalerl and lorsiona! restmint 2L 36L
O ooy, {0 Frce 201 50t
roswalnt
(i} Loleral rastraint (o top Range 50L
1.8l
& (ui} Torsional raxraint 1.6¢L 3oL
() Loteral and torsional resleaint 4L 24t
{c) Conlinuous, with @) Frce : 1.0L 25L

Latoral nndt lncsignal
mostrainl

//;\ i) Latesal restraint 16 top Rango 0814 251L

§>— /é
%‘V () Torsional tastraint 08L 15L
= i i 0.7¢ 2L
,\E\ (iv) Latoral and lorsional restraint




{d) Rostrainad latorally, Frea y 4
prsionnfy and ngalnstm oBL 1t
rotation on plon

{g) Loleral msiraint to lop NManga 07L 1.4L
{l) Torslonal rastalnl 08L 0.6L
(iv) Laterl and wrstonal rostraint 5L 05t

Top reatralnt conditdons

{l) Froo @) mfural mstmln( to (i) Torsional (v} Lalora! ond

rostrainl lorsional restraint

The laleral reslraint providad by (he simply supported condilions as assumed in EqQ. 6.4 Ts the
lowes1 and Iherefore the critical moment M, is also the lowest.

The equation for coﬁnputing 1he efaslic critical momenl corresponding lo lateral torsional buckling
of doubly symmelric torsionally restrained prismatic beam cub;ad(ed to uniform moment in the
unsupported lenglh as recommended by IS 800 2007 issama as £q. B 4 bulin slightly diffarent

lorm as given | below
n £ E
M, = IJE:YG:,-»(“ ] oy = JL2£1@,+L2{“ ) Iuly

=? nEl, r’El, »
=‘}L—ZEI [Gf, 2 E—-——EI Gl + : ..(6.8)

where L, = Ellective lengihrof the beam subjecled 1o laleral lorsianal buckling
Eq. 6.4 can also be modilied as below,

2 E
M, = %JEI,G/,+(“TE] Iy = {J(Eﬂ Il +E1LGI

RE EIGI, % E1.G7,
. Lz ‘ 12 (;[E/;.)Z]Z

K7EI, ['.“ GI, Lz. REL, E! Gf L”.
= '_—L;s \'T‘*n——"— = EE’ (6.9}

where 1,1,.1, = Moment ol inerlia about the minor axis, warping conslant and Sainl Venant's
torsion canstant, respeclivaly

G = Madulus ol ngidity
L,y = Elleclive length againsi lateral torsional buckling

6.8 Strength of Beams in Bending

« Laterally Restrained Beam: A beam can fail by reaching the h!aslic moment M,il it can remain
stable up to the fully plastic condilion.

« This situalion is possible where compression flange buckling of the beam is restrained and
congslituent elements {llanges and web) do nol buckle locally and are referred 1o as Jaterally
resiralned beams. With increasing lransverse loads, these laterally restrained beams will altain
[ull plastic momenl capacily.

« Laterally Unrest;alned Beam: 1 failure occurs by lateral torsional buckling, the whole beammay
buckle laterally béIWeen the supports, local buckling of flange may occur, or local buckling of web
may oceury,

«  Webmay bucm nlongitudina! or diagona! waves or undor points ol concentrated loads in vortical
waves.

= Beam [ails well before it altains its full plastic moment capacily.

+ These type of beams which fail by lateral buckiing are relerred to as laterally unrestrained bsams.

¢ Alsoany of these type of tailure due to instability, ¢an be either in elastic or the plaslic range. When
maximum bending stress Is less (han the proparilonal limit when buckfing occurs then failure is
said lo be elastic else il is inslastic.

=  Alaterally unrestralned beam will lail by

(a) VYielding if beam is short
(b} Elastic bubkling if beam is long
(c) Inelastic {ateral buckling if beam is.of intermediate length.

Remember  Web buckling is a less crilical problem than flange buckling because:
T 1. Buckling stresses even {or simply supparied bedms are generally much higher than for
9 flanges.
2, Edge condilions ars generally more favorable for wab.
3. Even il web buckling occurs, it is Jess crilical than fiange buckling since there exists
several ways in which post buckling strength may gat developsd.
« Theimportanl consideralions in beam design are.
(a) Moment {b} Shear- {c) Dellection
{d} Crippling {0} Buckling () Lateral suppont

NOTE: For l‘aleratly supporied beams, the design bending strength is governed by yield stress whilg for
laterally unsupporied beams; the design hending strengthis governed by laleral forsional buckling.

6.8,1 Laterally RestrainediBeams

«  Beams of plastic or compact shapes with lateral supporl throughout have nominal flexural sirength
equal lo plastic moment capacily of the beam section.

+  Forabeam adequalely supporied againsl lateral torsional buckling. the factored design moment
{M) al any section due to exlernal loading must be loss than or equal io the design Hexural sirengih
{M, ) of the section.

«  Iere the assumplicn made is that the web of the beam is stocky {i.c. gfi, < 67c) Where d is the
depth of the web and I,.is the thickness of the web.



*  Inbeamswith plastic, compactand semi-compact ‘langes and siander web (i, > 67¢), tha webig
prone lo shear buckling befors yield! ng. When Ihera is no shaar tuckling {dft,, < 67¢), the nomina
shear resistance (V, ) equals plasxxc shear strengih {17) of the beam section,

WORTM The plastio shear zesrs(anca is e val to shear ares times (0,1 43) Thecreucauy apurash Ear o

'slzese of ng's' (=0.577 1, 0. 61;} will cause tha material to y.o'd. Hence 13 a facioted; daslgn shear lurca

Vscﬂ', 1he webwil be iuny etfediive. and enire cross seclicr of the bear will be eﬂecwe in restshng the'”
nmmnMc Bulwhen stiear exceeds the limit o! 0.6V, then web areawill be ineffeclive and enlire flange will { i
resistthe momenL Because af lh!s hlgh shear, ma momenl capacity or lhé Seamis reduced L

6.9 Flexural Strength of Laterally Supported Beam

e When dfl,, < 67¢, IS B0O:2007 take“ inlo account iwo cases viz. one wilh design shear sirength
lessihan 0. SVdand olher with denlgn shear sirength more than 0.5V, where V,,is the design shear

force.

«  When dfi, > 67¢, web s likely o undergo shear buckling, This aspact is covered in chapler on Plate
Girders. -

¢ When dli, < 67¢, the flexural slreng.h of laterally supported beam is compuled as:

Case -1 Low Shsarcese(VSOBV‘,} '

() For plastic, compact and semicompest seclions
The design flexural strenglh is given by,

Md; ﬁbz”!’ i

«{6.10)

.

Z,l,
122X forsimplysupported beam
T e
Z,f, ) !
~—= [orcantilever beam

£
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where  f, = 1.0 for plasiic and compaci sections
Zs
=2, lor semi-compact seciions

Z, = Plastic section modulus of the beam section !‘ﬂ 7"\

Z,= Elaslic seclion modulus of the beam section Ly o

Y = Parlial factor of safety Jor material governed by yield stre‘;sl

boons .mg:;; !h:oulmsp::::x”ﬁg;m; efzrc 2:5:: s;m::mned beams and 1.8Z,f /¥, for cantifever beams has
aelormatons o revenad, plasticity under unfactored loads thal is lo say excessive

(@) For slender seclions, the design llexural strength for this low shear case is given by,
M=Z1 6.1}

where 2, = Ellective elaslic section modulus

g

(a) Effect of bolt holas: When beams are connecled Lo ather beams on calumns, then rivets/bolls are
used {or making the conneclions. For this, boll holes are punched or drilled through eilher lhe
flanges or web of the beam. Experimentally, it was seen that strength of section depends onstrength
of the compression flange in spite of the fact that therg are boll holes in tension flange also. [S
800:2007 allows 10 neglect tha boll holes in the tension flanges of the beam when lensile [raclure
strenglh of the flange is at teast equal to tensile yield sirength i.e.

0.9Af, f!-l[r.

Tem Yoo

.{6.12)

"Remernher For bolts in bolt holes in compr%swn {lange, na reduction jor boll holes is made. since it is
[ pzesumad thal bolts can lransmil compresslon thraugh hole by means ot balts.

{b) Efiact of shear lag: ngh SIresses occur near
the junction of veb and llange elements. This
sirass distribution is shown in Fig. 6.8. | Nonuriform

«  In case ol rollad I-sections, his ellect bending stress

ol shear tag is small but for buill up /
seciions andfor wida flange beams, he g yormants
effact of shear lag Is quite considerable.

«  This shear lag effecl depends on width

to span ratio, end resirainis al lhe beam
ends and lhe typa of load.

«  Point load givas rise lo more shear lag

than the uniformly distribuled load.

s AsperlS 800:2007, he effect of shear lag can be ignored provided:

L,
b s 2 {lar oulsiand elements)

20

L,
b s TO- (for internal elernents)
whore b, = Widih of the ouistand of the flange
b, = Width of inlernal element

L, = Lenglh between the points aof zero mement {i.e. contrallexure points)
L

Fig.6.9Effect ol shearlag

Case-2 High shear case lv > 0.6V
»  The design llexural steength for Ihis case is given by.
M= M, (613}
where M, is the design flexural slrenglh under high shear lorce.
» A rcduced value is recommended to account for the higher shear farce on flexural strength ctthe

seclions.
« Cl.9.2.2 of IS B0OO;2007 gives cxpressions for compuung M_, lor dilfetent types of seclions as:

. (a) Plastic and compact sectlons
' M, = My~ B, (M,- M)



Zf,

< 12221 .{6.14)

Ymo
v Y
wer o= (5
M,= Plastic design moment of the whole seclion
V= Factared shear lorce on the beam seclion
V,= Design shear sirenglh of the beam section
M,,= Plaslic design slrengih of the area of cross seclion excluding the shear area taking into
account Ihe parlial factor of salety 1, .
{b) Semi-compact seclions: Flexural sirength of semi-compdcl saclions is given by,
‘ zofv

Ym0

.{8.15)

6.10 Shear Strength of Laterally Supported Beam
« A lypical beam is subjecled lo two types ol shear viz. the transverse {or verlical) shear and the
longiludinal shear, In generat, transverse shear tailure does no! usually occur in beams because
prior 10 that web crippling will occur thereby making the heam to undergo lailura,

«  Bultransverse shear (ailure may do oceur incase ol .'shc;t and heavlly loaded beam or deep coped
beam as shownin Flg, 6.10.

=

i 1 Girdor f 1 t

(b) Coped baam

Beam ond coped

(o) Transverse shoar (&) Longi(udlnal shoar

Flg. 6,10 Longitudinal and transverse (veniical) shear in beams

e Bending of beam gives rise to longiludinal shear making Ihe libers lo elongate in the lower side and
conltracling the libers in upper sids,
+ These libers lend lo slip over each olher and Ihis effecl is maximum a! the neulral axis. This
lendency of slip is being resisled by shear sirength of the material.
= The longitudinal shear s given as;
1= YA . {6.16)
1t '
where V= Transverse (vertical) shear force '
Ay = Momer of arca (A) of the cross seclion (above the scclion under consideration) aboul
neulral axis.
1, = Moment of incrlia of the heam cross section aboul neutral axis.
The mcan of the average shear slress is given by,
T = l" = V (Gﬁ')
: AI d[“

where A = Shear arca, { = Thickness of the web, ¢ = Deplh of the web

* The neminal shear yield strangth which is arrived al on the basis of Von-Mises yield ¢ondition is
given as,

Vo _ fe
= = N V = F— vl 6.15
(3' Av \’5 v 3 . ( )
where [ = Yield strenglh of the web
Now here arise the following two cases:

(a) Nominal shear resislance of the cross saction governed by plaslic shear resislance
{b) Slrenglhof web lhal is governed by shear buckling

6.10.1 Plastic Shear Resistance

¢ When thai ﬁ?‘ shear buckling, the nominal shear resistance under pure shear is given by,

AL,
V=V, = Jf -..{8.19)

IS 800 : 2007 defines shear area for dilferent sections and are also givenin Ssaction £.11.3,
*  Alsocheck forthe block shear [ailure at the end conhection, Thedésjgn shear sirenglhis given by,

v,
Y= = .{6.20)
. Ymo
where v, = Parlial faclor of safely for the material governed by yield = 1.1

6.102 Resistance to Shear Buckling
*  Under concenlraled loads and support reaclions, the web of lha I-section behaves fike a column.
Web being thip, is prone (o vertical buckling.
*  Wilhrolled beam seclions, buckling of web is nol a problem since for rolled sections, gl <67e but
this problem cccurs in built up sections with thin wabs like tha plate girders. The seclion is checked

Hor shear strengthwhen dff, > 67z for web withoul web stiffeners andwhen dit >67e Jk, 1535 tor

web with web sliffenors,
¢ Cl. 8.4 of IS 80D:2007 specilies design shear strength of a section as:

Ve Yo Abw
, i 821}
where A, = Shear area, [ = Yield sirength of the web
6.103 Computation of Shear area
{a) Iandchannelseclions
v (i} Bending aboul major axis
Hotrolled ’ A =fi,
Welded | A =0,
{i) Bending aboul mingr axis
Hot rolled or weldad A, = 28,
{b) Rectangular hoflow seclions of uniform thickness
] . Ah
(i}  Loading parallel to deplhﬂ(h) A= ek
(i) Loadngpaallelowidh(b) A = -2 N
' v 7 bl



s

[ 24
{c) Circular hollow lbes of unifomm Ehickness A=
Plalgs and sofid bars | . A, =A ‘
-(:}hera }:z Gross cross seclional area, b= Overall u:idlhoi flange of I-section, overall bre?dlh of bular
seclion. d = Clear depth of web between the flanges, h = Overall depth of 1 section, ¢, = Thicknass of the

flange, I, = Thickness of the web

6.11 Limits on Deflection of Beam T

s The dellection is calculaled by elastc theory for working load conditions i.8. withoul {actored
!Qads- .«‘. : - ] . |
»  Table 6 of IS 800:2007 gives tha maximum permissible deflection limils and the same are also
given here is Table 6.3. .
Table 6.3 Permissiblelimitsof deflection
Maximum
Typa of . Dofloc- Design load Hembor Supporing afiscion
Bullding ten
, f 3 Span/150
load!Wind foad Purling ond Girts | Etastic chxiding
o Brilla dodding Span/160
; ' ; Span240
Simple span Elaslic dudding
. { Britilo tfadding Spanfd00
i Span/120
Livalcad Contliever spon, | Elnslic dndding
Britilo drdding Spani150
§ teloadMindosd Raflof supporting | Profilec botal Sheeting Span/160
§ Plastored Shoating Spanf240
Crane load Ganlry Crano zpm:
{(Manual opecation} Crane toad Ganiry Crang Wm
z “{Eloctsie oporalion up to 50 1} Ganlry Conno Span/t
§ Crana load (Elpctric opormbon over 501}
Coturm Elastlc dodding ., Height'150
Hosenes MasonAintte cladding Halghv240
Crane (absolule} Span/d0
Gartry flateral Rolatvo displ 1 10 avn
Coona wind fateral rofs suppovling Cane
Gantry {Elastie cladding Height/200
H pendant operatod)
L} : Coumnframe  Gon i cladding; Halghtt4go
3 Grano s winé i cab optizated
Floorand ool Elematri,ngk dusceptivie Span/300
Levg load Elemop .tn'g %
Eloments susceplible Sparvi60
E ta cracking i
g 5 Elemonts nat susceplible Spani150
2 > 7 lo cracking
3 Loload Canlaver Elemonts suscepbble Span/180
-] 10 cracking
3 wind Bulding Elaslic dadding Helghv300
g Brillla dndding i Hoight/500
3 i Staroy
3 tnler slotay drilt
e Hci{]huﬁﬂﬂ
L_ e ———————

6.12 Buckling Strength of Web

A certain portion of web acts as column 10 lranster the load from beam 10 the supports.

*  Under this compressive lorce, the web is liable to buckle as shown in Fig. 6.11,

"]
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Flg.6.11 Webbucklingin beams

* Theload dispersion angle is usually aken as 45°,

Rolled seclions are provided with suilable web thickness so lhal web buckling is avoided.

In case of built up sections, il is essenlial to check Lhe buckling possibility of the web and web
sliffaners are pravided il required.

As per IS B00:2007, effeclive web buckling strenglh is to be delermined based on the crass
seclion of the web which is given by,

A, = b, +2n)1, (6.22)
where, b, = Width of sliftened bearing on Ihe web

h .
n = o h = Deplh of the section
* I/, is lhe allowable compressive slress corcesponding 1o the assumed web column, then web
buckling strength is,

Fon= by t2n)t F ..{6.23)
whete £, =Web buckling slrength
Lel effective length of web column = 0.7d,

Then, the radius ol gyration of web is given by,

1
[ leea
¥ A {by+2m)h, S 243
Thus slenderness ratio is,
2o Eﬂecﬂvrc length _ {O-jm ~25% (6.24)
¥ Il‘, W
S2J3

Far (kv above compuled slenderness ratio, permissible compressive stress {/.) can he determined [rom
Table 9 of IS B00:2007 and (rom Table 5.8 of this book.



6.13 Web Crippling

.

»

wherz

Al supports, the web ol the beamn may cripple due lo insulficient bearing capacily as shown in
Fig.6.t2. !

H—"‘T-
et
Crippling
P i,
TIr1 o
i sipotzs !,
b —={ ;]

Fig. 6.12 Web cripplinginbeams

Crippling usually occurs at lhe root of the section. IS 800:2007 provides an exprassion lor compuling
the crippling sirength of web as:

‘w b ad

f,
..{B.2
Yme (629

£, = (by+ns)
Lenglh of stiflened bearing
= Lenglhobtained by load dispersion lhrough the flange to the web junction al a slope

of 12510 lhe plane of the flange as shown in Fig. 6.12.
f = Yicld siress of the web )

The load Iranslerred by bearing must not exceed web crippling strenglh (F). -
For rolled steel seclions, this provision is already accounied for and thus lor rolled steel sections
being used as beam, there is na need to check for this lailure.

When built up sections are used as a beam then web must be checked lor web crippling.

s
I

6.14 Procedure for the Design of Beams
Step-1 Selecl a suilable beam section.
Slep-2 Check the section tor the class it belongs.
Slep-3 Check the section lor its bending strength.
Slep-4 Check the seclion lor iis shear strength. ;
Step-5 Check for detlection of the beam. )
In case any of the above check fails, then section has to be revised,

6.15 Design of Built-up Beams

When foading on Ihe beam is so large that available rolled sleel sections are nol adequale o take up
the moment then buill up beam sections are used. In case of bolled and riveted beams, the area of lension
flanga gets reduced due to the boltfivel holes and thus aclual neulral axis moves upward tov/ards the compression
side. However this shill in neutral axis is neglected in usual design process.

6.16 Design of Laterally Unsupported Beams

*

For I-section beams, f<i,
Thus when a beam is loaded, it has Ihe tendency lo dellect sideways along with twisting.
Toreduce the possibility of iateral buckling, beams are provided with restraints al the ends andat
some intermediale poinls,
This resiraint against lorsional rotation at suppeorts is providad by sither of the lollowing ways:

(8) Building the beams into the walis.

{o) Provigigg.web and llange cleals.

(¢} Bearingsilleners acling in conjunction with bearing of the beams

(d) l;‘am'j?;Id Supporis or frames which pravide lateral restraint o the compression flange at

the ends,

Intermediate lateral support is provided by lateral bracing or by connecling lo an independent
peavy postofhe siructure, Such restraint must be capable ol resisting 2.5% of the maximum force
in the compresslon lange and shauld be connecled closer lolhe compression llange.

NOTE

1S B00:2007 specities that a member may be Ireated as laterally supporied for the Iollowing
cases;

{a) Bending is about the minor axls
{b) Secticn is hollow {rectangular, circular eic.) or a solid bar

(c) Non-dimensionalised slenderness ralio is less than 6.4 i.8. lLr—‘,{f,ﬂw <04

Taking inlo account, the imperiection faciors o;r=0.21 for rofled steal sections and o, = 0.49 for
welded steel sections, IS 800:2007 has presenied the Tables 13(s) and 13(b} to determine the
reduced bending sirength 1,40l the section. .
Thus the designed bending strength of laterally unsupporled beam as governed by torsicnal buckling
is given by, '

M, = sz,bd

where 1= 1.0for plastic and compac! seclions

= Z, {or semi-compact sections

The designof laterally unsupporled beam is a trial and error procedure.

First assum i ireqt Z i i i i

- mornenle fmf{”d deierrr}une the rcquxfed Z,0f |fxe seclion, Selecta lrtai seclion and determine
: cartying capacily ol the section, If section selected gives inadequale seclion modulus

Ihensection has (o pe revised. For the selected section, all usual checks are applied.

6.17 Effective Length of Léterally Unsupported Beams

Far simply supported beams and girders of span length L where Ihere is no fatergl restraint {o the
compression flanges is provided but end of the beam is resirained against torsion, the effective
length L, shall be as per Table 15 in IS 800:2007 and 1s given in Table 6.1 wherein normal -
loading means load is acling Ihraugh shear center and destabilizing loading means load is not
acling through the shear center and if creates destabifizing effect.



+ Inbetweenthelalerat reslrairits, the elfeclive length ol lhe seg?%;aent is laken as 1.2 limes he lengty
of the segmant. X b

+  For cantilever beam of ctea?_ leng'h L, effective: length L, is 1aken as given in Table 16 of I§
800:2007 for different support conditions and i given in Tabie 6.2.

6.18 Design of Laterally Unsupported Beam : Purlin
For simply supported purlins, makiour Dexural momerit is w28 and for continuous purling, maximum
ftexural moment Is w310 where wis the unitormly distributed loag on th: purlin.
6.18.1 Rigorous procedure for the désigra of purling
Stap-1 Resolve the faclorad loads normal and paralic! 16 tha sheeiing.
Step-2 Determine the momenis dand shear forces about the twe in-plane principal axes 2-z and y-y.
Step-3 In case of bi-axial bending. the required section modulus akout 2-2 axis is given by,

Z;f = %?no+2-5%%fm
where Yo = Partiat factor of gatety for material = 1.1
d = Depih of the seclion
b = Width of the section
The second term in the above expression makes an approximate reialionship betwaen Z,and Z,,
Step-4 Check the saction lor shear capacily as:

Vo= fy As
V'ié'fm)

v - = {YA"‘/
" By

where, AL=hi,. A =2bt,
Step-5 Compute tha fiexural capaciy of the section aboul bolh thie axes as:

Mg = —Z‘-‘-"lglg.zi‘l‘—li
1o

Ym0
% fra Tmo W

e
Step-6 The seclion 5o sglecied and the consequent dasign must salisly ihe following relation:

M, M
My My,

i

<3

Step-7 Check the purlin {or defiection.

Step-8 Check for wind suction. When dead and live loads are predominant, the lop, {lange of the purlin
is under compression which is restrained taterally by roof sheeling. Thus lor dead and live loads, analysis is
done assuming the purlin to be laterally restrained. Bul when wind suclion acls, lop flange of the purlin comes

under lension and boltom under compression which is not laterally restrained. For this, wind suclion along with
dead load alone is considered as critical load. Taking into account the torsiona! buckling, M, and M,, are found
out and inleraction formula is checked.

6.182 Simplified Procedure for the Design of Purlins
*  Asper 1S 800:2007, the angle purlins sheuld be designed for biaxial bending. But IS 800:1984
permils the design of purling by assuming Ihat toad normal 10 the sheeting isresisled by purlinand
Ioad paratlal lo the purlin is Sheeting is resisled by sheeting provided the following conditions are
salistied: '
@) Roof slope is less than 30°.
{b) Widih of angle leg normal lo sheeling 2 L4145,
{c) Widih ol angle parallei to sheeling 2 L/60.
«  For this case, banding moment about z-z axis is 1aken as W,L/10 where W, is the lotal load in the
direclion norma! o the sheeting and L is the spacing ol russes.
«  Thus the design effectively gets reduce to uniaxial bending. The limits on leg sizes are based on
limiting deftections, Thus there is no need to check the deflections. This simplilied method is NOT
covered by IS 800:2007. ’

6.19 Design of Laterally Unsupported Beam: Grillage Beams
s  Aminlmum clear spacing of 75 mm is redu]red {o be maintainad between the llanges of adjacent
grillage beams sc as 1o have efleclive penalration of concrete in belween the beams.
+ Tomaintain the required spacing, tic rods are used.
»  The column load Is transferred to lop lier of griltage beams through a base plate.
»  LetLbe lhe length of he grillage beam and length ol base plate in Ihis direclion is ‘a’ as shown in
Fig.6.13.

N

Fig. 6.13 Grilfage beam

If the beam carries a lotal load P then unitormly distributed toad under the beam is PfL and on the
length occupied by base plale is Ffa.

s  Maximum mament occurs at the cenler and is given as:

M=

H=X

{t-a ..{6.26)

~{7vo
N~
|-
|
®@|

a
=X
2

S



*  Maximum shear lorce occurs al a dislance ‘&' from the center of the beam and is given by,

E[E_E]-.P_(E.'_a_)
=Tl\272)" T -(6.27)

*  The grillage beams are lhus designed for the above computed moment and shear. It should be
checked tor web crippling also.

6.20 Design of Built-up beams/plated beams
il asingla beam section is not capable of withslanding Lhe appfied loqd, then tuill-up beams are used.
General design procedure for design of built-up beams is as lollov:?s:'

A
Step-1: Calculate Z,,, from givenbeam by Z,,, = e
g, = 0.66 ly(lor WSM)
oy ‘
= L(forL
’ 1.1(r M)
Step-2: Zoy = Zoim + Zise
Ignoring %, £ lerms in Z,,,,. i.e.. consldering it as a line area
‘ %= Ad
A = Za = Ziwrm

o ﬂ

Note: [f boling/rivelling is done then increase plate area by 40-50% {lo take care of area of boll holes).

Step-3: Oy, = Calculated bending compressive stress

M
- ,_"‘YS%c

o

Step-4: From equilibrium consideralions

ey = T xE

Slep-5: Check tor shear

<1, = 0.4, (WSM)

ey = Dxt,

l
= T;1~1(LSM)

Wherc 0 = overall depth of beam excluding cover plates,

Design & simply supponted stesl bsam of effective span 1.5 m canrying 8

concentrated load of 240 &N at mid-spen.
Solution:
Concentrated load {al mid-span = 240 kN
Factoredload (F) = 1.5 x 240 =360 kN

- Factored méimurh moment () = % =360 xl"; - 135kNm
\\,,"f!' {)ﬁ
Bul M= Yo
= Z, = -Aﬁ-"’l':—-———-135“06’<1"=594x103mm3
ey 250
p——— b ———i |
Try ISMB 300 with seclion properties es follows: . %
‘ Overali depth {1} = 300 mm 1L
Flange width (b) = 140mm s s
Flange thickness {1} = 12.4 mm z ;; .
Webdepth(d,) = h-2{,= 300~ 2{12.4) l
= 275.2mm l '
1, = 8603 x 10* mm* I ]

: o Im _BEO3XI0T o 5 10° o
h =T Ry 150
Seff weight of beam = 0.4336 kN/m
. Factored self weight = 1.5 x 0.4336 = 0.6504 kN/m
-. Tolal taciored moment = 135 + 0.1829 = 135,1828 kNm

6504 % 1.52
Factored moment dugto = Q 8" =0,1829 KNm

Faclored shearforce (V) = 0.6504 x ‘_25. ,, ? = 180.4878 kN

Classilication of the seclion

' 250 {250 -
2 g E e = fe— =
: f. Y250

i

1

lﬁg =70 mm
2

Flange overhang (b)

2 = —?9- =5645<84d¢
I 12.4

2752 _ 36,693 <Bdc
75



Sectionin plastic.
Shear capacity of the section ;
' sheararea{A ) = ht, = 300x 7.5 mm?
led, 250 “7
A _ 250%(300x7.5) _ PO

V,= & = " -
3 Ym:‘-{é PR 93N =295.235kN
S 0.6V, = 06295235 = 177.141 kN '
V>08Y,
M= M,
=  Zoly !
Mp= My —RMg ~ M) s12—
< Tmo
Mdz .,z..‘l&.gjlgﬁ
o Tro
Zf, 65173 .
Now, Md‘ »-g-y—s.__fiﬁf.;zs_():nggxmswm ;
Yo 11 -
Z ¥] . ;
122 _ 1?25735x103x%3:156.41xjeﬁwm

o 1
M, = 14B.12kNm
o (_:i_g : ,-)* . (’2;18044878 X
v, =\"mE55 = (.0496
For doubly symmetric beam seclion, M, is oblained irom tabla 14 of i3 800:2007 as,

kL 1500
N7 52.817
o 300
Y =13 24,194
From lable 14 of IS 800:2007, :
1:!11 = 916 Nimm?

»» Design compressive stress

16
L= 204.5+-(209.1-204.5) = 20524 Njmm?

My, = My- M, - M) ,
= 148.12 ~0.0496(148.12- 1.156) = ﬂ-ﬁ'amm > 135,1829 kNm
) !

Check for deflection oy
N i ¢: B}
W (360x¢1000;1500F
- —_— =147 mm
48E7  4Bx2x10° x0503x 10°
span _ 1500
""—"—300 = 300 =amm
A span
B¢ 300

. provide ISMB 300 @ 0.4336 kiN/m as beam seclion.

Tha roof of a hall has the jollowing data:

Clear span=6.2m
Suppor! width = 150 mm
¢/c spacing of beams = 3.2 m
imposed load on beam = 10 kN/m?
Dsad load Including self weight of beam = 3.5 KN/m?
Assuming beam to be (aterally supportad throughout, deslgn the beam saction using steel of
arade F5410. The depth is restricted o 450 mm.

Solution:
Forsteelof grade Fed10, £, = 410 Nfmm?, £, = 250 Nfmm?
Factored deadload = 1.5 2 3.5 =525 KN/m?
Faclored liveload = 1.5 x 10 = 15 kN/m?
E cc spacing of beam = 3.2mm
. Unilormly distributed tolal load on beam
= (5.25 + 15) 3.2 kN/m = 64.8 kN/m

0.1 15
Effeclive span (f) = 6.2+ -2-5—+ 0—2— =6.35mm

6.35°
8

Faclored shear force (V) = GA.BxES—s = 205.74 kN

Plastic seclion medulus required,

=326,61kNm

Factored bending moment (M) = 84.8x

8 &
z . Mg - 326.61%10" x 1.1 mm?
oo, 1wd fy 250

= 1437.084 % 103mm?
-+ Depih is resisted 1o 450 mm,
= Try ISMB 400@ 604.3 Nfmwith z,, = 1176.18 x 107 mm? and
palance of plastic section modulus will ba lurnished by cover plales.
. Plastic section modulus required from cover plates
. Zn = zp.‘, teiqqd zpz ~
z | = 1437.084 x 107 -1176.18 x 10"
= 260.904 x 10° mm?

a
.. Area of cover plate A== 0 = 652.26 mm?

Let width of cover plate = wigdth of llange of I-section = b, = 140 mm

140
- Provide cover pidte o thickness & mm

= 4.659 mm < 6§ mm

6
Thickness of cover plate =




++ Plastic seclion madulus provided.
Zpr proe = 117618 x 107 + (140 x 6) {400 + 6)

T 1617.22 % 109 o :
Total depth of seclion = 400 + (G + 6) = 412 mm < 450 mm (OK)

For ISMB 400 @ 604.3 N/mm, the relevant section proparlics are '

Depih of seclion, h = 400mm

Range width, b= 140mm

Flange thickness, ;= 16mm

Weh thickness, f, = 83mm

Radius of root, R, = 14mm

1= 204584 % 10 mm¢ '
1, = 622.1: 10° mm*
Elastic sectionmodulus, 2, = 1020 x 10° mm?

Moment ol ineria,

Web depth, d=h-2(r,+ R) = 400 - 2 (16 + 14) = 340 mm
Classification of seclion
250 ’25
250
b, 14
Quistand ol flange, b= —2— =—=70mm
b 70
- = — =437 Ae(=1, =9.
T 5<945( 94x1=94)
d
= iio-aazdsse(-ssem 83.9)
w
Section in plaslic.
d

3,82 < 67e(= 67x 1= 67)

Mow: since .
=~ Web of beam is slocky and shear buckling check of web is nol required.

Shear capcity check of the section
Design shear lorce, V=20574kN
Design shear svenght of Ihe seciton

Ady ()0 (a00x8.9)250 "
‘/—7!1'0 J—Ym T dBx1d

= 467.13 kN > V (= 205,741 kN)

Check for highfiow shear
06V, =06x467.13= 28028kN> W= 205.74 kN)

Thus il is a case ol low shear and shear force will not efiect the momeni capcity of the beam section,

Flexural capcily check of the section.
', Section is plastic.

I\‘= 1

= Design bending sirength of ihe section,
szy 1x(1517.22x10%) % 250

Tm 11
> M(=326.61kNm)

2
1] 140%6° 400+8
fz,P‘cN = 20‘155.4)(10 +2[—12—1—140¥G 2
"R = 27382.016 x 10'mm’

g o laooy _ 27382016%10° _ ong o4 107 o
w! Ze= o2 [200+6) x

1220y 1-2"’329'23;’”03"250 Nm = 36252 ¥

m = 344.82 kNm

Here Z isthe 2, o,

tmo
1221,

Tt

'

Thus, M <

Delleclion check
-, Factared unilormly dislributed load = 64.8 kiNfm

64.8
»~'Bervice uniformly disuribuled load = T 43.2 kNfm = 43.2 Njmm

5x43.2x(6200)"
Maximum deflection, S = BBAx2x10° 27382016 % 10°

Maximum permissible deflection,

= 15.18 mm

8 8200 _ 5667 mm

Howie = 366 = 300

Thus B € S
= Seclion salislies the deflaclion check.

Check for web-tearing
Let sliff bearing length {,) = 75 mm
Also n, = 2.5(+ R,)—25(1G+14) 75 mm

. Strength of seclionin beanng

i
D R Al _ (B + i)y = (754 75)8. 9x 259 N
Tno Tan

i
= 303.41 kN > V{= 205.74 kN}

. Section is safe in bearing.

De5|gn a purlm ror an mduslnal roof lruss lor the lnlfowing data_

cfc spacing of fruss =5m
spanof truss =10m
slope ¢f truss = 20°

{0



c/c spacing of puriins = 1.5 m<

Intensity of wind pressure = 1.5 kN/m? '
welght of reofing materlal = 125 Njm?

Uss steal of grade Fe410,

SN . . . X
Forsteelof gradeFed10, £, = 410 Nimm?, f,=250H
Weight of roofing material coming 6n ona purlm
=%¥25x 15=187.5Nn
Let dtead waight of purlin = 00 Njin ' /{’

Tolal dead load = 100 + 187.5 = 287.5 N/m
Componenl of dead load along Lhe principal rafter of roof truss -
= Wsingd
. =287.55in20" = 98,32 N
im
Component of dead bad normal la principal ralter c! ool russ
: [ = Wsing
- = 287.5¢08 20° = 270.16 N/m
For maxinum wind load, it is assums to ast normal 1o 00!
Maximumwind load = (1.5 x 1000) 1.5 x 1= 2250N/m
= Totatioad normalto.purlin = 270.16'+ 2250 = 2520.18 me
~Factored load normalto puriin {Fr
=1.5x 2520.16 = 3780. 2‘
Faclored load paralle! 10 roo! {(H) e
) ) =15x9333 = 1475 N/im
-~ Maximum moment in the direction normal to purtin
i

PL 5
M= = 13730.24x5}xﬁ = 94506 Nm = 9.45 kNm
Maximum moment along the direction of principal raler

om o ML 147.54x5x5

"0 n = 368.75 N/m = 0.37 hNm

Plasto seclion modulus required,

M, d .
z = =2y :+2-5(-](M inn} ‘
rogd 2
e fy At o, MJ\\

Here. since b and d are not known and thus bas lo be assumed -
Coy

Let {SMB 125 @ 127.53 Nim is used. AR

o by=75mm

and d=125mm

. 9.45%10% x 1.1 125 0.37 % 10°

-~ L2 X x1.1
Zerwas = " agp 5{ }( 50 J

= 0.04158 x 10° + 0.006783 x 106
= 4836 x 10° mm? = 48,36 cm?

7 = 81.85 x 10° com® > 48.36 % 10° mm (= Zy . soga)
Z = 71.8x 1B mm®
- 1SMB 125 @ 127.53 tV/m lurnishes the required section modulus
Secklon properlias are

For ISMB 125,

h = 126mm b, = 75mm
f, = 76mm = 4.4mm
AR, = 3mm {,= 449 x 10* mm*
1, = 43.7 % 10 ram* d= 91.8mm
Classiflication of section !
250 '|250
_ = =1
=941 250
b 75
Qulstand of flange, b= E’-:—z- =37.5 mm
b _ A5 _ 4934 <9.4e(=9.4%1=94)
i 76
d 91
2 _ %18 _5086<639c(=839x1=839)
e 44

- Seclion is plaslic.

Check tha flexural capclty of the section
Design flexural capaclty aboul strong axis,

f
M, = Zo % —— = 81, 85x103 =0 Nmm=18.6 kNm
< Tmo kXl

1.22,,1,
1220ly 1 2%718%10% % 222 Nmm=19.58 kNm
Tma 1.1
1.22,,1,
M. = 9ASKNM <M, <- s
2 Yo
Design flexural capacity aboul week axis,
) Z, 4,
%" Taa

! 44 44 75-4.4\(75-4.4 44)
- ‘ = a8, 2= . G
. zp 2x(125x > e y ] ( > )[ 5 5
- 605 + 20121 = 20726 ram?

- Zoyly _ 20726x37 Nmm=4.71 kNm>M, (= 0.37 kNm)

L P
20.726%10° 3 3
ST = 11.6583x 107 mmy
Zy= " (7512) *

2 w107
Zp 20726x10 478512
Loy 11.653%10

({OK)



= 1.2haslobe replace by 1.5in 1,22,,!,,
Trto
152, |, 250
-y = J
Yia X11.653x 107 x <= Nm = 3.97 kNm
Thus, M, = 2ol afzzzge
T 11 NMM=4.71kNm >M, (= 0.37 kim)
I, 437x10°

Zom et
" B2) " (7ry T 888 10° mm?

Zey 11.653xao=”1'78”'2

= 1.2has 1o be replaged by1.5in EZ—.”—!.‘L
Tua
: 1520l 4 oxi 15250
‘Y.uu x11.653x 10 x-— Nmm = 3.97 kNm
Thus, M, > 1.5—= oy
& Trio
Bul ideally, M, = 152yt
o Turo .
My, = 397 kNm > M, (= 0.37 kNm) O
Chack for local capaclly of the section 0
M, M, M,
My, M.)y =1
M, M,
Hs e e My 945 pa7
Ma My, = 155" 397 - 0003 <1 ©
Check for deflection
5. = D W5 2520,16x10 x(5000)*

- Lo X U= (5000) "
384 EL 384 2% 10° x 449 10" 2284 mm
a Span  5000. '

O, =
' \ B WS T 180 T 180
- Seclion salisfies he detlection chegk,

=27.79 mm > 22 84 mm

Example 6.4 | Design a be
Design a baarmg plate ror ISMB 500 @ 852 49 Nim restmg o; concrel. support
€ supporl

250 mm "lick for a eaction of 190 kN. qu concrate of gr 54
LelFe 410 steel is used
=~ Fo Fed10, £, = 410 MNfrem? f= 0N, mme
| g v ‘ f '. o 25 i

Permissible bearing pressure on concrete
f,=045/,=045x30= 13.5 Nfmm?

Section properties of ISMB 500 @ 852.45 Nim are as follows:

h = 500mm b,= 180mm
i = 17.2mm 1= 10.2am
R, = 17mm i, = 452183 x 10°mm*
!y= 1369.8 x 10* mm? Z,, = 18087 x 10°mm?
Z,, = 207467 x 10°mm? d= 431.6mm
Areao! beanqg bl‘&le reguired,
Vil Ae f ’9?’3‘;‘3 = 14074.07 rore?

' Let width of bearing plate = Width of support = 250 mm

14 7
. Height of bearing plale required = Z? 0 =563 mm = 190 mm {say)

. Provide a bearing plata of size 190 mm x 250 mm
Thickness of bearing plate required,

2.75A2

o 180 102
where, n=?’——‘2‘i—R,-T-—-—-17=67.9 mm

[2.75x190x 1000x 67.9% B
=y 30% 350250 =14.24 rm=16mm

», Provide a bearing plale of size 130 x 260 x 16 mm.

A canlilevar beam of 1eng\h 2 m carries & factorad concentrated load of 21GkN
al fres end. Il seclion avallable Is ISMB 300 @ 402 N/m, design the flange plates if requirad.

Solution:

Faclored moment (M) = 210 x 2 = 420 kNm
Faclored shear [orce {V) = 210kN

For Fe 410 sleel, f, = AONmm?

© f,= 250N/mm?
i 250 _ {‘o’
i y s
Eb{rz&?
. 7
For plastic seclion, =1
- G,

z . MY .0 - 420=10 .<1.1= 1848 x10° mm?

oeas — Pyl 1x 250



Z, available with ISMB 300 @ 402 Nim,
= 651.7 x 18 mm?

- Cover plales ara required to provide additional plasti: section madulus
= {1848 X 1P~ 651.7 x 10%) mm? = 1196.3 x 10? mm?

11963 10%
K'e]
Width of flange of ISMB 300 @ 402 Nkn -

b, = 3987.67 mm? }
Lelwidth of iange plate = 380 mm

- Thickness of llange plate = 298‘3501‘ 13.29 mm = 20 mm (say)
Thus provide lfange plales of size 300 x 20 mm.
Thus plaslic secﬁon modulus of built up section, v !

Z Zpon MB ¢+ 2, prov. dzd by, cover plams
Cew 651 7 x 103-n300x20 %3202 25717 x 10° mm@
-~ Design flexural slrenglh o{ built- up sechon

*  Areaofeachcoverplate = = 3987 57 nm?

M= gg' 1x250x2571.7x 107 o '
Yoy RAR :

| =58A4BkNm
. > 426KNm
Design shear sirength of built:up seczicn.

-

V= ""\f 3(I}x75:v250N

J‘ s T Bx11
, | = 295.24 kN> 210 kN i
Also 06V, = 06x29524 = 377,14 kN
Now V> 08V,

Thus it is a case of high shear and désign fiexural slrengln has lo be raduced.
- My, = M- BM,- M)
l‘i i

2
2v 2
B= [ 1) [2x210 %] =0,1735.?“ l‘:
Y
R T

Vg 295.24

M,, = Moment 1o be resisted by flange alona,

300)(20:(250):320-& 140x12.4x250<287.6
1.1

= 5493 83 kNm
M, = 854.48-0.17857 (5B84.48 - 549.43)
= 578 29 kNm > 420 kNm

Nmm

(0K}

{OK)

(OK}

Example6 (W Asimply supported beamof span4 m (effeclive) is laterally supported throughout.
Lcafries a total uniformly distributed load of 35 kN Including s selt walght. Using steel of grade Fe410,

design the beam.
Solution:
Forsleelof grade Fed10, [, =:410 Nfmm?, {, = 250 N/mm?
Faclored load = 1.5 x 35 = 52.5 kN

1)
Factored moment (M) = (.LV_)__ 52 Sx = 26,25 KNm

w! 52 5
Faclaored shear force (W) = — = ——=26.25 kN
Plastic seclion modulus required,

My _ 26.25%10%x1.1

- - a
2 e = 7, 250 = 1155 x 10° mm3 = 115,5.cm

Try ISLB 200 @ 184.24 Nfm with section propenties as (ollows:
fr = 200mm b,= 100mm
t, = 7.3mm t,= S.4mm
A, = 9.5mm
. Dapth ol web, d=h-2(+ R)=200-2(73 + 9.5) = 166.4 m
- Moment of inertia aboul strong axis,

I, = 1696.6 x 10° mm*

Plastic section modulus aboul strong axis,
2, = 184.34x 1 mm?

€lastic section modulus aboul slrong axis,
Z,, = 169.7 x 10°mm?

€=y, Y250

b 19 oo mm
2 2

Classfification of section

Quistand of llange, . b=
-

2 752—68493<94c( 9.4x1=9.4)

g 1—2%4- = 30,8148 < 83.9¢(= 83.9x (= 839)

Section is plaslic.

= 30,8148 < §7¢ (=67 x 1 =67)

- Web is stocky and shear buckling of web is not required.




Shear capacity check of the section

Design shear lorco, V= 26.25kN
Design shear strength of seclion,
v, = _(200X5.4}x250 | _ 4971 KN > V (= 26.25 kN)
vf_ '(,,,D Vaxi
.+ Seclion is safe in shear,
Chack for highflow shear
0.6V, =06x141.71 =85.03kN > V{= 2625kN)
V<0BY, !

Thus shear force will not olfect the design moment capacily of the beam seclion,
Flexural capacity check of (he section

" The saction is plastic.

i BD =1

Design bending sirength of the section,

Zol,
= Bolacly 1(184.34x103]£5—0 Nmm
d e 1.1
= 41.895kNm
< M(= 26.25 kNm)
Also, 1224l 1ox166.7x10° x D °Nmm = 46.282 i
Tmo
122, 1,
Thus M, <« —ZL
Yoo
Daflection check
. ) 5 wi* 5 (35x1000)(4000)"
Maximum deflection, 5 = = mm = 8,596
™384 £7 T 384 2% 10°x1696.6% 10" m
Maximum permissible dellection,
! 000
R =1
vty = oo = e mm=13.33 mm
Thus, & e < Sss

Thus seclion is salislying the deﬂecuon check. '

Check for web bearing

Lel slili bearing length (b,) = 75mm
Also, N = 25(t,+ R)=25(7.3 +3.6) = 42 mm
. Strength of section in bearing,

A f'n tf, Xi
ALY, =(D‘+n‘) wi (15 anp> 1‘(%)_0_ N
v Tan (i) 1.1

="143.50 kN > V (= 30 kN)
~. Section is sale is bearing also.

{QK)

beam.

A boeam Is carrying the following forces:
Maximum flexural momant (M) = 155 kNm

Maximum shear force (V) = 220 kN
The span of the beam is 5.5 m. Using stes! of grede Fe410, design a suitable seclion for the

Solution:
For sleel of grade Fed 10,  f, = 410 Nfmm?, {, = 250 Njmm?

Plaslic section,miod Uius required,

‘ \'f!‘ z

M""’" =(155% 10"’)% om?

= 58? x 107 mm* = 682 cm?
Try ISLB 325 @ 422 81 I¥m with section properties as follows:
h = 325mm b,= 165mm
{, = 9.8mm {,= 7.0mm
A, = 16mm

Elastic seclion modulus about sirong axis
Z,, = 607.7 x 107 mm?
Plastic section modulus about strong axis,
Z, = 887.76% 10% mm?®
Depth of web, d=hn-{t,-R)=325-2(5.8 + 16} = 273.4mm
Moment of inertia about sirong axis,

1, = 98746 %10 mm¢
Classification of seclion

(@_{@=1
€=47, "Ves0

b,y 165

Ouistand of llange. b= —E~——2—~825mm
- 2 = 9-2-5-.-8418-1<94c[ 9.4x1=9.4)
) ] 9.8
’ {1 - 2;30“ - 30057 1> 83.9¢(= 539X 1= 639)
i : .

- As per Table (Table 1.4 of SKD), section is plaslic.

Nowr, : =38.571 <67 (=67 % 1 =67)
. Web is stocky and shear buckling check of web is not required.

Shear capacity chack af the section
Design shear lorce, V= 220kN



Deslgn shear strength of the section, N
v,= A My (sa5x7)zs0 x7)250
Brs —“’”\,{" = o N=29852KN > W= 220 k)
= Seclion is safe in shear.
Check for highflow shear .
. 06V,-08x29852-17911&N<V( 220 kN)
-~ V>08 ¥

Thusitis acase of high shear and design
seclion subjected o moment and shear.
Flexural capacily chack of the sﬁcﬂon
~ Itis 2 case of high shear and reduced bendmg capacuy M, is, ‘
: My, = My—P(M,-

2v 2 2x 220 2
1 -
(]
Plastic moment capacity of mewhola
web buckling effect, seclion disregarding the effem of high shear but considering the

lexural sireng;th will be Iess‘man the moment capacily of the

- Zady 697, 76x10% %250
Ymp 11

= 156.31 kNm
Seczionmdufusemange Zy=2Z,,-Ay,
L

= 687.76x10° - (325 7) 325
1

o = 502,92 x 103 mm?®
kA tic design moment capacily of the section excluding the shear area

f
fdly 2 !
Mg= J0=50292%10° xTSTONmmﬂ 14.3 kNm

. My, = 84,- B, - M, )
= 156.31- -0.2246{156.31- 114, 3) ;‘ﬂ»\
= 146.87 kNm < M (= 155 kiNm) -
= Seclion s not safe in bending. S
Thus seclion needs 10 be revised, -

Try ISMB 350 @ 514.04 Nfm with section propertias as {ollows:
B = 350mm k

b =1
b, = 142mm :’_ 8410mm i
R, = 14mm ;’: 1' mm \
Z,, = 719x i mm3 °7 3% 10" my
Depthol web,

G=h-2{,+R,)=350~2(14.2 + 14) = 283.6 mm

Classlficatlon of secilon

Quistand of llange, b= ?’ = l‘;—o =70 mm
b 0 4.9296 < 9.46(=9.4x1=9.4)
142
g

= 2?3316—36247<839c( 83.9x1=83.9)

Fad

», Section is plastic. )

o

Also, = 26,247 < 67¢ (=67 x 1=67)

~

w

Thus web of tha section is stocky and buckling check of web is nol required.

Shesr capacity check of the sectlon
Designshearforce, '~ . V.=220kN
Design shear strength o{ lhe sechnn
T AL htd,  (350x8.)x250
‘\r'{mn -JE Yoo B \ﬁ %11
= 871.99 KN > V(= 220kN)

- Section is safe in shear. o
Check for bighflow shear

0.6 V; = 0.6 x 371 99 = 223.19kN > V(= 220 kN)
V<08V,

.~ llis a case of low shear.
= Shear will nol effact the design moment capacity ol the section.

Flexural capacity check of the seclion
--Seclion is plaslic.

b=t
PoZply _ 1%883.57x10° x 250

M= —t T Nmm

]
= 202.18 KNm > M (= 155 kNm)
f1.22
e:y - 2!779)(10 X250 21245|(|\hl
Tmo 11
. 1224,
My= Tio

. Seclion is sale in banding.

Check lor web bearing

Let still bearing length, b, = 75mm
A, = 25(4+ AY=25(14.2 + 14) =705 mm

(OK)




.~ Bearing strength, £, = (b+m)

[ 8.1x 250
=(75+7085) """ n
Yo ( ) 1.1
= 267.85kN > W= 220 kN
-+ Sectionis safein bearing.

Check for wab buckling

PO sod - i )
As slaled eariier, - <87 and thus check lor web buckling is not required. Hera this check is made

w

of verity this.

b=75mm

by = 75mm

Stilt bearing lengih,

xX= glaﬁ‘ﬁ" =175 mm
~ Bearing arca, = (B, +x) 1, = (75 + 175)8.1 = 2025 m? .
Eflectwe lengh (i.e., daplh) of web
=kl =07d=0.7 %2936

= 205.52mm
Efiective moment of inertia of web,

bl 75x8.1?
7 Pt} = —_— =
=5 2 3321, 51mm*
Effeclive web area, A, = bt, =75 x 8.1 = 607.5 mn?
_ , [},,,. R [3321.51 B
+. Radius of gyration, “Va, Vews - 2.338 mm
. L _ 205,52

-~ Slend s ral =

enderness ralio, A= r ? 338 87.904
=~ For = 250 Nfmm? '
and

= 87.904 and buckling curve’ c design compressive siress
fg = 124,14 Nfmm?
- Web capacily ol section,

Fao = Ay (5= 2025 X 124,16 N = 251, 38 kN > V (= 220 kN)
< Seclion is safe is web buckling, R |

2 ObECaVe Brain TeARers)

0.1 Purlins as per IS : 800 are designed as
{a) Continuous beams
(b} Simply supported beams
(c} Canlilever beam
{d} Noneofthese i

6

Q.2 The maximum permlsslbie defleclion of sieal Q.8

beamsin buﬂdtng‘% thanindustria) buildings
is limited to

{a) spanf250 {b) sparv300

{c) spar/180 {d) span/s00

Q.3 Malch Ulst-l with Uist-ll and select the correcl
aption using the cedes given below;

List-1
A B,
B. Imperfection lactor {a)
C. Non-dimensional slendermness ralio
D. Torlional constant
f
17 Q.7
ah
Z
2 Z,
0,21
1o
4. '—3—
A B C D
@ 4 2 1 3 Qs
y 1 2 4 3
© 3 4 2 1
@ 2 3 1 4 .

Q.4 A section is required la be designed as high
shear case in case factored sheaf forceis
{a) lessthan 0.6 v, Qg
{b) more than0.6 V
(c) lessthan0.4 V,
(d} fessthan 0.8 V,

Q.5 Foran/-beam, web-bucklingis less critical than
flange buckling because

{a) web can develop part bucking sirength

(b} edgeconditions of lange are more favorahle
for buciding

{G) webis thicker than llange

{d) flange is thickner thanweb

In beams of low shear case, the design flexural

strength delermined by 3, ZLI!. is limiled io
ma

1220 for simple beams because

) commencemento!plasucaﬁyunder working
loads is prevented

(i) Yierd does not occur at working loads

{iil) Lateral-orsional bucking is pravented

Ot the above slatements, the correct one{s) isf
are:

{g) ()and{ii} (b} (i) and {ily

{c} {ii}and (il {d} (tiyonly

Thelaleral restraini provided at the support for a

lalerally supporied beamcan be provided intie

formof

{a) webcleats

{b} partial depih end plates

(¢} contnuity with adjacent spani.e, continuous
beamn

{d) anyol Ihe above

The problem of web crippling in beams is
signilicant when

{a) web is weakunder concentrated loads

(b} there is too much flexural moment

{c)} compression ilange is weak

{d} allof the above

As per Indian standard codal requirements,
beam shoultd be )

{a) rolled to have maximum Seclional modulus
{b) plastic or atleast compaci

. {c) ateas! symmelrical aboul ane axis

{d} allofthe above



section is
{a) 0.21 (b} 0.42°
{c) 049 {d) 0.35

Design a beam of span 9 m canrying auniformiy
dislributed load of 15 kN/m, The depth of the
beamis limited to 400 mm. Use steelef grade
Fed10. v

Design a channel section purlin foramnduslnal
rool with following dala:

C/C distance between the trusses = 6 m
C/C disiance between the purkns 14m
Inclination of roof surtace wxlh the honzomal
=2F

Weight of GI sheets = 130 Nfmm? .

Windload notmat to the roof = 1200 kNjm?
Useslesl of grade Fe410,

1.

8) 2. ()
6 ()

5. (a}
10. {c)

4. -"
9. (d)

3 3‘“ t
8. (a)

7. {d;

Gal Praciica: il CHEonag

..14&3‘:1}%4 1"?4;1

Q3

Q4

Q5

Des:gn atido span conlinuous beam 10m fong
with eachspan being Sm. It supports a uniform
load of 50 ki/m. Usa steel of grade Feq10.

ISMB 600 @ 1202 Nfm transmils an end
reaction of 200 kN on 230 mm thick masonry
walis.Tha allowable bearing stress in lhe
masonryis9N/mm?, Design istotable bearing
clate,

Design a ixed end beam of span 5.5 m loaded
unlformiy with a service load of 12 kN/m.



