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1.4

Steel as a Structural Material

Advantages of steel as a struciural material:

(a}
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As compared to other siructural materials steel has high strength lo weight ratio. [t implies, sleel
possess very high skength and resulls in smaller seclions as compared to other structural materials.
Thus steal is particularly usetul tor carrying heavy loads with relatively small sections.

Being light, steel can be handled conveniently and thus it offers ease in lransporiation.

Another Importent property of slealis that itis duclile. Dus to Ihis vary uselul property it does not fail
abruptly but gives ampte warning by yiclding before aclual collapse of the siructure.

Sleel possess very high strength also due lo which it does not undergo fracture due lolarge defonmation
and ereclion stressas,

Steel has a very long life when mainlained properly.

Retrofilling of steg! structures is quite easy as compared lo other matarials like RCC, limber, martar
elc.

The resale value of steel is also vety high amongst all building malerials. Moreover, steel can be
reused also.

Disadvantages of stesl as a slructural malerlal:

(@

(b)
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(e)

Steel when placed in exposed conditions is prone Lo corroston. Thus steel struclures require proper
proteclion measures (o be adopled rightirom its manufacturing.

Steel is prone lo fire and ils strength reduces considerably due to high lemperatures and thus steel
sltuclures require stparate fire-proof reaimenl which ullimately adds to the cost of the structure.

Steel structures when subjected to cyclic loading (like lurbo-generatars of power plants elc.) and
reversal of stresses undergo fatigue. This fatigue resulls in reduction of the sirength of Ihe steel.

Under certain condilions particularly al localions of slress concenlrations, steef may lose its ductiliy

‘which gets enhancad atfow lemperalures and under faligue toading.

In steel construclion, the designer is not having oo many options as in RCC as far as size of the
seclion is concerned. The designer 1s competled (o use \he availabte standard rolled sections.

BIS classilies structural sleel on the basis of its ullimate strength or the yigid sitength. The chemical
compasilion, rolling methods, heal trealmenl and stress history etc. of steel determines its mechanical properties.



Some of the mechanical praperiies of stesl are:
(a) Modulus of elasticity or Young's modulus {£)

(b) Poisson’s ratio {n)

(c) Shearmodulus{G)
(d) Mass densily {p)

2 x 105 N/mm? = 200 kN/mm?

Elastic range 0.3
Plasticrange = 05

(e) Coellicient ol thermal expansion {«)

1.2

Rolled Steel Sections
The Bureau of Indian Standards {BIS) publishes IS Handbook No, 1: thal tabulales weight per unil

0.77 x 105 Nfmm? = 77 kN/mm?

7850 kgfm?
12x10°°C!

tength, geomelric dimensions and olher dimensions for various lypes of steel sections.
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{a) Rolied -soction
(Beam and Columns)
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Square hollow
section (SHS)
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Squar Circutar
{NBars

Commonly used seclions are:

{a) Mol rolled steel )-section Fig. 1.1 {a)

(c) Hol rolled steet angle section Fig. 1.1{c)
{e) Hol rolled stecl ube section Fig. 1.1(e)
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Fig. 1.1 Rolled structural steel sectionalshapes

(b) Hot ralled steel channe! seclion Fig. 1.1(b)
(d) Hot rolled steel tec (T) section Fig. 1.1{d)
{) Hot rolled steel tars Fig. 1.1(f)
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{g) Hot ralled steet fiats Fig. 1.1(g)
Hot rolled sleel sheets
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{h} Hotrolled sieel plates Fig. 1.1(h}
{i} Hol rofled steel sirips

Designation of Some Indian Standard Rolled Steel Sections

Indian Standard Junior Beam

(ndian Standard Light Beam

Indian Standard Medium Beam

Indian Standard Heavy Beam {mostly used as column seclion}
Indian Standarg Wide Flange Beam

Indian Standarg Junior Channel

Indian Standard Light Channe!

Indian Standard Medium Channel

Indlan Standard Special Channel

{ndian StandardJunior TBar

Indian Standard Normal T Ber

Indian Standard Wide Flange T Bar

Indian Slendard Long Legged T Bar

Indian Standard Light T Bar

Indian Siandard Angle {both equal and unsqual legged)
indian Standard Bulb Angle

" Indian Standard Round Bar

Indian Standard Square Bar
Indian Standard Plate
Indian Standard Flat

Indian Standard Sheel
Indian Standard Strip

' 2
Remember: All standard I and channel seclions have a slope of 18:-3-56 on the Inner face of the fiange.

122 Slgn Convention for Member Axes
«  Longitudinal axis i.e. axis along the member
Axis in the pl{ane of the cross section which is:

XX
¥y

z-Z

{a) noimallothe flanges [Fig. 1.2(8)] Yo, 7
tb) normaltoihe smaller leg in angle sections - S A
(Fig. 1.2(b)] T
Axis in the plane of the cross seclion which is: T ,H'—‘“:‘
(a) parallel o the llanges [Fig. (1.2({a)] v Y
(b) paraltel othe smaller leg in angle seclions 2} &}
[Fig. 1.2(b}] Fig. 1.2 Membor axes notation
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-y Major axisin case it does not coincide with the z-z axisfFlg. 1.2(b}]
v-v  Minor axis in case il does nol coincide with the y-y axis [Fig. 1.2(b}}

1.3 Local Buckling

*  Most of the strucwural sactions whather hol rolled or cold ro! lled are made of p1axe alemants be it
channal section, angle section, T-section, I-section and so on.

+  Theseindividual plate alements ara joined togetiner to form the desired seclion.

+  When any of lhese seclions is subjected to ccrnpressiv'a: syesses {direcl compressive strass,
flexural compressive siress efc.) 'hen stability of its compofient plate elements must be ensured.

*  The thin plate elements may buctie locally out of their original straight plane when subjected 10
compressive siresses. .

»  Locat buckling adversely afffiets the load carrying capacxxy of tha section. Buckiing aftects the
strength of section in the 1ollmng ways:

{a} Buckling may lead {o overali {3 lure of the structure rendenng me plate slement to be inefiactive.

{b) Buckling may give dse to rechslnbul'cn of siresses and thus affacts the load carrying capacity of
the sectlion. o 2
The effect of local buckling of pfate eiement an the sirength of the whale structure depends on the
location of buckled element, its buckling and poasl buckling characleristics and the type of slructural member.
*  For uniform compression and pure bending, the critical slress.is given by,

2
Kn'E A1)

¢  For pure shear, the crilical strass is given by,

Kn’E
T = ——-————-5 ’ {1.2)

i2fi-u?) £

K = Buckling constant which depands on the support conditions and rasio of lengthto widlhof
the plate.

b = Width of the plale, { = Thickness of the plate l_

E = Modulus of elasticity of sleel i.e. Young's modulus, p= Pm.ésons ratio

FromEq. (1.1}and {1.2}il can be deduced that fundamentally there | showl!erence between the buckling

phenomena as represented by these lwo equations. In case of pure shear, bL.ckhng lakes place due toinclined
compressiva-siress which iries 1o create diagonal compressive waves inthe plale. !

Where

1.3:1 Prevention of Local Bucldiﬁg

The local buckling can be prevented by adopting a higher (hicknass valua [or the plate element. 1S
800:2007 puts a linit onwidih to thickness ratio of component steel plates of the section asgiveninTable 1,7,

Table 1.1 Lmiting width-to-thickaess ratio

L "~ . Clags of Soetlon .
Ratlo | < Glasg1 ] ciass2 | - Clissd
2, ; . © { Plastic - ) Compact Soml-Compact
e on e | o =ecton i, 9.4c 105¢ 15.7¢
Wolded section o, B.4c 9.4c 1360
niamal ol 1 of | Comp. due to bending bit, 293c 33.5¢c
comprassionflange | Ao comprassion ity Not applicable 42c
Neutral axis at mid-doplh|  d/f, B4c 105c 126¢
Yiob of o L bos Is, Is negative| i, 15;‘5,1 1"15:'
Gonetally|lf 1 Is negalve|  ai, | butsd0c 11"15;" 1’33"‘2
but <40e bul 5 48c
Axial compression dit, Not applicablo 42c
Wb of a channe! dir, 42¢ 42 42¢
Angle, compresslon due to bending (beth - 94¢ - | 105c 15.7c
arileria should bo salisfied) s Bac 1052 1S.7c
Single angle, or double angles with the hit 18.7¢
mmponenls separated, axlal compression dit Not applicable 15.7¢c
{All three eriterin should bo salisflod) (b + dyt 25¢c
Outslanding leg of an angle In conlacl back-to-
ina double angla member
ﬁslmding og n:( an ongle with Hs back ou 10.5¢ 157
-| In continuous conlaclyith ancther componont
Stem nf a T-seclion, rolled or cul from a milled T Dt 84c 9.4c 18.9c
orH-sedion
Circulnr hoflow lube, Including welded tubs
subjodedla:
{a} Momant Dit 4! 52¢7 146c”
{b} axlal compression Dit Not applicable sac’
Circylar hollow seclion mmproqslon due o ot 42c° 520 a8’
ding
Mix-rolled rectangular | Flange; compression 29.3c 335¢c 42
hollew secllon (RHS) | duata bending
Web: neulral axs al | ot 67.1e B4c 125.9¢
mid-depth Generally at |64 +06 )| BAcIar) | 125.9u00 427y
bul <40c but <40 bul <40¢




NOTE -’_lsam 2007 specilies o fimit spminimum thickriess requirement of stee sections but however

1.4

usa:l in sleel design and conslryclion, Thrs minimum !hickness 15 requured for Befter perfcxmanca
.underadverse environmenlal condilions. In addition tothal, ste-el in conlact with waler and soil
and lhose sub;ected toallernale welling and drying. an addmonal lh|ckness of 1.5 mm shovld
ba provuded .

'.'_a mifimum lhlckness of 6 mm lor main members and smm {or. secondary mem bers must be

» [ntemal Elemenis: These are Ihe elements which are allached along both the longitudinal edges to
other efements or to the longitudinal slitfeners connecled al adequate intervals to the transvarse
stilfeness e.g. webof l-seclion and llanges and web of box sectian.

»  Quistand Elemants: These are also called as oulstands artd are.‘a!iached onlyloone of the fongiudinal

edges lo an adjacenl element and the other edge is being free Lo get displaced out of its plane e.q.
{lange overhang ol an I-section and legs of an angle seclion.

Classification of Cross-section -
*  The phenomenon of local buckling imposes a limit 1o the extent 1o which $eclions can be made thin

vealled.
My ,T/r——-.———
i ;

Relation i

Momernt, M

=3
N

Flg. 1.3 Elastic-plastic mament rotation curve

*  The classilicalion of cross-sections is done on the basis of moment rolation charactenshcs as
shown in Fig. 1.3 assuming that (he flange or web plate does nol buckle locally.
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% M, A c'gm;;\ ; \ ~ Compad: #,= 2,4
2 gs""“‘“""“ﬂ (d‘;“ o ; ,(;.?:su;] Som LMy =2, 6

(class ) ) ! Slander: M= 2, 1,

at

L 2, = plastic section modvius
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Fig. 1.4 Momentrotation characteristics of four closses of cross section

* ltis essential lo classily sections on the basis of their lendency lo buckie locally belore overall
{ailure of member takes place.

1.4.1 Basis of Sectlon Classification

{a} The plate elements of tha cross section being thinmay buckie locally about their wealk axis especially
due to compressive stresses. This local buckling can be avoided bafore a limit stale is reached by
limiling the width to thickness ratio of each element of the cross section subjecled lo compressive
{oad, moment and shear.

{) When plastic analysis is used, members musl be capable of forming the plastic hinges with sulficient
rqlation capacity {{.e. duclility) without local buckiing to enable ihe redistiribution of bending moment
raquired belore formation of tailure mechanism,

{c) When elaslio: aina’lysis is used, the member must be capable of developing the vield siress under
compressnon without undergoing local buckling.

Elased on lhese cpﬂ erations, four classes of sections are mentioned in Table 1.2.

Table 1.2 Cross-section classification and their charaaensm

S.No.| Typos of Sactions Charactoristics
1. Pinstic * Cioss soctons, whichean daveiop pl.ssachlngas mdlwmﬁwmlam capautywmd
(Class 1) for faBurg of tho siruclum by d glaste
Thesa sections arousadin pms(hnmfﬁls:lrd design.
* Thoss & A}  — D[. o collap b
. ‘nwsbuwdhu“ jonfor thoso seclions s roclang
2 Compact * Cross sedions, which can dowbp ploslic momenl of resistanco, bmhm ) ingdoguato
{Closs 2) plaste Kinga k of a plastic g &g
E mferred lo nsmnpactsccﬂ ons. :
« Theso ooss sections may d p full plasbic sloss L the entiro cross-

soction bu‘donothnwndcquamdmumy

& For o scction 1o b its must havo widih-io-thicknoss
rolios pqual to oriass thanthe imiting valucs g!wn?nTaun 1. Thass can bausod for ol
thasincluralelements.

« Thostross distribution for thesesections s rectangular.

Somlcompact « Cioss soctons, In which thg fber in ipression <an roach yleld stess
(Class 3} {assuming an olastic dcslnhuuan of stmss). but cannol dmhp thv plustic momenl of
ndualsk
¢ The yinld stross roachas only Ih some pans of tompmssim glomenis boforp buckling
ocans.

» liisnot copobla ofreaching o fully plnsticstress distribation,
« Thesa sectons are used in elastc design. Tho sirgss distnbution for such sections s

trlangular.
4. Slendor » Cross sactions_ in which tha clements buckle focally pven beforo the attainment of yield
(Class 4) stross arp classed as siender sedions.

» Thoso seclions Org used in coki-formed mambors and de not comply with !M'
requiromenisol Table 1.1.

i* Tho offective Section for design shoukd bcmlculamd | by deducting width of comprossion
pL‘llo f in f the seml

1.5 Modes of Failure in Beam

{a) éending: The gravily loading gives rise to bonding of beam. This causes longitudinal stresses o
be developed in the beam. As the bending moment incréases, these floxural siresses increase
further (ill they reach yicld sleess. At cerain point, eitiser the steel yields in tension andfor yields in



- compressicn. At Ihis stage of loading, the beair seclion becomes plastic, fails by formation of a
plastic hinge at the location of maximum momen! baing induced by the loading. Fig. 1.5 shows the

‘various stages in a beam bending 1ill failure.

Elastic Elastic Partially plastic Fully plmuf:
Boam rempins siraight Boaom mmarrs s!mlghl Bopm remalrs slightly Piastic hinoe formed
when unfcaded bont when unlaadad
f<l, “
<l . o q= 'r'
Echwwkf N W“‘ point Paﬂ!alry nlusl!e Fully plastic

e
e

" Sireases with incronslng bending mema! m.

gl conirg af spoan

-

{b) Local buckling: During the bend!ng process, il the
compression (Ianga ora pan of the web subjected
to compression is too thin'lo lake any appreciable
2amount of comprassion then the plate may fail dus
to buckiing {or nppﬁng) gven before the full p!aruc
moment s reached.

{c) Shear: Generally in perlions near lo the supporls,
very large shear exists. In this case the beam may
{ait in shear il the web is not of sulficient thickngss,
Formation of plastic hinges accompanies this
process as shown in Fig. 1.7(a).

{d) Shear buckling: Duting the shearing process, il the web is toc thin then it is prone lo get fail by
buckling (or rippling} as shown in Fig. 1.7 {b) & {c).

ng. 1.$V¢:Iousstages oIbeam bendmg‘rat!u{e

Fig. 1.6 Localflange buckling falfure

{m} )

(e}
Flg. 1.2 Shearand shearbuckling failure (o} shear faiture, (b) shear buckling

{8) Web crushing and buckling: Because vary high vertical siresses act on supports and al location
of point loads, Iha beam wab may gel fail by crushing or buckling as shown in Fig. 1.8.

Cmmng

F@. 1.8 Webbuckﬂngandwebbealingfan!ure:

{f} Lateral {orsional buckling; This type of lailure -

occurs when the beam has high flexural stillness in
the vertical plane {i.e, In the dircction of gravily) as
compared o lhe horizontal plans. The beam has a
endency 1o deflect sideways,

*  Forexample, a loaded canlilever as shown In Fig.
1.9 will deflect and twist in the sideways direction.
When this beam is prevented from daflecting
sideways Dy a lloorfslab construction, the beam is
larsionally restrained. Il Is essenlial lo check (he
slabifity of beam in the lateral direclion also. A
nominal amount of torslonal restraint is assumead to
exist when web of Ihe beam is connecled through
cleal angles, end platgs elc. as shown in Fig. 1.10.

A

Dastabitzing load

Root of cantblover

End of conlilaver

Flg.1.9 Loteral loaionélbuckﬁng ofcantilever

Y

(B

L.

-

] .

{a} Y¥eb ceat (b} End plate

{c) Fin plata

.F!g.f L. 10 Nominal torsionat restraint ot beam support supplied by
: {a) web cleats (b) end plate () fin plate

(g) Dellection: Ilis quite practical thal a beam may nol get fail due 10 excessive defleclion bul on the
olher hand loo much deflection can lead to d»scomfon 10 Ihe occupanis along with stripping off of

llooring, finishes etc.

1.6 Loads

*  These are (he forces that acl an a situcture.

*  Loads are in lact action on a struclure due (o which a structure responds (i.e. reaction).



1.6.1.

1.62

1.7

1.8.1

1.82

1.9

»  This action acting on the struclure may either be direct action or Indirect action,

Direct Actlon

*  These lpads act directly on the struclure and include dead loads, live loads, snow Ioad, wind load
elc.

*  The intensily of these direc! aclions has been described by various codesfstandards fike in india,
we have IS 875 part | {o V for dead load, live load, wind load, snow load and various possible load
combinalions respeclivaly and IS 1833 lor earthquake load.

Indirect Action 7

*  Many a limes loads act on the slruclure indireclly like due to temperature change, selllement,
delormations alc.

«  Theseindirecl loads also need lo be laken inlo ac::ounf in the desngn process.

Reactions Due to Actions on Structure

»  As perlimil slate melhod of design, the slruclure is required to satisty the limit stale of serviceabilily
as well as limil stale of collapss.

= Aslnucture needs 10 be assessed for the elfects of design loads (aclions) including its individual
members and cannections.

¢ This analysis is done either by using elastic or the pastic melhod of analysis.

Design of Steel Structures

»  Errors and uncertainties gelinvolved in precisely assessing 1he probable loads thal will act on the
slruclure and Lhe struclural behavior of the materials.

s Tne various struclural design requiremant criterla relate to corresponding limil stales and thus the
design of siructure 1o comply wilh all the essenlial requirements may be called as limit state of
design.

»  There are two design criteria viz. Ihe sirength design crileria and the stilfness design criteria,

Strength Design Criterla

»  These are related 10 possible modes of failure of a structure due to over loading and/or understrength
condilions.

= These design crileria are concerned with yielding, buckling, (atigue, brittle fracture comrosion.

*  The maijor design philosophies under these crileria are the working stress methad, ullimate lead
method and the limil state melhod.,

Stiffness Design Criteria

» These design crileria are ralated 1o serviceability of he siructure under working loads and are
prominanlly concerned with ensuring that structure has sufficient slitiness that may othenwise lead
to excessive deformations including defleclions, distortion, sagging elc.

Limit State Design

= Inthelimil state design of structures, all conditions are 1aken into account thal makes the structure
unlil lor use. )

e This limit siate method of design considers all the relevant condilions periaining 1o limit states of
, strenglh and serviceability.

» Tnestrength limit states are based on load carrying capacity of the slructure whichincludes buckiing,
faligue, fraclure elc. Serviceabifity limit slales are based on performance of the structure under the
aciual application of service loads and includes defleclion, vibration, corrosion, ponding eic.

« Theloads al working conditions are factored by the use of parlial salely faclors for loads resulting in
faclored loads/design loads.

« The normal sirength of the matertal is called as its ullimate capacily and the corresponding design
strength gl,lhe material is obtained by dividing the ullimale capacity with the partial salety faclor.
Thus He menber so designed mus! meet the basic criteria as

\',#" Designaclion < Design sirength

.- Remember: The seclion designad must salisfy the serviceability criteria over and above the sirength criteria.

1.9.1 Advantages of Limit State Deslgn
(@) This method recognizes thet design paramelers are variants.

{p) This melhod logically deals with the fact that there exisls always a possibility of variations in loads
and malerial properiies.

{c) This melhod gives diffarent weighlages to differant loads and rr:xaleriaié

192 Disadvantages of Limit State Design

¢ There is a likellhood of design errors because of more comptex theory which are not so In the
working stress mathod of design.

»  Limil stale method of design is {ar betier than other design philosophies.

NOTE: IS 800 : 2007 is the design code for tha structures which is based on limit state method of design
however it slill maintains the working stress design approach.

193 DesignLoad

*  The designload in LSM of designis oblained by mulliplying the working load {called as characterislic
load) with & partial factor of salety and Ihe resulting load is called as Iaciored load or the design
load. Dilferent design loads {i.e. dead load, live load, wind load, carthquake load elc.) are then

1 combined under (he mast severe but realistic conditions.

194 Design Strength

= Thedesign sxrength ol lhe materialis oblained by dmdmg the characterislic sirength of the material
by a suilable partial [actor of salcly.

«  The design strength of each material {and their connections) must be such that the mosi severe
combinalion of design loads musi not cause faiture,

« [tmusi also be ensured thatthe struclure is stable againsl overlurning, sway €lc.



{a) ISLB 350 @ 472 N/m (b} ISHB 400 € 806 N/m '
{c) ISMB 450 @ 710 N/m (dy ISA80x80x8
Solution: O .
Forfed10 {, = 410 tyfmm?, £, = 250 Njmm? o
{a) ISLB 350@ 472 N/m ] .
b= 165 mm, f,=11.4mm, h, = 2883 mm, f,= 7.4 mm ‘
i h -~ b
250 [250 3
2 fe— e = ] . :
€ \f 7, V250 I I
.. AR ——
165
P’—z = ___1_?_,_ 7.24 <9.4e ' Thus llange is plaslic.
1 11,4
: ?l = 238;3 38.96 < 8de SO Thus web is plasic.
T B
Thus the section is plastic. i
{b) ISHB 400 @ 806 N/m
b,=250mm, 4 =127 mm, h, = 3401 mm, 1,=10.6 mm
covob2 = 250}2_934 10.5¢ -- ., Thusllange is compacl.
- t: : 12.7 B A
RO > 94e
hy _ 330.1 . .
—_— T e— i - | .
& 06 32.085 < Bde - Thus wab is plaslic
Thus seclion is compact since among plastic and compact seclions, compacl seclion is crilical,
(c) I1SMB450@ 710 N/m '
by= 150 mm, §,= 174 mm, [, = 8.4 mm, h, = 3732 mm
%@ = 115—79:—2 =431<9 de Thus flange is plastic.
Ly = ane =40.34 < Bde Thus web is plaslic.
t 8.4
Thus section is plaslic.
{d} ISAB0x80x3
b=80mm, d=80mm, {=8mm
E = 'ﬂ—q =10<10, 5E
t 8
9480 i0<i05e
t 8

("_’”"_zé‘}g_&?:zocgse

{
Thus seclion is compacl.



