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{ntroduction

A compression member is the one which carries predominantly the opposile compressive [orces on
the lwo ends.

Ideal Compression Member: An ideal compression member is (he one which is parfeclly siraight,
has no crockedness ar the imperlection; the loads are applied uniformly acrass the seclion with
center of gravily of the loads cainciding wilh the cenler of gravily of the compression member.
Howaver such anideal compression member never exisis in practice.

Different Types of Compression Member

Column, stanchion or post: This type of compression member supports lloors or girdars of a
building and usually carries very heavy loads.

Steut: 1t is tightly loaded compression member used In a lruss and is usually of small span. A
typical sirut may be continuous or disconlinuous. A continuous strut passes over mora than one
joint (apart from end joints) like top chord member of alruss bridge, principal raller of rool lruss elc.
A dlscontinuous strut spans between lwo and joints enly fike the vertical or the inclined compression
member of a lruss.

Boom: It the compression member of a crane,

Design Aspects of Compression Member

~ Inthe design ofia compression member, stability plays a very indispensable ole.

By the lerm stabilily in a compression member, we usually mean buckling.

Among the (hree types of equilibrium viz. stable equilibrium, neulral equifibrium and unstable
equilibrium, Ihe unstable equilibrium is the most unlavorable since here in this equilibrium, a slight
dellection produces further large deflaclions leading Lo complele collapse of the struclure.
Compression members are Ihe case of unstable equilibrium since cven a slightly bent compression
member when placed in a struclure may undergo significant bending which is not the case wilhy
lension members where the benl member trics 10 siraighten on applcation of lensile foree.
Column design also depends on the langlh of the member while for designing 1ension member,
length doss not play any signilicant rale.



* Based onlenglh, column may be long/slender, intermediate or short. Whethar a column is fong, Rostrained | Fros Restriingd | Free ix——.«::f 101
intermediale or short is defined by ils slenderness ratio. Il

*  Asthelengih of the column increases, the tendency of buckling increases provided compressivg 17 ------------- E

load acling on the calumn and cross-seclional area remains constant., Roslrained | Resirolned | Free Rostirainod

Table 5.1 Salient features of failure in columns

S.No.| Typo of column Falluro looture . . Rostralned | Rostrined | Restmined | Froe !~/_._.E 881

5. | Long @ Due 16 clastic bucking, " P T
@ Stress i he column wilt not oxcood propertandd lirmit and Is Reslrined frilncd | Rostrinod | Restrminod | F_o”” S 065L
mueh kvrer than this limit oy -] E
. lemodi ® Duoloinalasiic buckl elding+ buckling) and floxura! Agidity El T -
7 | Irtemodito changos con\:muuyyng Weicing W’ it "f ' Table: 5.3 Effective lenigths of struts
L :Eux"l:ne;m{;g:;oadws tha ylefd poinl whila stass in 3l olhar fibras - - — - - T Etfactive fongth
i SHNol Type. |- '--  Soctlonz < intheplane | Porpendicular
3 Shart ® Dualoyielding (crshing) i ‘ . ofgussot | tegussot -
® Axial shortaning of columnocturs L it gols crushod, - T
1. | Continicers Singlo or doublo angla ! O7L100L | 000
5.4 Effective Length 2. | Discontinuous| “Singlo-angis connactod with ona bolt 1001 1.00L

» Compression member on buckiing deltecis in a type of curve the shape of which depends on the

3. | Cisconlnuous| "Single-angie connested with [:3:C3 8 1.00L
type of end conditions ol the column. maro than one boit of woldod
* Ineach ol lhe comprassion member there is a part of compression member which dellects as i i ) 4. | Discontinuous| Deublo-angies placed hack ] 07.:)Lh085.£ o0
is pin-jointed i.e. hinged. . | toback on oppasito sida of bt o

*  Effectivelength: The ends of this porlion of compression member are called as points of contra gussel plate
flexure and distance between these painis is called as eHective tength of compression member,

¢ This effeclive lenglh is arrived a1 from the aclual length of the compression member and its end
conditions.

5. | Distonlinucus| Double-anglo piaced back to bock 0.70L100.85L 1.00L
on same sida of gussat plale . v

Remember: Il a comprassion member is supported dillerenlly with respect 1a ils principal axes then iis
gligetive lenglhs in the two directions will be diflerent.

* The values of eifective lenglh factors given in Table 5.2 are applicable lor isofaled columns only.
«  As per IS B0O. where there is no exact analysis available, there the elfective length of columns in
a framed struclure may be oblained by the product of actual length of the column belween t:e
i i i ' cenlers of laterally supporting members {baams) with the elfective length facior (K} where the
> Factors Affecting the Magnituds of Effective ength Factor (k9 laclor K is compuled using the expressions {based on Wood's curves) as given below provided
the conneclion belween the beam and colurmn is rigid.
« Braced (non-sway} frames: The eliective length facler {K) is given by

NOTE The end condilions of a compression member are accounted for by the use of effsclive

tenglh factors (K) which when multiptiad vith the actual length (L) gives eﬁeclive lenglh (l;
‘ol Ihe comprassion mamber.

{a) The amount ol rotational restraint available at ihe ends of the comprassion member,
(b) Thesesistance or restrainl available to latoral movement at the ends of the compression member.
Table: 5.2 Elfectivelengths of prismatic compression members

i 1+0.145(8, + B )~ 0.2658,8, 5.1
—-. Es:undn.ry Cenditons f : . » Effoctiva = |72 0.354@11‘[32)-'0.24?9132 PO &<
o En Atthe Dther End Ropmsenistion longth {KL ) ..
Tranalallon| Rotation | Tanslalan{ Rotatien j enth 0 »  Moment resisting (sway} frames: The eflective length Tactor {1} is given by, .
[ ‘I
Rostrainnd | Restrained | Freg Froe ‘d""“T 201 § 1-0.2(B, +ﬂ;-l"0:129;§2 ]-2 52)
1-0.8(f4, +f,) 060, '
Free Resisained | Rostrained | Fren '}] I 20L - ' where B, and 8, are lhe coclflicients at the top and bollom end of the column respeclively which are
; ; given by,
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Elfective llexé‘fa\ stil‘ness of the beams and the solumns respeclively mealing ata
joint atthe ends of a columnand rig:dly conneclegal he joints and ara computed as;

(63)

Ky K =

F: i
Ko= [+ Ke=Cf
1 = Moment of inertia of the memter about an axis normal 2o the plane of the frame
L=tengthollhe member = Canler to cenler distance of L intarsecting members

€ = Conneclion tactor a«?‘giveﬂ in Table 5.4

Bamemher 1 Forcolumns lixed atthe base, IK, —-> = and hence fi,— 0.
ﬂ L ;,%\ﬁorenfumm hmgad al thc bass EKb = md hence B, =1.

©.3.7 SUf: caiumns connec&ed 1o «axnb!e beamd can roiaie much freely and approach the hmged ’
i " end condifionbut K will relativaly béa large value, :
4 \felyiongcekxmns connesied lo girders of !arge cross seclion are nol frae to rolate at the

- @nds and hence approach fixad end conditidns and K will relatively be a small value.

where p " . Tebte:5.4Valuesofconnection factor(C)

A= )—7; .- . g - Connacllon factor {C)

P, = Eulers eiasllc bucklmg SHoj  FarEad Condldon Braged Frome d Frama
load 1. |Pimad 1.5(3 - ) 1,501 -7)
::’-Ei = . .

2. | Rigidly conancled io oluma | 1.0 (1-7) 10(3-027)
Pa AF‘P"“’ axiat load 3. Fized 20(1-047) 061-047)
t = Unbraced fength of the

column i

5.5 Slenderness Ratic ’m

s Forthe same area of cross seciion, as the length of columnincreases, the \endency of the column
to buckle increases and ils load carrying capacity decreases.
«  Tnis tendency of a column lo buckle is measured in tezm
defined as the ratio of effective length of the mermber to ils a
KL

i )
Stendemess ralio (A) = Fir Han ; 5.4}

lendarness ratlo (&) which is
p’ha{e radius of gyration i.e.

& Leastradii of gyration accurs when the column has equal uniraced lengths in both the axes wilh
similar end conditions about bolh the axes for a particular column seclion,

Ke '
I'\;m - [ ‘ l
where r = flma AB5) (r 1= AF)

erei |
A |

« The slanderness ralio of a column should be kept as small as possible from economic point of
vieve.

¢ Far the same area of cross-seclion, the momenl of inertia is the maximum when the material is
farthest away from lhe centroid of the section. Thus the seclion gals thinner as the length of the
column increases and ultimately local buckling puts 2 check on the column size.

« Laleral support in a column decreases he unsupported length and thus permitting the use of

smaller sactions for the same axial load. Somatimes two slenderness ratios in lhe (wa dillerent
direclions are defined as:

)

A =L vhere, r,= 1z
! £ - A
i .

)‘i 4 vihere, 1= J:I'L

1y A

e Those steel seclions which give two dilterent values of slenderness ratio in the wo directions
should be so selected and fixed in a siructure lhat dilterence the lwo slendearness ratios A, and 2.,
is the minimum, :

Table 5.5 : Maximum slenderness ratlo for compression members

S.No, Typa of Momber | . 2
1. | Tenslo bar prona 1o ol duo o thloads ether thanwind or eartivquake. 180
2. | Momber carrying compresslva loads duo Lo dond and (mposed (Uive} loads. 180
3. | Member carrying compressive fortn duo Lo tha mmb{nallon of wind ang parthquaka only

providad def jon of such bots doos not od y offeet tha stress in any part of the | 250
slrudura.
4. | Comprussinilangaalabe \ralned egainst lateral lorsional buckling. Rt
5, Amemherncrmﬂuy nctlnga.. nlhh 0 roof bruss or b brading systom not considercd affective
blocted lopossib 1 duotowindor carifquake farces, 350

Why slenderness ratlo of a compression member Is limltad?
Do ) . . . -
You , 1. Umitng the slenderness ratio takes care of accidenlal and construclion {tabrication,
Know @ . ‘transpofiation, erection étc.} loads.

2. The bracing members can be used gs walkway for workmen or 10 grovide temporary
support for ihe equipment.
3. Tolake tare gi tho slresses induced due to possible unexpected vibrations.

Types of Sections for Compression Members

« . The seclion should be so praportioned lo have maximum moment ol inerlfa {or a given cross
seclional area.

+  This is achieved by putling the mazimum proportion of the area away from the cenler of gravily of
the scclion,

« llis preferable to have equal moment of incrlias about ali the in plane axes.
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Fig. 5.1 Various shapes of compression members

Various Types"df Buckling »

Itis quile possibre Ihat &n individual efement of a calumn i.a. Hanges and web may buckle locally
giving rise to wrinkles. This type of buckling leading 10 column faifure is called as local buckling,
This local buckling can be avoided by limiting the widih 1o thickness ratios as givenin Table 1.1,
But when a column buckles wholly {and not locally) then thls buckling occurs in any one of the
following three ways viz.:

@) Flexurarbixckiing (b} Torsional buckiing (¢) Flexuraltorsional buckling

FIexuraIBucklmg

itis also called as Euler buckling when elasl:c behavior predominales,

In this, defleclion occurs due lo bending about an axis carresponding to the iargesl slendernass
ratio. This axis is the minor principal axis i.e. the one with the smaflest radius of gyralion.

Compression members of any lype of cross-seclional shape can fail in this type of buckiing.

Torsional Buckling

This type of buckling oceurs dun to Lending wherein sectlions get displaced from Lheir original
position by translation withoul rgtalion,

Thin walled members with open cross-sectionat shapes are weak in torsion and hence undergo
buckling by wisling rather lhan bending,

Torsional buckling occurs when torsional rigidily of the member is very small as compared lo
flgxural rigidily. )

Failure occurs due (o rotation aboul longitudinal axis (xx-axis) of lhe member.
. . « " ¢ . .
This cccurs only wilh doubly symmelric sections with very slender cross sactional slements.

Standard hot rolled seclions are not prane to torsional buckling but a member made of ihin plate

elements must be checked lor possible tarsional butkling.

Torsional buckling is guite complex and thus it is always avoided. This is done by proper arrangement
of lhe members and by providing bracing to prevent lateral moverment and {wisling.
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Flexural Torsional Buckling

Elastic ang, )

This type of buckling failure is caused by combination of flexural buckling and lersional buckling.
Herain the membaer bends and iwisis simullaneously.
This typa of fallurs ccours with unsymmelrica! sections including both with one axis of symmatry
like channels, T-sections, double angle sections elc. and with no axis of symmetry at all,
Usually an analysls of torsional or flexural-torsional buckling only is made as and when it seems fo
beappropriale.
This lype of @u;;k(ing can either be elastic or inglastic in nature.
e ‘. Y
lastic Buckling of Columns

Fig. 5.2 shows an idealized elasto-plaslic siress strain curve
and from (he curve it can be established that maximumload a
short column can carry is P = ! Aand alterihal p!asucyieldmg-

of the wihole séclion ooeurs. T
Steass at failure of a column can in no case exceed yield
‘slress! -

But much before a column reaches its full sh'englh buckling
due to instability oecurs. This Euter catical load {F,} for column Flg 5.2{dealised elasto-plosticstress

I

. % Lo

{MPa}

framwnnnmgamananman

o €

wilh both ends pmned {i.e. hinged) is given by, straincurvefor mildsteel
nEl
Pﬂ = -LT .. {56}

From Eg. (5.6), Ihis critical buckling load P is independant of the sirength of steel, increases with
fiexural rigidily and obviously decreases with length{L).

The limitation of Euler's buckling load expression is thal it does not give corract resulls for stocky
or less stender compression members.

Buckling: Euler's critical load P, causes elastic buckiing of the column
and represenis the maximum load that the column can carry salelv,
With any additional increase of load beyond this, the calumn will not
be able 1o support it and initial deformation grows signilicanlly as
column becomes unstable. This unsiable staleis called as buckiing,
flexural buckling or lateral buckling.

Lateral buckling implies bending or warping of steel element out of its
longiludinal axis or plane under the action of fongitudinal force. This
instabilily is shodn in Fig. 5.3,

The mean compressive siress al buckling is given by,

P

Pl sty

8

fe]

Fig.5.3 Instabilityinanidea!
column
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Buckling siress,

where ) = L/r= Slendarness ratio



(., {MPa)

s Thus Euler's crilical siress !c,isﬁhverse%y propartional lo square
of sidnamess ratioA. .
Remembet: t:Thg Eulersglasiic cn'ucal !nad ., glies an [dea abeut the’

L ]

L 4

ety

sléndm of a‘oomprassm rnembar "while thé maximum toad 2, gives
‘anidea’ aﬁou\me resistanca of me column 16 yleiding.

Thus for an axially loaded col umn, the average stress under the
applied axia! load must remain lese ihan the eritical stress f,,
Flg. 5.5 {8} shows the strength curve ol an axially Isadag and ¥
initially straight hinged colamn. This plot is sometimes

represented in nos-dimensionag form {plol of faﬂ;, VErsus ,}'I).(f‘, ; as shownin Fig. 5.5 (b).

o %L

Fig. 5.4 Evlerybuckling
relationship betweenf_and

LMPal , 11,
I i
% Plastie yleld defieod Pizstic el
S et
Ay r Elostie huekiing
Elﬁsﬂc trakding y {0} R
dofinod by k2 E47 i /
] 3
e £ x o 10 =t )"
(n)‘vl:&%’ihﬁc(udwm& strongth {b) Varlalon of cotumns strangth

slendernass mtio In non-dmonsional form
Flg. 5.5 Column strength curve

Validity of Eular's stress : The upper limit of validity of Euler's slress is the proparlional limit {f, ) i.e.

f=1,
= f "ﬁ
et A_p?
- A =x J—:asass 85.86 (lor/, = Eiﬂh‘!mmz) (58)

{Upper timil of slendemess ralio lor Euler's stress)
whars &, = Slenderness ratio which explains the change point Irc;ms,fletdmg lo buckling failure.
The load carrying capacity of compression member wilh slonderness ratio ezceedinb 88.86 depends

on various factors in additior: to slenderness ralio and material characleristics, Some of these
tactors are:

{a) Shape of the column cross section

{6} Presenceof residual stresses

{c) Presence ol nial curvalure in the member
{d) Eccentricily of the applied load

In case lhe stress at which buckling occurs exceeds (he

proportional limit of the material, then tharelalionshipbetween /¢
the siress and strain will not be linear and modulus of elasticity : E,
E cannolonger be used.
Thus hetier eslimate af crilical buckling load can be obiained e
by using variable tangant modulus £;inslead of £ as shown

P, o n Ean?

E, =slopa of aurvo at
erilenl stress i column

E
inFlg. 5.6. 7
inemember  FOT crilical slress lessar than proporlional,limil of the
i p————— . -
1 material, the slope of stress siraln curve is constant o c

being equal 10 Young's makjulus of elasticily £and he
buckling Is elastic. For critical stress value larger than

-*prapontional fimit of the material, he ‘slope'o! Siress strain
curve |s E,and Ihe buckling is inelasfic.

Fig. 5.6 Tangent modulus (variable)

Inelastic buckling: i is quite ditficull lo assass correctly the inefastic critical load. But in the
elastic range, the modulus of elaslicily £is constant and critical load can be assessed correclly.
The maximum residual compressive siresses /,are assumed lo be r/z |6 take into account unknown
residual stresses,

Very slender columns fait by buckiingi.e. f, < /,

Inclusion of all possible variables is quite dlmcun and 1hus a ransitional relalionship is developed
for a column as it Iransits from elaslic behaviour 10 ils steenglh limit state ¢ r/a)

Thus. (59

h=h=32

.{5.10)

In the inefastic range, a simple parabolic exprassion is used to fitthe average performance of steel
columns as:

f KLY
= bl -tl(2)

fy f (kLY ek
= G

(5.11)

,rv
s f;'(kL]Q . L.
= f= - * tangent
e L g&- ?-‘\,@1 URes are ;’“ﬁ"
The curve given by Eq. {5.11) becomes tangent lo By, .f e, f, u:E)
Euler's curve al the assumed proporlional limitof the & f = -(L’T ': B L {
malerial. i
. . . 1 4= 051 (Assumed)
Fig. 5.7 shows a composile curve thal describes s )- —ur
completely the stength of any column of any given . " "
. R - nedostic Etaslic
material. This curveis called as column strength curve T bueking ) Ducking

which is also used in IS specilications for the design

ol columns - Fig. 5.7 Cofumirstrength curve



.NOTE; Tanjgent modulus £;is smaller ttian, £ and 1hiis for'thie same slenderfiess ralio (KLir), £, @sulls
'Vshal[etcrizidg‘lpuékling load. LT PR . o

5.9 Column Formula

*  Only the short columns can resist maximum comgpressive load P, = !/l and 1he stress at failure of
lha column can never exceed fr The faiture of calumn (neglecting he possibility of lorsion) is dua
lo bending. ) .

*  Earlier IS 800 recommended Ihe use of secant formula taking into account the eccenlricity of load,

inilial crookedness and dillerent end conditions and using afaclor of safely of 1.68, The allowabe
mean siress /,was given by, t

I
J%ssa ( _
1.68F,

I
1+0.20sec = J——=5
+0.20se EIJ £

{ =

[

!
3 oor) {5.12)

Here ris Ihe appropriate radiugof gyration of the sei:liqn. '
* 15 800:1984 recommendeds the use of Merchant Rankine tormula which is expressed as:

t_o 1,1
o
o
L — (5.13)
(e )

where /, = Efaslic crilical siress which is same as /_as used by IS code,

!c:
!y = Failure slress
The direct stress in compression of an axially loaded column is limiled o 0.6/, Thus the formula for

. - v ', . ”
permissible compressive stress derived from Merchant Rankine formula gels modified as:
i1
f=06—2F ..(5.14)
(]

where /= Yield siress in Nimm?
f.o = Elaslic crilical stress in compression = n2&/A?
). = Slenderness ralio
n = Alactar which ranges from 1 lo 3and usually taken as 1.4
¢ From Merchanl Rankine farmula, it foliows that for small values of slenderness ratio (), the failure
stress lends lo become yield siress (f},) and Imllarge values of slenderness ralio, it becomes the
elastic critical stress (£). .
* I8 800 : 2007 recommends dillerent column curves viz.a, b, ¢ and d in non-dimensional form
based on Perry Robertson approach based on cross-section classificalion.
*  Due 1o various imperiections that exist in a real column, this yield stress need to be reduced bul it
is quite dilficult 1o quanlily the amount {or Iraclion) of reduction in this yield stress.

« Thus based on slalislical test resuits,
curves 8, b, ¢ and d were proposed ;4

which takes into account all these o8 \\:"
imperfections. 0.7 N(\\
. 06 X
« Thebuckling curves({a, b, c and d) give 05 \Q\\\\
1 the value of reduclion faclor ¥, 0-1 the o4 N
resistance of the column as a lunclion of 631 RS
non-dimensional elfective slenderness gf :

ralio cafjed #seference slenderness for 0
various prgs'?( cross sectional shapes.

« 'The imper’#lnon faclor depends on:

o 02 05 10 1.5 20 25 38
A=V

for Gasign compressive stress

T : Eulor bucking stross

{ii Shape ol the column cross

section Fig. 5.8 Column bucklingcurves

{iy Direction in which buckling
' OCCUrs

(i} Fabrication process {i.e. hol rolled, cold rolled, welded elc.).
The value of wincreases with imperfection as given in Table 5.6 and alsc in Yable 7 of 1S 800:2007.

Table 5.&8/mperfection factor (@)

Buckilng curve B b e d
034 049

a 0.21 036

‘ {. Forsivbcolumn (7.5 0.2}, full plastic resistance develops on the ¢ross section and buckling

Do need not to be checked,

You

Know @ 2. Fork> 0.2, reduclion of load resistance must be taken inlo account because of buckling.

Curve a; It represents quasi perfect shapes fike hot rolied I-seclion (with #/b,> 1.2 ard {,< 40 mm) i
buckling is normal to the major axis. It also represents hot rolled hollow sections.

Curve b: It represents shapes wilh medium imperfections. it defines the behaviour of rofled I-section
buckiing about the minor axis. Welded I-seclions of thin flanges {f, < 40 mm} and of rolled I-sections with
medium flanges (40 mm < < 100 mmy if buckling is aboul the major axis and most welded box seclions.

Curve c: [t represenis cross seclianal shapes with ot of imperfections like channels, angles, T-sections,
thick welded box sections, hot tolled I-sections (h/b, < 1.2 and 1,5 100 mm; buckling about the minor axis,
I-sections (> 40 mm) buckling about (he major axis. .

Curve d: lt ropresents shapes with maximum imperdections. itis used for hot rolled [-sections with very
thick llanges (7> 100 mm) and thick welded [-sections (f,> 40 mm} il buckling is about the minor axis.

Table 5.7 aids in selection of appropriate buckling cutve as a function of type of cross section and axis
aboyt which the buckling is taking place. )

1



Table5.7 8uckling curves for crass sections

Cross Secilan Limbs 5“"“"';? abeut] Buckling Curve
. ' L B
Rotied -Sactions B> 12 4S40mm 12 a
¥y ]
40 mm < £, 100 mm 2-z &
ry £
hib,$ 120 L5100 mm -z b
ry ! c
4> 100 mm 2~z d
-y d
1,540 mm z-r b
-y c
4 40 mm -z c
b d d
Het rofled Any a
Cod formeed Any b
Genarally {(Excopl o5 bolew!)
Ganarally (Excepl as belmw) Any b
Thick welds and
B e30 -z c
b, <30 -y c
Any [
Lﬂ‘m
Ay T €
iy !
PR

C1. 7.1.2.1 0l I8 800:2C07 recommiends the lollowing formula for estimaling the design compressive
stress [,,0f an anially loaded compression member as:

.(5.15)
..(5.16)
1= Eulers buckling skress, o = Imperfection faclor,
T = Partial factor ol salety lor ma‘terial (steal) = 1.1
! (B.17)

Siress reduction factor § = ——m——
o+9° -3
Stress reduction factor {x) is given in Table 5.8.

Table 5.8 Stress reduction factar () and deslgn compressive steess (f, ) for different
buckling cusves of steef of grade f, = 250 Nfmm?.

S.No. Curvo ¥ Curvo b Curvn e Curvo o
x T x g x fy x fea
10. 1000 | 227 1000 | 227 1.000 | Z27 1,000 .| 227

20 | osges | 226 | 0891 | 225 0.987 | 224 0580 | 223
3. | o0seo | 20 | 0850 | 216 0530 | 211 0.8% | 204
40 | 0839 | 213 | 0806 | 206 0870 | 108 0815 | 185
50, | 0904 | 205 ! opss | 194 0607 | 162 0736 | 137
60, | o859 | 85 | 0788 | 189 0.740 | 168 0659 | 150
70. | 0803 | 182 | 0732 | 166 | 0670 | 152 0587 | 133
60 | 073 | 167 | 0661 | 150 0500 | 138 o521 | 1B
90. | 0857 | 149 | 0589 | 134 0533 | 121 0.461 | 105
0. | osra | 132 | os2 | n8 0471 | 107 0.408 | 926
1no. | 0507 | 115 | 0.4s | 104 0416 | 946 | 0261 | 821
120. | 0443 | 107 | o403 |97 | odse | 837 | 0221 | 730
130 | 0288 | 832 | oase [ 810 | 0327 | 743 | 0287 | 852
t40. | o322 | 778 | o316 [ 718 | 0281 |6z | 0257 | 584
150, | 0203 | 689 | p2m | 630 | 0281 | 592 | 021 | 526
160. | 0270°) she | o2s2 | 570 | 0234 | 533 | 029 | 475
0. | o212 | s50 | ozzr [465 | 0212 [481 | oaso [ 433
1e0. | 0218 | 495 | 0205 | 4657 | 0.492 | 4367 | 0.473 | 393
190, | 0197 | 447 | 0186 {422 | 0.475 | 207 | 0.158 | 359
200. | 0473 | 407 | 0169 [ 385 | 0150 | 383 | 0145 | 330
210, | 0163 | 371 | ouss | 352 | 0146 [ 333 | 0434 ) 300
220, | 0349 | 340 | oz 2322 | pa3s | 306 | 0423 | 260
230. | c1ar | 312 | 0191 [ 208 | 0424 [ 283 | om4 | 260
240. | o027 | 288 | oazy | 225 | 015 | 262 | 0106 | 231
| 250. | o417 | 266 | omz | 275 | 0107 {233 | 009 | 725




¢ The design compressive strangth {P,) of the compression member is lhen given by,
Pd = An’cd
where A =Ellective seclional area = Gross sectional area il boll holes are lilled with bolts

imhnisinblblill

5.10 Design Strength of Axially Loaded Compression Member

¢ Torsional buckling does not produce a limil state sinca either elastic or inelaslic axial buckling lirgy
slate will occur al much lower ivads.

* Bulseclionslike angle, Tand channe! which do nol have any appreciable torsional buckling slabi
buckle lorsionally belore elaslic or inelaslic limit states are reached.

!
*  For slee! with yield slress alher than 250 N/mm2, Table 8 and Table 8 of IS B00:2007 can b,
referred tor siress reduclion factor x and design compressive siess £,

5.11 Procedure for the Design of Axially Loaded Compression Member
Assumptions:

{2) Theideal columnisassumed to be absolulzly straight wilh no initial crookedness which is in lacia
purely hypolhetical siluation and never occurs in praclice.

{(B) The modulus of elasticily is assumed to be conslanl in a buill up column.

(c) Certain types of secondary stresses which may even be of the order of 25% to 40% of primary
slresses are completely ignared i.e. not laken inlo accounl.

*  There are lwo unknawns and il is required o assume one and calculate the other. Obviousty the
section has lurther o be checked for salety,

Design procedure:

Step-1. For an average column of height 3 m to 5 m, the stenderness ratio lles belween 40 and 60. For
slender column, a fitle higher value than 60 is assumed. Far column wilh heavy lactored load, a smaller value of
slenderness ratio is assumed.

For the assumed value of stenderness ratio, the design compressive siress for that particular valug s
datermined from Table 5.8 for the curve Ihal is relevant to live buckling class of cross seclion as given in
Table5.7,

Altarnatively, assume a design compressive stress in the compression member.

Assume slenderness ralio and design compressive strass as:

(i) Rolled sleel beam seclions 70-90 135 N/mm?*

(i Angle struts 110- 130 90 Nfmm?

Siep-2. The cross seclional area required lo carry the faclored axial compressive load I1s given by.

Aylin N)
Assumed compressive slress (in Nierre?

i 2=
Ay(lnmrn )=

Slep-3. Selecl a sunlable seclion lrom IS Handboook No.1 having area about 20% more than the area
required in Step-2. The section is so chosen thal the minimum radius of gyration sclocted s as large as
possible. This appropriate least radius of gyration is recorded.

sxep~4y. Knowing the ype ol end cendition fiom Tabls 5.2 of Tabia 5.3 and the lype of conneclion,
determing the effective length of the member. :

Step-5. Delermine slenderness ratio (A = #7) which must be less than the permissible slenderness fatio
gs givenin Teble 5.5 and hence the design compressiva siress £ is computed from £q. §.17 or delermined
jrom Tebla 5.8 for both columns and struls.

Stap-6. For single angle section loaded concenlrically, lhe design compressiva sirengih is detesmingd
fiom EQ. Py = Agfgand the design compressive stress using Eq. 5.17 and the class ¢ curve.

»  The lhree limi} siates that may occur in single angle compression member toaded through one ofils

legs are flexural buckling, local buckling of leg of angle and flexural-lorsional buckiing.

e AsperCl ﬁw o! IS B00:2007, the equivalent slenderness ratio in such a case is given by,

N = JerkodZ, +kgh2

where k,. &, k; are the conslanls depending on end conditions as glven in Table 5.8.

-{5.18}

( ! ] Table5.9Constentsk, k, k,
’_w No. of bolts at
Iy 2 ~(8.78) | " ooeh ond g:;,ﬂ?:&;‘mu LIS O I Y
P LS tlon
250 22 Fod 020 {035} 20
Hinged 07 |us0| =
A = (br+by) (5.20) Fixed 075 | 035 | 20
o wE ' Hinged 125 | os0| e
: i.__-.
250 .

i = Cenler to cenler length of the supporling member
r, = Radius of gyralion aboul the minor axis

b,, b, = Width of the iwo legs of Ine angle seclion
= Thickness of the leg

& = Yiéld stress ralio = ,/250[.’,,

Step-7. The design compressive strength (P,) of the member is computed by multiplying tho design
compressive strass () with the ellective cross sectiona! area (A ). This design compressive sirengthmusi be
more than the lactored compressive load i.e. '

' . PP
Revise the section if P, calculated differs considerably from the factored axial compressive load £,

5.12 Built-up Columnis

*  When already available rofled sieel sections cannol furnish the required sectional properties like
cross seclional area, radius of gyration etc. then built up seclion is the possible recourse.

+  For cconomy in designing heavily loaded long columns, the igast radius of gyration ol the column
seclion is increased o he maximum, This is achieved by placing the rolled sections away from the
centroidal axis of the column and is connected by some sysiem like jacings or battens,

. This system is referred (o as laltice system. Such types of columns are cafled as latticed columns
of open columns.
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Flg. 5.$Somepossib:e1am‘cesys;emsafbul!f~ up colsmn

The capacity of lalliced column isal

ways lass (han the capacily of solld weall cojumn,

forthe

samemomentaf inéﬂig, they are more efficlent slnce altecliva distribution of area enable the

moment of inertia about z-axis

While calculating the strength of iatficed column,

carying elements.

Tha buckling strength
of alatticed columnis
less than that of solid
cotumn having the
same cross sectional
area and same
slenderness ratio,
since shearing
component of the axial
toad proguces
deformation in 1he
latlice which reduces
the overall stiffness of
the column and thus

(2}

Friara of
eolomn a5 awholo maln eompanent

2

l

{ ) Fature of

o A
Flg. 5,10 Modes of failure

decreases the buckling strength ol the column,
Design o! built up columns considers tha foltowing faur canditions:
{a) Columnbucklingasa whate under axial load. [Fig. 5.10 (a)}

{o)
{c

Buckling of compgnent column. [Fig. 5.10(p)]
Failure of lallice member. [Fig. 5.10 {c)}

td) Distortion of the cross section, [Fig. 5.10 {(d}]

10 be equal to about y-axis.

a
‘Inlutlf(edco{umns

neglect lacings and batens as primary load

N .

/ A
“ I ol

Akla 74

/i Section AA
"
‘;}F%m of {d) Distortion of
b &ndr}g cross soction.

5.13 Lacing
e Lacing hold the various membersof a compression member straight, paraiel and at correct distance
aparl in order 1o distribule tha stress unilormly between Lhe various parns.
« Lacing generally consists of Hlat or angle seclions.

?\ %y:

= ST

i ‘
(u) Singlo flat locing () Singlo flat lacing () Single flr non-mirror () Doublo ot {0) Doubla flal tacing with

nor-nlarsading {ntor-secung imago (nol roecxmmanded) lacing Inlersocling batien (nol recommandod)

) Fig. 5.11 Lacing system
+  Lacings can aiso be used wilh batiens as shown In Flg. 5.11( @) but this is nol preterred sinca it
gives undesirable effects,

» Lacing bars musl nol project beyond (he column section. They are connected with single rivel or
boll al the and bul two rivels or bolls are desirable assuming thal one rivel or bolt may be defectiva
in spile of the fact that siresses are usually small and only one rivet or boltis enough.

"-NOTE: Lacings are designed as compression me mbers and checked for lension (1.e., they ara idealised as
" uss mambers).

+  Singlelacing syslem is quite sufficienl for the lransverse shaar force lor which the tacing is designed,
il itis designed properly but ofien designers consider double lacing to be more sate and superior
(in spile thal it is uneconomical) and yecommend il also.

femember 1. For laced columns, the radius ol gyration of the column Cross seclion aboul an axis
D normal to the plane of lacing shall not be less than the radius of gyration about an axis
9 paralie} 1o the ptane of the Jacing.
2. Lacing system must nol be accompanied by tie plates except a tha calumn ends,

3. Lacing ontwo paralle! planes should be the shadow of each other and not the crossed
one. This provislon prevents lorsion aboul the column axis.

4 Uniform lacing system should be provided throughoul the lenglh of the columni i.e. the
inclination'ol Iaqings wilh the column should ba equal on either sids anda uniform section
should be provided (or the Jacings.

5. 'The effective slendernass ratio of laced celumn is taken as 5% more than the actual
maximum slendemaess ralio. This provision lakes care of shear delormations,

6. As siated, lacings are designed lor a iransverse shear equal lo 2.5% of lhe axial load.
But if bending moment s also there onthe column {hen addition shear has to be considered.

5.13.1 Procedure for the Deslgn of Laced Column

S1ep-1. A design compressive siress is assumed. For sleel with [ = 250 Nfmm?, a trial design slress
can be assumed as 125 1o 175 NfmmZ. For other lyjses of steel. this design compressive slress range may have
o be sunable modified.



Slep-2. The cioss seclional area required to carry Iha factored comprassive load P, at the assumed
design compressive slress is calculated as,

P, (in N)
Assumed design compressive slress (in N/mmz)

A(inmm?) =

Step-3. Alter having tho cross seclional area required, a suilable seclion consisting of iwo channels or,
four angles of lwo J-sections wilh or without extra plalasis selecled from IS Handbook Na. 1.The area given for
the section is noled down which should preferably be about 10-20% mare than the arca calculated in Stap-2
above.

Step-4. The sectians are so spaced that the radius of gyralion ofthe secuon about an axis normal lo the
plane of lacing is nol less than the radius of gyralion about an axis inthe plane ol lacing. This can be obtained
by making he radius of gyralion about yy axis equal lo or greater than aboul zz axis i.e. nel,

Step-5. An assessment of the effective length of the column is made {f = KL) and slendernass ratio
{KLr) is determined. The ellecliva slanderness ratio of the laced column is 1aken as 1.05 times (KLr) ie. 5%
more than (ha aclual maximum slenderness ralio in order 1o 1ake into account the shear delormations. )

Slap-6. For the eslimated value of slenderness ratio, the design compressive stress /_,is computed
from Table 5.8.

Step-7. The design capacily of he member is calculaled and it must be more than Lhe faclored load on
the columni.e.

Design capacity = Af.,> P,

Step-8, The angle of inclination of the lacing bar with he fongiludinal axis of (he column should be kepl
belween 40° to 70° as given in Cl. 7.6.4 of IS B00:2007. Generally as a lrial value initially, lhis is assumed &5
45°. The spacing of lacing bars 4, is calculated.

NOTE: Lacings are most ellective between 35° lo 45° inclinalion and become less sfficiem beyond this
range.
«  The critical buckling load for the column in inelaslic range is given by,

P ~(5.21)

Po=

e
AﬁEsmocow 8

vhere P, = Tangent modulus load
A, = Total cross sectional area ol diagonals al any point along the span

The maximum value of sind cos?8 lies betvizen 35° 10 45° and beyond this fimil, il becomes smaller and
lacings become inetficient. ‘

Stap-9. The maximum spacing of lacing bars 4, should be such that the minimum slenderness ralio of
the componenl member (a, ,'rJ does nol exceed 50 (in order Lo prevenl focal buckling) or 0.7 times lhe slenderness
ratio of the member as a whoie where &, is the length of the component member and 7, is the radius of gyralion
about yy axis of the compaonent member In laced and batiened columns, there emsls a possibility that the
collapse of Ihe enlire column may be lriggered by buckiing of individual rib (or ribs) about y, axis (Fig. 5.12) at
a lower load lhan thal is required to cause buckling of the compasite seclion. Thus there anses the necd 10 fimit
the slenderness ralioof the component memuer by a (actor (< 1) times the slenderness ratio of the member. IS
Code recommends this laclor as 0.7.

{n) Cross ..edm of fatlicad columa {6y Laced column { ¢) Botlened column

\ !f " Fig. 5.12 Buckiing of open column ribs
_Remember _f . The angle gin s!ngle lecing syslemean be increased from 40° up 1o 70° enly. Evenilthe”
B 'component column is Iound o be unsale men a doubls lacing syslem remams lhaonly

.o recourse . - .
2. Gl 7 8.1.50( 1S BDD 2007 statés that !he eﬂecuve sienoemess fatio of iaced oo!umn
should ba 5% mare than the aclual maximum slenderness ralio so that shear deformation
effects are accounted for. . '

Step-10. Cl. 7.6.6.1 of IS BOD:2007 recommends that the lacings for compression members are designed
far a ransverse shear force V, 8qual 1o 2,5% of the axlal load on the column. This iransverse shear V,is
distributed equally in all parallel planes Ain which there is shear resisting elements like facings or conlinuous
plates. Thus:V,/Nis the transverse force to which the lacing is subjected.

.
d F— v .
~ H
é,: (V) coscc ©

e wmane R
(7ZONN @.

3 } Forca oa bolt

v /", VIN g from Jacing flal
cosee” (wircon H
Forco on boli H
from lacing flat k.:.

Flg. 5.13 Forces in alacing bar

Remember 1. N =2 for two channels laced on both faces and N = 4 for four angles laced on all the

laces
ﬂ 2. The shear ¥, so determined is required to be enhanced for shear due 1o weight of the
member or due to other forces and lacing is proportioned for the combined shear.
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Siep-11.The compressive force'in the lacing bar is <alculated \&{‘}ich is equal ta (V,/N) cosec for
single lacing sysiam and (V,/2N) cosect for double lacing cvstem. :

Step-12. The lacing bars are so p:\ sotioned that Lhay will not ield or buckle under he effect of
transverse shear.

Width: Atihe very first mslance, assuine a bolt or rive: liamater. Cl. 7.8.2 of IS 800 : 2007 recommends
that the minimum width of the flat must noi be less than lhree Emes the nominal diameler of the end connector,

Thickness: In single lacing system, the thickness 1 ¢! the lacing ftat £ 1/40 of iis gllective lenglh ang
in double lacing system, this thickness t of the laclng flat £ 1/60 of its plicclive langth as per Cl. 7.8.3 o 1§
800:2007. :

Stap-13. The minimum radius of gyration of the lacing flal is compied as:

f,,'m = \’}\ﬁ‘é

Step-14. As per Cl. 7.6.6.3 of 1S 8003:2007 ths stendsness ratio of the lacing bar should be less
than 145. For riveted or bolted connection, tho alleclive lengih of lacing bar Is taken as the fengih between the
inner end rivets or bolis for single tacing sysiem and 0.7 limes of this distance lor double lacing syslem, In
welded connections, the elfective lengih of lacing bar is 1aker; as 0.7 times me distance belween theinner ends
of tho welds connecting the tac!ng bars tothe member,

Step-15. Forthe calculated value of slanderness ralio, the desiga compresswe strength of the lacing
baris computed which mus! be morse than the force in the lacing bar.
Stap-16. The lensilg sirength of the lacing bar is compuled and & snusl be more than ihe force in the
lacing bar. '

Remember: The tensile force inlacing bar is quite small and thus the possioility of block shear fallure is very
low and accordingly the [acing is checked for net gection lracture only.

Stap-17. For riveted or boned connection, the strengls of rivel of boll is computed and it must be more
than the ioad coming on zivet or bolt. When lwo lacing bars are connecled at the same rivel or Dol the load on
the rivel or bolt will be 2{V,/N)cot 9 and for lacing bars connecled al dilferent poinls, the load on rivet or bofl will
ba{V,/N)cosec 0. -

For weldad connections, the welding of lacing bar lo the main member should be'sutlicienl enoughto

transmil the load in the lacing bars. Welding should be done along each side of the lacing bar tor full fap length. '

The averlap of iacmg bar should not be less than {our times 11e 1hickness 1he bar or the member, whichever
is less. . (Ll

Step-18, In order to prevent the dislortion of column seclional lh@ collumn ends, lig plates (i.e. baitens)
are provided al the ends of the [acing syslem and these must be able lo résist Iho lorees to which the tacing bar
is sublected.

5.14 Batten
= Ballens are plales or any olher colied sections that are used to connecl main compaonents of the
compression membar. -

« Bauens ara placed opposite to each other on the two parallel

¢ : TPl s

aces of the compression member and musl be spaced and T o & lof fol2

proportioned unilormly as shown in Fig. 5.14. I o 7§° a

«  Number of battens should be such Ihat the compression member 5
is divided into al leas! three bays within its aclual length. i '

- Balten may be either end batten or Intermediate batten. End P .s.
batlens are provided al the end of batlens and inlermediale
batlans are provided in between the end ballens. . §

«  Asfar as strength ol battened columns is considered then, itis T o’_ ‘:o _?;
same as hat of laced colutmns bul are nol economically benelictal i }2 ol Kk
and are thus used sparsely, N Lol e g

It =

NOTE: Battens are nol suitable for columns subjected to eccemnc Ioadmg
. Inthe plane of the connecting system. .

Fig. 5.14 Battened Columns

5.14.1 Procedure forthe Design of Battened Cotumn

Design ol ballened column is almost similar to that of laced column with the only diiference that in case
of battened column, the effectiva slendezness ratlo Is enhenced by 10% in order lo account lor shear
deformations occurring in batiened column. Thus effeclive slendemess ratio {&,) of batlened columniis,

KL
}1.7- 1,1[-—{-)

Once the column section has been arrived 8!, then ballens are designed as per the foliowing procedure:

Step-1. As per Cl. 7.7.3 of IS 800:2007. the maximum spacing of batlens {C} should be such that the
minimum slendernass ratio of lhe companent member (Cfr,J does not exceed 50 or 0.7 times the slenderness
ralio of the column as a whole i.e. 0.7(KL/7).

NOTE As per IS BOO:2007, \he radius of gyralion of ballened column about an axis normal Lo the
e piane of the batten shall not be less thanthe radius of gyration of that battened column about

an axis paralle! lo \he plane of lhe ballen.

Slep-2. The ballen seclian is sefecled as per lhe recommendalions given below and later on the batlen
seclion is checked for thé forces acting oniit.

Dapth: The clfective depth of end ballen musl not be less than the distance between the CGs of Ihe
component membars and must be greater Ihan twice Lhe width of one componenl member.

The eflective depth of intermediate balten is laken as 75% (i.e. 3/4") of the depth of end ballen and
musl be more than twice the width of component member as given in Cl. 7.7.2.3 of 1S 800:2007.

As shown in Fig. 5.14, the lwo channels are placed back-to-back spaced al a distance 5" apart and
are cannecied by baitens.,

Thus effective deplh ol end batien {d7) = 8° + 2C, or 2b {whichever is maximum)

Overall depih of end balien (o) = d "+ 2{Edge distance)
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Elleclive daplh of inlermediale ballen {a,)= ( )0‘ of 2b (whichever is maximum}

Overal! depth of inlermediale ballen (d,) = d; + 2{Edge distance)
where distance Cﬂ is as given in IS Handbook Na. 1 for 1he section.

‘ Thickness: The thickness 7 of tha batten must nol be less than 1/50 of the distance belween the
innermost connecting lines of the rivets or bolls or welds normal 1o the main member i.e.

ts —-(S‘+29)

where g = Gauge distance far the section as given in IS Handbaok Ng. 1

' -
1

. Remember; The above reauirements of depth and thickness of batian da nol appiy incase roiled seclions
like angle secllon, I~secuon and channel seclions alc. whlch are used as baltens

Slep-3. Ballens are deslgned to carry the ltexural momem and shear!orce {hat arise dua to iransverse
shear force V, which is taken as 2.5% of lhe lolal axial load on Ihe compressmn member as a whole, The
transversa shear force is divided equally in all the parallel planes

N in which Ihere is shear resisting elements like batlens or VIN G [5T %o
conlinuous plales. As far as buckling af batlened columns is T—' : = ' 2
considered in the plane of baitens then unlike In lacéd columing, sl AL v,
there are no diagona! elemenis to carrythe ransverse shear, The ¢ "“.';'E ''''' "'» e
transverse shear thus musl beTesisled by the main ribs. _L ?f CE .',
Stop-4. The ransverse shear in ribs in batlencd columns ¢ 8 : i
gives rise lo longitudinal shear hal musl be resisied by baltens. l }“f‘ s
This shear force is oblained by considering points of contra flexure e
in each longiludinal rib midway between (he batlens and at ils ' ; :
mid-point ineach batten. Ballens musl be able to resist longitudinal ,,_.:._ :
shear and moment due 10 transverse shear V, as shown in Fig.
5.15. Fig.5.15Forces acting on batten
V,
v, = N'g_ ..45.22)
viC
‘M= ZLN_ ’ » . ...{5.23)

where V, = Longiludinal shear force
V, = Transverse shear lorce
C=Cenler lo center dislance between the pallens
S = Minimum Iransverse dislance between the CGs of rivel or boll or weld

[

Step-5. The shear stress (V,/4,) is compuled in the ballen'section and il must not exceed (f,r' 3y ,.9)
vhere A = Cross sectional area of the batten = di

o = Partial faclor of salety = 1.1

d = OQverall depih of the batten

1 = Thickness of the balten

Step-6. The flexural moment in the batten section is calculated and musl aot exceed V‘ym
M__M GM f,
' O™ 77T 5 S Yo
G{d

The conneclion {riveled or bolled or welded) of baltens 10 main members is designed lo resist the
lengitudinai shear and flexural moment.
(i} Forriveted or bolted connection, nol less than wo rivels or bolts sould be used.
(i) Forwelded connecnon the aggregale length of the weld on each edge paraliel 1o the depth must not
be less than hamlhe depthof baiten plate. At least one third of the weld must be placed al eachend
ol this edg'g.‘ i

5.15 Encased Column

* inlall buildings wilh steal as skelelal sucture. columns are encased in concrels in order o have
tlush surfaces from architectural point of view as shown in Fig. 5.18.

fire resistance as well of the column and i
prevenis corraslon.

* IS 800:2007 does not cover the design aspact
of encased cofumn but IS 800:1984 leys down
the design procedure of such columns by working
siress method of design. ‘

(a) The member should be symmetrical |-
section or two channel saclions placed
back to back with or withoul cover plales.

{b) Theoverallsizeof lhe stes! section shoulg
not exceed 750 mm x 450 mm withfarger
dimension being measured parallel lo the (a} ®
web, Fig.5.16 Encosedcolumn

{c) Thecolumnmust be unpainted and solidly
encased in dense concrale with 20 mm nominal size aggregates wilh a minimum congrela
grade of M15.

(d} The minimum width of the solid casing should be (b, + 100 mm} whers b,is the width of
steel flange of (he column.

(e} The surlace and edges of the steel column should have a concrele cover of alleast 50 mm.

{}  The concrete should be reinforced wilh steel wires in Ihe form ol stinups of diameler at least
5 mm @ 150 mm ¢fc spacing. These slirrups are supporled by 10 mm diameter bars at the
four corners, -

(@) Steslcore encased columns must he machined precisely at splices.

» Encasing a cofurmn wilh concrele increases the i-
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5.16 Column Splices
* Aspliceis ajoin! provided in ihe length of the member,

* Incaseof column splice, if the load is ruly conceniric then theoretically no splice is required since
enmpression will be directly ranslerred through bearing. But truly axial foad on column never oceurs.



5.16.1

Also columns are most of the limes also subjected to hending. This raises tho necessily of column
splices. Column seclions are requirad 1o be spliced for the following casas:
{a} Whenthooverall léngth ot the calumn is more han the fengtt> of the column section available.
{o} Incaseotfhigh rise structuras, he columnsection tequired i upper stosies is small than that
required lor lower slories and [hus column neads to be spiiced.
¢  Forsplicing compression members, care mugt ba taken 10 see whether Ihe ends of (he connecling
compression members are faced, rmilied or machinad for compteta bearing or not.
»  Hbearing in the wo sections [s achizved complalely thien amajor portion of the load passes through
the sections only and splice needs io be designed only for the réraining force.
* Olenitisnol possible to machine the surfaces perfectly and thus load 1o be transmitted thraugh the
splice pfate cannot be assesced perieclly. Thus, itis daswable 1o design lhe splice for strength of
the member. A
« Tensionsplices are designed to ransmil the design action or the 303% of member design capacily,
whichover is more,

Specification for the Deslgn of Splices

{a) Where the ends of Ine compression iembers are faced for compiste bearing over the whole area
there the splices &re desigried tohold the members accuralely in position and 1o resisl any tension
wherebanding is also thers.

{b) In casethe connecting membears are nol faced lor complete bearing then splices'are designed lo
transmii all the forcas to which they arg subjecled lo.

{c} Splices ara designed as shor calumns.

s ldeally a splice piale should befocaiad al a place where flexural tnoment in the columnis zeroi.e.
at the locations of point of contra tlexura.

«  Due lodirect load, there are two points of contra flaxure varying from middle of the column to the
poinis above or below tha middle.
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Flg.5.18 Welded column splices

£.16.2 Procedure for the Deslgn of Column Sp{ices
Step-1. For the case of axial compressive load, the splica plates are provided on the flanges of the lwo
column seclions which are ta be jolnted.
(a) Formachined end corumns lhe spliceis designed onty Io keep tha columns in position and o carry
the tension due 1o bending moment o which the splice plate may be subjected. The splice plate .
and ils connection must be designed 1o carry 50% of axial load and tension {due to bending moment
if any). )
(b) Ifths columnends aré not machined then splica and its canneclions are designed lo resist the lotal
axial ioad and tenslon (due lo bending moment i any).
Let P, = Facloredivadonthe column
Py = Des:gnload for splice due lo axlal column load
P“2 = Dasign load for splice due 1o bending moment

For machined end columns,

A
PU‘ = —d-
For non-machined end columns,
Py
PU’ = ?
p oo M

@~ Laver arm

Hare ‘lever arrn’ is 1he center to center distance belween the lwo splice plates.

Step-2. 3plice plates are regarded as short columns with zero slenderness ralio, Thus these plates vill
be prone lo yield slress.

Step-3. The cross seclional area of splice plate is given by,

Cross seclional area of splice plate required = Factored load on splice plate / Yicld stress

Step-4. The widih of splice plate is generally kept equal 1o wilh of lhe calumn flange. Thus thickness of
splice plale is given by,

Thickness ol splice plate = Cross sectional area of the splice plate required {from STEP 3) /Widih of the
splice plale



Slap-5, Assume some nominal diameler of the bolisfrivels and determine the srength of rivetbalt.
No. of bolls/rivels required = Faclored load on splice / Strength of rivet/bolt

Step-6. When bearing plate is also required lhan length and widih of the bearing plate is kepl equal lo
the colurmn deplh and ilange widlh of the uppar column and thickness is compuled by equaling the ultimale
bending momenl due to the factored load te the moment of resistance of the plale section.

;m:-ﬁ’ = “.'
Detarming tha design axiaf load carrying capaclly of a column made of ISHB

300 @ 577 N/m [l length of the column Is 3 m which Is pinned at both the ends. Usa Fo410 sleel.
Solution:
ForFed10.

A i i

tive .Exnmp es

!y = 250 Nfmm? , £ = 410 N/mm?
E = 2 105 Nfmm?
- - Column is pinned at both the ends

o " K.=L=3m
For ISHB 300 @ 577 Nim
h = 300mm . - . b= 250mm
I, = 106mm A, = f=T480mme
h 300

=12
Y = %50 and f, < 100 mm

From Table 10 of 1S 800 : 2007 or Table 5.7 of this chapter Ihe section lails under buckling class ‘b"
aboul z-z axis and is under €lass ‘¢’ for buckling aboul y-y axls.
fa = Ty~ 54,1 mm

/ n’E r: #2108

- &) (3390)
4 54.14

Non-dimeasional effeclive slenderness ratio (1)

250
’_Y_ '
- = ears 0.6241

For buckling class 'b’, imperfection factor («) = 0.34
&= 0501+ alh~0.2)] + «?
= 0.5[1+0.34(0.6241 - 0.2) + {0.6241)?) = 0,7668

... Design compressive stress (f_}

= 641,92 N/mm?

{From Table 5.6)

Pt 20010
T ool 37 Ym | 0.7608+ J0.7608% - 0.624F
f 250
= 187.47 Nfrom? < -I‘r—;' =TT = 227.27 N/mm’® {OK)

- Design compressive strength of column (P} (s
Py=1 44,
= 187.47 x 7484 N = 1403 kN

. - 14 .
Working compressive load = I—?— =935.33 KN = 935 kN (say}

Astrut In & roof truss Is 3 m lang and consists of ISA x 100 x 100 x 6. Dsterrine |

{a) ans bon ,(ta.}two bolts  {c)walding

the factared siranglh of the strul if it is connsected on both sides by 12 mm gusset plats by

Y
Solutfen: - b—12mm
For ISA 100 x \ews 7]
A = 1167 mm? Ir—-—'<
C_,Z=C =267 mm \\ 1010028 |
r,=1,=309mm 7 :
Now r,, of single angle, ISA 100 x 100 % 6is same for two L : J
ISA 100 x 100 x 6 slnce 2 -.Z axis is same for both single
and wo ISAs, - - Cy -
g = 309rr|m 14
! = 2’1 of one ISA + Area of one ISA(C + 6)?]
But I8 olone(SA_ 111 smo*mm“ i
Y= 2[1113% 1044 1167(2s7+e)2}
= 47217 x 10° om*

f 1472 17x10°
5x1167 .-4498mm<r =308 mm

r,, governs the sirength of member

{a)When ons bolt is used
r=r,=309mm

kL = L=3000mm
AL 3000 oo
r 308

The member belongs lo buckling class ¢’

kL .
., For == 97.09 and !,= 250 Nimm?

i Iy = 111.2Nimm?
Demgn strength of column{ i
= A fg=2% 1167 x 111.2 N = 259.54 kN

(b)When lwe bolls are used

{From Table 5.8}

with wo bolls, effective fength gets reduced which can be taken as 0.85 times aclual lengih.

kL = 0.85 x 3000 = 2550 mm

: & 2550
i T = m B2.52



Ly= 135.25 Himm? {From Tabla 5.8)
- Py=2x1167 % 13225 N = 308,67 kN
{c)Whenwelding isused |
Welding makes the joint ngxd
o Kt = 0.7 » 3000 = 2100 mm
kL 2100
M - 30 3 =§67.96 5
fa= 1832007 ) {From Table 5.8)
o P 2x115"‘x}.:53N-:‘7“’4?kN ’

Comnute lhe deslgn comprassive Ioud for a colu. ;1 3.2 m long and Its section
Is ISHB 350 ® 710.2 N/m. The column Is fixed at bolh the ends. Use sies! of grade Fed10.
For steei of grade Fed1d, £, = 250 Nimn? . £, = 410 Nim2 LY

Partial factor of safely for the matefial, v, = 1.1
Etfective length factor for cofumn fixed a1 both the ends, ¥ = 0.65

ForlSHB350@710.2N/m ~

Depth of section, “h = 350 mm

Width of flange. b, = 250mm ;

Thickness of fianga, Ip= 11.6mm Y
Thickness of web, 1,=10.1mm

Gross area, A, = 9221 mn?

Radius of gyration about 2 - z axis, 7, = 146.5 mm
Radius of gyration about y - y axis, f, = 52.2 mm
ho_ 350 14>
b, 250 ,
Now, t, = 11.6 mm < 40 mm
Thus buckling curve 1o be used about z-zaxis is ‘2’ and about y - y axisis 'b". Now
<,
Thus column is prane lo buckle about y- yaxis and governing design w:esswe stress will depend
onk. . Inorder lo check this, the desiga compressiva sirength will be compute «‘h both y- yand z- zaxis.
Another pointto nolc is that, the design compressive stress (/) can b gomputed either by using the
Eq. {5.17} or from Table 5.8.

Approach-l
Design compressive siress using £, {5.17)

(i) About y- yaxis
+.' About y- y axis, curve 'Y is (0 be used
Thus imperiection factor lor curve 5" from Table 5. 6 u=034

Non-dimensional slerdernass ratio,

0.65% 3200)2
1 522 : =0.448
" x2x10°
$, = 0:5[1 + wla,~02) +27)
= 0.5[1 + 0.34(0.448 - 0.2) » 0.4487] = 0.643
~» Design compressive slress (f_;}

250(

o o . 250/1.1
oy +{62 - Aﬁ]"z 0.643 +[0.643° - 0.448° ]"2
= 227 27 Nfmm?

- Design compressive strength (p) = fmAg
= 205.82 x 9221 N = 1897 9 kN

(1) Aboul z-z axis
*.+ Aboul z-z axis, curve ' is lo be used
Thus imperfection laclor for curve ‘a’ (rom Table 5.6, « = 0.21
Non-dimensional slanderness ratio,

250[ 0.65 %3200

146.5 ) =0.16 <0.2
2 % 2x10°

Thus b, =0.2
¢, = 0.5[1 + a(A, - 0.2) +23)
=0.5[1+0.21{0.2-0.2) + 0.2%] = 0.52
= Design compressive slress (f_,)
L _ 25011
- e =
o+ [oz-kz] 0513+[052" ~027]
. De51gn compressive strength (P, 4% A
¢ '—22727:: 9221N
= 2095.7 KN > 1897.9kN
Hence design compressive sicenglh (P,)
= 16897.9 kN (about y- y axis as stated above)

7E = 2”727 Nimm?

Approach-ll
Oesign compressive stress using Tabla 5.8.

Strength reduclion factor 3 =

1 %
-—-——;7 which can be seen lrom Table 5.8 carresponding |
o+ {5 -77) |

1o effeclive slendorness ralio (L {7) ‘



{l) About y-yaxis

Elfective slenderness ralio about y - y axis = %‘: =E‘.5—55_’2‘%0_0 = 35.847
B .

-+ About y - y axis, curve ’b' is to be used
~ Fromlable -y = 0.907

, ) l 250 2
». Design compressive stress (1) = ;—— X = ET] x 0.907 = 206, 14 N/mm’
mo -

. Design compressiva sivanglh (P} = 1_,- Ag=206.14 x 3221.N = 1900.8 kN
{which is near 1o value caldulaled using Eq.{5. 17) which 1837 9%N)

(i) Aboul z-zaxis

Etiective slanderness ralio about z-z axis = L3 = 065 x3200 14.198
A, 146.5
. Aboul z- 2 axis, curve 'a’ is 10 be used
.. From Table 5.8. .
L= 0,997
) s 5 ). _f2s50 : )
- Design compressive svess (£ )= | -— [z =| = |0.987 = 226.59 Nfmm

.. Design corrjpressive strength (P} = £ Ay= 226.59 % 9221 N = 2083,4 kN
" (Which s close lo 2059.7 &N calculaled using Eq.{5.17))
+. Design comprassive strenglh (P,) = 1900.8 kN

FELICER I A column section is as shown In

tigure below. The length ol the column is 4.8 m. Using
stes! ol grade Fed10, compule the deslgn comprassiva
load.

Solution:
For sleel of grade Fe410, fy= 250 Nfmm? -
For ISMC 400 @ 49.4 kgfm

A = 6293 mm? b, = 100mm
=153mm t.=8.6mm Y t
r,= 154.8mm g=60mm . . I' J— - Er
I.=150828>10"mm® /= 504.8 x 10° mm? ¥ i
C,, =2a.2mm .‘ L 5
................ i
Gross area of column section z ;
= " ' ISKIC 400 :
A, = Arca ol two channels + Area of plate @49 4 kgim i
= 2% 6293 + (100 + 100 + 320)20 - :
= 22986 mm® - G i

Distance of neutral axis trom 1op
' (320+ 100 + 100)20)(10-&-2!_6293(%4—20)

y= {320+ 100 + 100)20 + 2% 6293

= 12499 mm= 125 mm
Moement of inertia of the section about 2-zaxis /,,

o
= ;3@5032.3 x 10" +6293(220 - 125)"’]-»{52% % +520 % 20(125 - w}"’]
T
\:’é 24,47 x 10° + 1378867 x 10
IE5313.14 x 10 mm?
Moment of inerlia of the seclion aboul y-y axis Iy

= z[smax 10% + 6293 % (160+ 2-1.2)2] + 20):-—152{;-
= 43713.44 % 10° + 23434.67 x 10*
= 67148.11 % 10* mm*

!H < f”,

+ Minimum radius of gyration will be r,

' Tz _ [5S31314x10"
+ Minimum radius of gyration 7, = & " oxEs 155.13 mm

H 4800
i lio = — = ———=3094 .
E!Heclwe slenderness ralio PRRRT R
Overali flange thickness of section t,= 15.3 + 20 = 35.3 mm < 40 mm
Thus design buckling curve is ‘¢’ both about y-y and z-z axis.

From Table 5.8.

1 4= 209.78 Njmm?
. Design comprassive load (P = f,,x A = 203.78 x 22986 N = 4822 kN
Cefculate the axial load carrying capacity Y 125
of the welded column seclion as shown. Column Is fixed st both
the ends anq it is of length 5 m. Use Fe410 grade of stes!.
; ' 450

Solution: i
For sles! of grade Fed 10, /, = 410 Nfmm?, [ = 250 Nimm?
Gross area ol the seclion, A, = 310x 25x 2+ 450 x 18

[ rsodaaanames i

= 23600 mm® ~ 310! ]
IMoment of inertia of the seclion about z-z axis
450° 310 25" 25y
i, = §8x—§+ 2){[—12—‘—4’310%25)((2251'3]

13668.75 x 10° + 8751042 x 10*
101178,17 x 10° mm?

1]



Moment of inerlia of the section about y-yaxis

Lo A 18%
R

= 12412‘925: 104+ 21.87% 108
= 42434.79 x 10° mm?
A I < 1‘}, )
1, fi2aza7ax 1o

= Minimum radius of gyeation r, = J Y = 23600 =:72.§§- mm

= 2)(2\»:

kL 0.65 x 5000
= Elleclive stenderness ratio = }; =7

Now ty= 25 mm < 40mm
= Buckling curve *c* will be followed

=44.772 -

For L 44.772 and [, = 250 foﬁmz, design compressive stress as per Table 5.8.

£ = 190.84 Nimm?
- Design compressive strength (P}
fg* Ay = “?90 Bg x 23600 N = 430382 kN

45503 52
= Axial Toad carrying capacily = v—b— = 3002.5 kN = 3002 kN

Daslgn a bun ‘up column with four anglss, the column ieng:h bsmg 10 m
which supporis an axial compressiva load o! 450 kN under working conditions. The column ends are
held in pashion and reslralnad agalinst rofation. Also design a sultable connecting syslem [or the angles.
Use stes! of grade Fe410.

Salution:

For Fe410, /,= 410Nimm?, /, = 250 Nimm?

Let bolts of grade 4.6 are used and thus /,, = 400 N/mm?

Factor of safety for angle maletialy,, = 1.10

Factor of safety for boll material y,,,, = 1.25 ﬂ‘

For prefiminaty design, let design compressive stress, p S, '

{aj = 165 N;’mm'*" oy ;‘ ;

. Cross-sectional area required, hr

A= £ where P= 1.5 x 450 = 675 kil
: "r.‘d
6751000 _ )
= e = 4090.91 N/fmm
-+*Four angles are 1o bo used
4080. -
- Area ol ene angle required = 408091 _ \022.73 mm?

[

Equal angle sections will be more desicable
Let1SA 90 x 90 x 6 is used as a trial section with section properties as (oliaws
A = 1047 mm?
C.=C,=242mm
A,y=A =277 mm

I= ! =801 x 10* mm*

Spacing of angles
For angle seclions, buckling curve ‘¢’ will be applicable
:, From Tabls 5.8, for buckling curve and design compressive stress of 165 Nfmm?, elfective
slenderness ratio is, .
1= 61875 v
For laced columns, eflective slenderness ratio (& ) = 1.05 x 61.875 = 64.97
-~ Column is restrainad against posilion and rotalion both and thus it is a lixed column
». Elfective lenglth of column = kL = 0.65 x 10000 = 6500 mm

i .
Thus T = 6497 | s -
= r= % _ 460,016 mm Py iy
64.97 T
~ Now 1= Ar?=(d x 1047)(100.046)? S
= 41919 x 10° mm? remmemnenes [ e
41919 x 108 = 4 x BO.1 x 10° + (4 x 1047) 2 ;
= 7 = 96.197mm .

Thus spacing of angles, S={¥+C,)
= 2(96,147 +24.2) =

. Design compressive sirength of column
Py= [ - A=165x% (4 x 1047)N = 691.02kN > 675 kN

240,694 mm =~ 241 mm

(&)

Connecling syslem jor angles
Provide doubte lacing system wilh lacings inclined al 45° lo Ihe vertical. Boiling will be done at the
cenlre of leg of angles.

« Spacing ol lacing bars - a, = {241 - 45-45)col 45° = 151 mm
A 151 _ 451450
. iy 277

Also 0.7 x64.97 = 45,479
Thus slenderness ralio of columnin belween the lacings

= 54851

<50 (OK)

<072, {OK)
Transverse shear to be carried by lacings

¥, = 2.5% of axial load
25 16.875 kN

= —=x675kiN=
100




<

| _16.875

N2
Compressive force in lacing bar of double lacing syslem’

<. Transverse shear per plane = =8.4375 kN > 8.44 kN

74 1 .
= % x ﬁ'cosec 0= —éxa.dd %x€0sec45° kN = 597 kN

Deslgn of lacing section
Let 20 mm diameter bolls ara used
= Minimum widlh of lacing flat = 3 x 20 = 60 mm

Thus thickness of lacing flal ¢ é(m 1-45 - 45)cosec 45° = 3.56 mm = 8 mm {say)
1

. Peovide 60 ISF 8 mm [lal section
8

. o
Minimum radius of gyratlon, r= «—— = — = 2309 mm
' hd NN
Elieclive slendemess ratio :'% 2 o141 4; ;g;)cosec 45 < 1as ‘ (OK)

siress,

From Table 5.8. for buckling curve ‘¢’ end effective slenderness ralio of 64.739, design compressive

g = 160.4176 Nfmm? = 160.42 Nimm?
- Design comprassive strength of lacing llat,
Py=f, A=16042x (60 x 8N
| = 77KN> 597N {OK)

Tenslla strangth of lacing flat

Diameter of bolt hole for 20 mm dia. bolts, d, = 22 mm
Tensile sirength of lacing flal is minimum of

(i} Fracture

, L
0.9(8 - o)== = 0.5(60 - 22)8 % %N = BO.74 kN

m
{ii) Gross seclion yielding

At
25 - (60x8) 28N = 100.00 k1
Ym0 1.1

Thus lensile sirength of facing flal = B9.79 kN » 5.97 l-"N (OK)

Dasign of connection
Strenglh of 20 mm diameter boll in single shear i
!uu _ 245 x 4@
" By JBx1.25
Sirength of 20 mm diameler boltin bearing (on 6 mm plale thickness) and assuming ky=1
(-, thickness of angle = 6 mm)

.

N = 452 kN

di,

il

410
=25x1x20x6x T——N = 98.4 kN

=25k 25

Strength of boll = 45.2kN

2x 597 xcol45°
452

- Provide two 20 mm diameter bolts of grade 4.6 for

connecling lacing llat 1o angle seclions of column

Number of bolls required = =0.264 =1

Design of tie plats
Tie plales are provided al each end of the column
Effective deplﬁ'o:( i plate = 241-21x24.2
\ " = 1926 mm>2x 90 mm
Overall deplﬁ“he plale = {928+2x15x22
= 258.6 mm ~ 260 mm
Thus tength of fie plale = 260 mm '

260 = &t plala

' . 1
Thickness of tie plate = E(Zdh 45 - 45)

=3.02mma=6mm (say}
.. Pravide tie plate of 241 x 260 x 6 mm

(SA90%x90=6

Deslgn a bulit up column to carry a factored axial load of 1000 kN which is
8.5m long hingsd at both the ends. Daslgn e assaciated lacing system also. Uss steal of grade
Fe410 and bolts of grads 4.6, Only avalleble saction Is the channal seclion. Explors all the possibla
arrangemenis of channal orlsniation,

Sojution:
For sleel of grade Fed 10, {, = 410 Njimm? and /, = 250 Nimm?

For bolls of grade 4.6, £, = 400 Nfmm?

Partial [actor of safely lor malerial y,, = 1.1

Partial faclor of safety for bolt material y,, = 1.25
Lei design compressive siress (£_} = 150 Njmm?

1000 % 1000
150

Arearequired (A) = = 6666.67 mm?

Try ISMC 250 @ 298.2 Njm

Thus area provided by 2 ISMC = 2 x 3867 = 7734 mm? > 6666.67 mm? OK)

The agvariage of buill-up columnis that Ihe least radius of gyration can beincreased so that its feast
radius of gyralion can be made more atizasl equal lo f e,
"mn = {I{
This is done by adjusting the spacing between lhe sections.

Effectivelength= kL = 1 x85=85m
Now minimum radius of gyration (% ..} = r,=93.4 mm
kL _BSOD *

S!endemessralic A} = — = —— =B5.513
@ r,  99.4



Elleclive slenderness ratio (&} = 1. 05;: 85.513=89.79< 180 (0K)
FromTable 5.8, B ’ '

KL .
lor (T] .= 89,78 and £, = 250 N/mm? and lor buciding curva '
2 ,-f

design compressive stress (/) = 12{;.315 Nfmm?
» Design compressive sirength (P, ‘,) fgnA i
= 121.315 % (2 x 3867)N = 935.25.}5N

< 1000KN : {Not OK)
ThusISMC 250 isnot sale
Try ISMC 300 @ 351.2 Nfm "
. Area provided by two channels = 2 x 4564 = 9128 mm?
Least radius of gyration {1} = T‘FB 1mm
o8 ssan
kA -;- = m = 71 97

kL
.. Efleclive slenderness satio (—) 103 x 71.97 = 7557

3
From Table 5.8, for (-’5::) i’: f,=250 men{2 and for buckiing curve '¢
o -
design compressive stress {f,,) = 143.09 Nimm»
=~ Design compressive strength {PJ=

= 14'5.09*2 x dssas)N =1306.13kN

> 1000 KN {OK}
Thus ISMC 300 @ 351.2N/m is safe

{a) Arrangement-1: Channals are placed back-to-back.
The channels are €0 spabr.d that e—
MOI, = MOI,

. ' g 2
= 21, = 2{1 +A( +c,,,)

2
=  2x63626x10°= 2 [31083:10 +4554(3+236H

Ie

T

'
I
‘
1
1
i
i
.
»
H
i
'
i .-
amnafars .-
1
H
H
i
‘
1
i
i
i
1
i
i
i
i

= §=183.103 mm =~ 183.5mm o
Thus place channels back to back &l a spacing of 183.5mm

Dagign of lacings i
Let lacing are inclined al 45° with the horizontal
Thus length of channet hetween lacings = {183.5 + 50 + 50)cotd5® x 2 = 567 mm

567 _ 567

. Slendemess ratio of partion of channe! between lacings = - e =21.724 < 50 {OK)
y X

KL

Also 0. 7(
.

) =0.7 x 7557 = 526809 > 21.724 (OK)
v
. . , . 25
Design shear tor lacing (V) = 2.5% of axialload = 765" 1000 = 25 kN

~ Shear in each plane = % = % =125 kN

v
- Comprassive lorcain tho lacmg bars = Hcoseco = 12.5 x cosec 45° = 17.68 kN

Section of tacing llat
Using 16 mm diameter bolts, minimum widih of lacing Ital required = 3 x 16 = 48 mm = 55 mm (say)
Thus minimum thickness of lacing flal

= 515 {Distance batween the Inner end bolls)

= Z'anaa.5+50+50}cosec45°

= 10.02 mm =~ 12 mm (say)
Thus provide 55 ISF 12 mm as lacing flal
Minimum radius of gyratlon,

t
r= N = ——r_ =3.464
) i 283.5cosec 45°
Sienderness ratio, = 3,464 =11574 < 145 (OK)
1
For - =115.74,1 =250 Nfmm? and lor buckling curve ‘¢’

design compressive sircss (£,) = 88.34 N/mm?
.- Design compressive sitength (P, )= f. .- A
= 89.34 x (55 x 12N = 58.3 kN

> 17.68%N (OK)

Check for tensite strenglh of facing bar

It 565 —
0.9(8 ~'dy) o _ Q9E5-18N2x 410 1oy o7y
: Tt 1.258
Af 56 5 50 kN
‘.n - {55 % 12)250 k 150 kN
Tmo 1.1

Thus tensile sirength of lacing bar is minimurn of above two values i.e. 131.07 kN > 17.68 kW {OK)

Connection al lacing bar with channsl section
Lel lwo lacing bars are cannecied through one bolt
Thus bell wili be in double shear

Shear strength of boltin double shear




bofts.

Aply _ 2157400
Vv,  ¥3x125

dif, 25x1x18x12x410
Strength of boll in bearing = 2.5 ky —* = ———————o——
Too 125

N=58.01kN

= 2%

N = 157.44kN
{Assume k, = 1)

.. Slrength of 16 mm diameter boil = 58.01 kN
Force coming on holl from the two lacing [lals

= 2)(%0019 =2 %125 % ¢ol45° kN = 25 kN
25 by
. Number ol bolts required = 5801 =0.43 = 02 (say)

.. Provide 2-16 mm dia. bolts

Deslign of lie plates . | - .
Tie plates are provided at the ends of laced column
Eifective depth of lie plale = §+ 2C,

= 1835+ 2% 23.6 = 230.7 mm

Minimum edge dislance for 16 mmboll =~ -
" = 1.5 dy= 1.5 %18 = 27 mm = 30 mm {say)
2. Overall depth.of lie plate = 230.7 + 30 + 30 = 290.7 mm = 300 mm {say)
Lenglthoflieplate = S+ 2 b,
= 183,5 x 2 x 90 = 363.5 mm ~ 364 mm

1 - )
Thickness of lie plale = 5(183,5 +2%50} =567 mm =6 mm (say)

Provide & tie plale of 300 x 364 x 6 mm at Ihe ends and connect il 10 channel vilh 16 mm diameter

(&) Arrangement-ll : Channels are placed face-io-face
MO, = MOI v

s 2
= 2= ,2[1,+A[E-c,.,)]

2
= 2% 63626 10* = 2[310.8)( 70° + 4554(%—236) }

= §=2775mm= 276 mm
Thus place channels tace-lo-face al a spacing of 278 inm

Destgn of lacings
Lel lacings are inclined al 45°.
Thus length of column portion between two lacings = (278 - 50 - 50)cot45® x 2 = 356 mm

- 356 _ 356
. Slenderness ralio ol column portion between the lacings = T %561 = 1364 <50 (OK)

kL
Also 0717 ] =07x7557=52899> 1364 oK)
o
As oblained in arrangement-! above, design compressive face in the lacing bars = 17.68 kN

Sectlon of lacing hat
Helre also, use 16 mm diameter bolls and thus minimum vidth of lacing flat required
=3x 16=48mm=~55mm (say}

1
Thickngs.é of lacing flat = :‘3(278 - 50 - 50)c0sec 45° = 6.28 mm ~ § mm {say)
! 40

Mir?imum radi*:wpyralicn () = —‘%_2- = _v"?=2 =230 mm

I {278-50-50)cosecds” _
: i 5300 =109.02 <145 {CK}
Provide 55 ISF 8 as lacing flat :
f
for,~ = 103.02 and f, = 250 N/mm? and for buckling curve ‘¢’
design compressive stress (f, .} = 95.8 Njma?
-, Design compressive strenglh (P, ) =7+ A,
= 85.Bx {55 x BN
= 42.1524N” o
: . > 17.68kN o Co ' (OK)
Check for tensils sirength of lacing bar ' '
. !{ -
0.9(B-dy)— _ _mB8%410 . _
o Yot 0.9(55 - 18} 155 N =87.38kN
AT B
ey (55x )ESON - 100KN
Yo 11
Thus design lensile steength of flat = 87.38 kN > 17.68 kN {OK}

Connection of lacing bar wiih channel seciicn

As in earler case, shear strength of bolt In double shear = 58.01 kN

2.5k,dlf,  25x1x16x8x410
T 1.25

Strength of bolt in bearing = N=104.96 kN

. (Assuming &, = 1)
Thus strength of boll = 58.01kN

i . 25
No. ol bolts required = g =0.43=1 (say)
Design ol tis plate
" Elective depth of lie plate = S-2 g,

= 278-2x 236 =2308mm
Minimum edge distance for 16 mm bolt

=15d=1.5%x 1827 mm=30mm (say)
< Querall depth of tie plale = 230.8 + 30 + 30 = 290.8 mm =~ 300 mm {say)



Length of tig plate = 2?§mm
- Thickness ol tie plate = gﬁf(z?a ~50-50} =3.56 mm=~6 rm

Provide lie plate of siza 278 x 300 x 6 al lhe ends.
As compared lotie plate size of Armngemem -lwhich is 300 x 364 x 6,1 is seen that when channe! are
placed face to lace, he size ol the tie plale required gets reduced.

{c) Y lacings are welded to ehangel
Letchannels are placed back-lo-back as per Arrangemem-
Design compressive lorce in thelacing bar = 17.68 kN
et same 55 mm wide lacing flals are usad. ‘ g i
For welded lacing flat, eﬁechve"teng%b offlat = 0.7 x 183.5 cosecmﬁ" = 181.66 mm

Thickness of lacing llat = E&x 183.5 cosec45°=6.49 mm =8 mm (say)

Min. radius of gyration = T—; = B =2309 i
;18166
-z ———— =78.67 <145
;= Zam oo (oK)

for ;: 78.67 and f, = 250 Nfmim? and for buckling curve '¢’,

Design compressive stress {f, 3 = 183,128 Nfmm?
» Design compressive sirengl&{Pcd)
= fogh
= 138.128(55 < 8)N
= 60.7BKN > 17,68 kN {CK)
Oveilap of lacing flat or channel > 47 = 4 x 8 = 32 mm = 50 mm {zay)
Welded connsclion of lacing bar with channel section

For ISMC 200, 1,= 136 mm
Let size of weld = 6 mm

07x6x410

~ Swength of weld per unil length = ——————— Nam = 6628 Nimm
JEx15
17.68 x 1000
= SRR Y 2667
Weldlength required ) mm !.ﬂ \
Weld length provided = 50 + 50 + 55 = 155 mm Ly
N b ‘1 B
Design of ie plate '
Overali depth of e plate = $+ 2C,, }
= 1835 4 2 % 23,6 = 230.7 mm = 231 mn //
> 20,{= 2 x 90 = 180 mm) ﬁfi/
Lengthof Gie plate = 1835+ 2x 50=2835mm= 284 mm

Thickness of fie plale = §"10 % 283.5 = 5.67 mm =~ 8 mm (say) -

Provide lie plale of size 284 x 231 x 8 mm

Dasign a column of helght 3.7 m 1o carry a factored axial load of 5850 ki.
The column Is effectively held at both the ends and restrained in direction at ona of the ends. Use plate
sactions Il required. Use Fe410 stael.

Solution:

For Fe410 sleel, {,= 410 Nfmm?, ( = 250 Nfmm?

Lel design compressive stress(f } = 190 N/mm?

. . P _ 5B50x 1000
. Cross-seclion area required (A) = —— = ———m———
- 190

=30789.47 mm?
. Try I1SHB 450 @ 907 Nfm~
Area provided by ISHB450 < 111. 89'x 102 mm? = 11189 mm2
b,=250mm,  {=137 mm

~ Area lo be furnished by plales = 30789.47 — 11189 = 19600.47 mm?
19600.47

Using 25 mm thick plates, width of plale (2b) = 75 =784.02mm
: . Y
784, k 400 |
Width of one plate {b) = 202 =392.01 mm=>=400mm [ I T 1_:_25
400 - 250

Ovethang = — =75mm
< 12i{=12x13.7 = 164.4mm) ~
Tolal area provided = 11189 + (400 x 25) 2
= 31189 mm? > 30789.47 mm?

For ISHB 450 @ 907 N/m,

1, = 403499 10° mm*
f, = 3045x 104 mm*
25

1, ol buit-up section = d0349,9x104+2[400x-——+400 x25% [420 ?25] }

40349.9 x10% x 2{52.oaax 10 + 56406.25 % 10"]
153266.6 x 108 mm?

4?33] = 20711.67 x 10" mm®

1,0l buill-up section = 3045x 10% + 2[25 %

et -\E f_______2971311.i15g 0 _o7603m

Elfeclive ienglh =kL=08= 3.7 =296 m

A2 g0
r 97.603
t,= f,of f-section + 25 = 13.7 + 25 =38.7 mm < 40 mm
For kLjrand f_ = 250 N/mm’ and using buckling curve '’
design compresswc stress (£, ) = 199.69 Nfmm?
.» Design compressive strength (P_)
= [, A =199.69 x 3118IN = 6228.13kN
> 5850 kN (OK)
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Q.1 Which of the following beam seclions is mosl
prelerred as a column seclion?
{a) 15BH {b) ISMB
(c) 1SLB {d) 1I8w8B

Q2 The design compressive stress In an axially
loaded compression member is given by

Ymo

Here lhe faclor y is called as

equal lo

g =
and is

{a) Stress reduclion tactor, [¢ i(e? = 12]}"2

1
b) Siress enhancementfactor, ~———mm
® 4+(7 -2

1
c} Slress reduclion lactor, ~—————————r
@ o+(* ~2%)"2
v2
{0} Stress enhancement faclor, 9 + (¢2 - l"’)

.Q.3  Aseclion is said to be plastic whan outsland of
cornpression flangeis -
@ >94¢
{c} <94¢

b)>84¢
(d) <84e¢

Q.4 Under exactly idenlical conditions, batlenad
column as compared lo laced column is
(a) equalinslrength  (b) weaker in strengih
{c) swronger in strength (d) data insullicient

Q.5 For aballened buill-up column, minimum number
of batten plales reqruied are
(@) Two (b) Six
(c} Five {d) Four

Q.6 The minimum thickness of lacing lat required
for single lacing syslem is than
minimum thickness required for lacing flat in
double facing system under identical condilion,
(a) 50% more (b) 50% less
() 66.67% more {d) 66.67% less

Q.7 The elfective depih of end batterns should be
i) More than wice the flange widih of
component columns

{i) More lhan the distance belween CG ol
componen! columns

(i} Less than twice the llange width ol
component columns

(iv} Less than the dislance belween CG of
component columns

Ot Lhe above slatements, the correct ones are

@ (i}and(iiiﬁ {b) iy and (iv)

(c) (i)and (i) {d} (iii} and {iv)

Q8 The axpression for design compressive stress

as given is 1S BOO ; 2007 is based on
" (a)”Rankine formula

(b) Perry Rabertson formula

{¢) Merchanl Rankine formuta
- (@) Secantlormula

Q.8 The maximum parmissible slenderness ratio of
single angle section corrected with one bofl anly
and is being used as a slrul is

. - 250 : {b) 1680
T {c) 180 (d) 145
Q.10 Splices for a compression member are designed
as
(a) Pedestal (b) Long column

(c) Compressionblock {d) Shortcolumn

Q.11 The four buckling curves as given by IS 800 :
2007 takes into account
(a) inilial geomelric imperfeclions and method
of manulaclure
(b) sell weight of the member
(©) seclional geomelric propenties of the scelion
« (d) Al of the above

Q.12 Slrain hardening in short columns
1. 'increases the collapse I0ad
2. islaken imo account far design purposes
ol the above stalemenis, the correct one{s) is(are):
(a) 1only (b} 2only
{c) Both(tyand(2)  (d) Noneof(1)and(2)

0.13 In which of the lollowing types of column, the
failure Ioad is proportional lo flexural rigidity (Ef)

Q.15 As per IS 800 : 2007, a separate provision is
given for which of the following compression

of the column and independent of sirength of member?
sleel? {a) Double anglestrul {b) Single angle stnut
{a) Shortcolumn {b) Pedesial {c} Channelstrul {d) I-seclion column
Ls I
© O?gcu umn @ 'f\“ of these Q.16 The critica! slenderness ralio for Euler's formula
Q.14 Which of the following types of section are from yielding o buckling is
preferred as compression membors? (a) 28.25 {b) 88.85
1. Compact ! %2, Semi-compacl (c; 9845 {d) 50.30
3. Plaslic 4 Slender A TERSERR
' AR TR
Thecorrectonesar!f - "(5‘ 25%:) 3 () 4. (b ‘c"’)‘“
(@) 1and?2 ) 2and 4 : - (e} 4.(B) 5.
{c) 3and4 {d) 1and3 6. (a) 7.(c) 8. (b) 8 (¢} 10.{d)
. (8) 12. (a) 18. (c} 14. {d} 15.(b)
16. {b)
Gl a—;'?,Pl }:"‘.\;; gl ) ﬁ—;‘w PR
Ve el PR OB PR

[oR] Determine the desugn strenglh of ISA 100 x
100 » B whichis 3.1 mlong and is being used
asa strul. The ends of the member are weldsd
10 12 mm thick gusset plate,

Q.2 Acolumnin building in 3.35 m long with both
ends restrained in posilion and direclion both
alon;j z-z and y-y axis, The column is required
lo carry a lead of 2080 kN. Design the colurmin
section.

Q.3  Design a signal angle disconlinuous strut to
carry'a factored compression of 1BOKN. The
inlerconnection of the strul are 2.4 m aparn.

0.4 DeStgn a centinuous strut lo carry a
compréssive ioad of 160 mm when effective
length of the stnit is 3.8 m.

Q.5  Daesign adouble angle discontinugus s'!ful ie]
carry a load of 225 kN wheninterconnections
are 2.75mapart.

Q&  Designalour angre built up column-section
with lacing which is 6.8 m long and carrigs a
faclored load of 2500 kN,

Q.7 - Abuiil-up column sectionis required to carry
) a [aclored load of 2800 kN. The lengih of the
member is 4.2 m. Design the colurn section
withchanne! placed (i} back lo back {ii} loe Io

‘toe. -
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