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10.2.2 Rased an Type of Lcod:'ﬂg

1% Concentrf'cajfj Looded:
Load is- placed at CG. of section.

2) Axially Loaded:
Load is placed at an eccenkricity within S of
lgkeral dimension.
33 Axial load with uniaxial moment -
load 15 placed at an ecwnh:'c;}y about raxs
Gﬂl‘y,

4 Arial load with Biaxiad Moment:
Load rs placed al an eccentricity about both

axis.
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10.2.3 Based onglf’”df‘”"féo 5326
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10.3 Effectyve Le‘n\?bh of Column:

I+ s Ehe diskgnee beébween
ot point of zero moment.

point of contraflexur
T o bher words, f&nyl—h ok

column thakt eftectively participates in buckliPg is
o,

codled e ffeckive fength of column,

Support
Condibron

LU NSudported Le Ff

i | Lefs
h'
e
oz
:[LEH
b o od

THEERT

Theorebicad

Le}if-: 1.0 LuﬂSUpportt’d

Legp = 07 L unsupported

Lept = 0.5 Lunﬂ,fppoded

Lf‘ﬁi = 1.0 Lunsuppoited

Re ccommended .

Lep =10 Lunsupportet

Le” = 0.8 Luf‘asu-PpOriﬂ:l

Lejj =065 L eprsupporte
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Lefr =20 Lunsupported Letf = 2.0 Lunsuppoten.

Lefr = 2.0 Ly nsuppmt'ea! Lc‘Hl = 2.0 Lunsupported.

ﬁw-r Leps

Ex. Calculafe effective Length of an electric pole caryying wire in

one direction at top and embeded 'n ﬁorge Size Foundedron
at bottom.
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* Note: 10-6

« 'May also be different abouf different ases
. supported by walls from two oppoSite
b oifferent

LUnsuppo;i-

For ex. a Ccolum
sides has
adTEsS -

di Fferent L‘-‘”Supporteol abou

0.4 Codal Provisions.

10.4.) Maaximum Permissible Length:

e Larﬂemiw restrained od ends

Ly nsuppoited ¥ eab

°La=!f?rall_j Nnot- restrained at ends
180b*
Lunsupported ¥ D

1042 Minimum Fceceentric i»i’.y 4

Every column must be desgned For minimum

eccen brici by ks atcount Por constructronal defects angl

material mpeTPf'ct ron., -
& :
Q,
: ; . Lunsupported . EELDJ x|.5
Emin = ™Maximurn S =
* 0NN

104.3 Longr'tudunaj F’{-‘iﬂ&ﬂ(i‘“?’ﬂt-‘-i’)l;
- Minimum ©0:87% oF groﬁg Qe .

' 3 v o to
- Maximurn 6°%/. of STO‘S“S area (_Prochcaﬂj g, auc

Lapping)

- Minimuns dra. 12mMmm

- Mimmurm 4bars For re(‘bﬂﬂgujqr column and
6 for crrcular colummn.

- Minimurm nominal <ever 40N ar dia . of bar

whichever s greater. This can be redysed o Z5mmm
for pardiq. t2mm and sect'on dimensten 2007 m oy

less .



- Minimum 0.157 of qross area for pedestal -7
- Maximurm spacing alon&: peripher’ should mot exceed

300 MY .
' P 300 mn%

10-4.4 Transverse Reinfercement:

-To prevent buckling ot &

- Por confinement of conerete.
fongiwdun@! ceinforcerment at posiEon.
I istance aﬁamsf‘ shear and Farsion,

Qngi‘iud nal rernforcement.

- Te bold
- To enhance r€3

10-4.4.1 Lateral Ties:
» q:’icng;max/ﬁl

(b; Maximury)
e EMMM

e Least Laterad dIMENSION

S £ Minimum 16
4 4310ﬂ9.mi!)
e 300MmM

10-4.4.2 Spiral/ Helical Re inforcement:

reinforced columns are
s 5%

i Spf'faﬁ(y more ductile and
its load carrying capacity h,-gh-p-, than celumn
wth laterad Lres.

- Concrete of spirally

lo Friaxicd compression.
;s considered as spirally veinforced if

reinforced columo 'S subjeefed

-~ A column
following condikfon /s satisFred,



Velume of spirol R/f
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10.5 Assumplions.

1L Assumption 1 ko 5 of Wimit state of colfapsecof Flexy rp
are applicable for compression member also.

2 For axially foaded column. MAX MUYy COMPressive Straln |,
all Fibres 1's &imited to 0.002.

| | ., in D concrete |s
section is under compression. max(mum strain

Limited to 0.0035- 3.th of compressive strain oF feast comp.
4

Fi bre P P
- o
—

6.002 0.0035-07F5¢€

(0.6 Concentrically loaded Shert Column.
Pu ;

' Pu: PUQ
= PC -+ PS

= feAct fse Ase

= f (Ag=Asc) + foc Asc
Pq = FC/:\EJ'\'(FS(‘ f()'Ag(




106
At strain 00027 -

,gc': O-45Fck
fse = 087@ (FEQSO)
0.9 Fj C‘Pe-q,\g)

0.745& ( Fe Soc,)

Nowo,
Pu= 045FfcAg + LoT5 Iy~ 045 fc) Asc

For spirad RIF

Pu = 1-05[ o g4sfcx 'pr-g’f‘ C O"?SF_B ~0-:45 Fex) A-5J

Ex. A RCC shart column of size <450 x450mnnn is rernforced
wWith 4-20¢ of Fe qi1S. calculate concentric work!n9 Banial
cairying capacity of column by tgnorfng reductron of
conerete airea due to presence of stee|, Mag concrete,

= Mo e
Py= 0+45 fek Ag + 0-75fy -Asc

= 0-45%x20x 450x450 + O-F5 X 415x4v<_;&xgo’l
Pyu=- 2213 63kN

Workmﬁ Leads Fa . Z7 777 149578 kN.

P 2013.63
5 8

10.7 Axially Looaded Short Column:

It s obtamed by reducing Load carrying capacily ok
cencentrically Loaded colummn by t?(DPTO'Ifm"“"Mj 10° 1o
account far f‘(cﬁntr{rr"&j of load within 5% of lateidf
dimensign,

py= 04 rck,-ﬂgf (0.671 fyhoudfrk).x\sc.
For spiral R/F

Pyz= 105+ 0.4 fele Ag + (067 Fy-0-4 Fek) Asc]



"Ex Calculate azia) load carrurna C‘apac;[y of secljon 500 x 600Mmm
yeinforced with S—Z-Ogi oF Fe 415. M20 concrete.
=5

Pu= 0-49 fck‘ Ag <+ ( 0-67;3 .- 0'4Fck)‘A.SC

=04 x20 x £00X600

Pyuz= 307878 kN

f2.8 Design af Axially Loaded Sheit Column!
1. Seclion sizé€ 15 given and steel s to be olé‘jfgnﬁd.

+ 9. Section size and sleel both are to be designed.

Fx. Design the vernforcement of a Sp:'raJ_fj reinfForced column of
dia. 450mm. It is subjected to factored axiad load 3000kN
Lunsupported 3:4™. pinned supparted al hoth ends M2S.

Fe 415, Mild exposurt.

Lepf 3.4x10°

Sienderness Ratio, A=
' D 450

A=F.885 < (|9

So, column 1s short

L : N 3.4x10° 450
unsupported +_1_: .

30 566 =5 - S

€min = Maximum 560

& 2_0

_ < o0.05D (22:5mMmmM)
em:n‘21‘8mm '

So, column is axially loaded.

Now . |
Py = 1-05"[0'4Fck Ag + (o &7 Ry~ 04 fee) -f%c]

3000x(0%= 1.06[ (0.4 x25 % L a50%) +(0-65%x415- o-4xz&5‘),‘@
3 |

Ascc 47 25.65 mm?*



vafdt'nj £169 of 8 612

Transverse reinforcement .

e a e 2
¢S } Maximun, ijtong,rﬂa*x/‘fl- - %— = &mm
d--é mm
Assuming gz 3mm™
.z D2 % clear cover
=450~ 2X40
DC‘:— 370 mm
Now, :
Volume of spiral per pitch 6.38 Feke Ag )
- s . -
Volume of core per pitch ' {j Ac
TC 2 J
— X e (¢ De- - /s D
P ¢5‘ X ¢ g 433) 036 P(‘_k ( .4 E_) ——l)
— = = T D¢
TC x p2x piteh
4 :
= i 2
RE*xretx (370 -8) . 0.36x25 ( 450 )
: 2 -~
7 4w Sl

3F70%x Piteh

Piteh < G117 mMmm

’D?O-ghou]d be such that this value uslt he Yore than 25mm

S/ pt‘tchg MiNnIMUrn» ke
. Pe_ 370 '
5 = ?-:6’1.6'6’ m m

.25 mm

S/p,mq} Max (- mym i

3(1’5 =3x8 =224mMnry

Pyoviding spival of 8¢ @ Semm <¢/c
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Ex. Design rccfaﬂgu_ﬂa-r section of column subjecteo] to

factored axiad load 4000FN- Lunsypported © 3-4m. D
connecled at one end anod Pixeol at ancther end, Fe4dis
anc M20

i In Senercd’, {-2°, of gro$5 ren vs p"row'chd asp for)gitudr_
-nal reinfagrcement. Con.srden’n\_g 1.5 % as fooyii‘r.zdr’ﬂaj’ RIF
Ferthis  prablem.

Secekign siz€ (S rf'quired to c’GS‘S‘J'fy column as Qfx;‘cdfj
toaded shoil column. Since section size (s not &Nown So

it ocde short column,
a ssuming column as axially foa of o

Step ! - Gross area e
Puz 0-4f ‘Ag + (0-67 Fy -~ 0-4 Fee)-Ase

. 3 . ; o # A : :[_é
4008x%10° = 0.4x20x Ag 1 (0.69x415 o4x203w100x{9

= ﬂj = 331929.59mm

ﬂs;uminy D/b; .25~ (Preferably i to3)
bE =Ag
bx1.25b = A_q
bz 515.31 my)

Sectron size smallerthan this value resulks inkg h’BhC“k
7. of steel,
Assuming = 500 MM
D= l2sbe 1252 500= €258m,

o
| ; Slendernegs ratlo -
: Ao Letr
" o)
e e p-x
( 3
: - 0.8X 3 4x1C
| 500

Az 544 <12
So column (s short:
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Cmim.2 = Mazimum ~L”M+ D
500 6
5 Qorf)m
= Mari —— = 276 35mm
AN 500 30 ‘
e 20Mm
€miny = 29.63 Mm < 0:05D (31.25Mmm)
Luns rhe b
€min.y = Maximum . —____u_ff’_c’___‘l_Q e
J SO 30
© 20 Mmm
: - 3.4 x103 506
- M i il o —
= Maximum sopg t 3o ° 23,46
* 20 Yim
i - , _
So column s axiaily Soaded.
Now ,

Pu= 04 er'Aj + (067 f‘j'—- 0-4155(,;) ASC

doGexI’ = 0-4 x 20X 500%X625 t (0-67%x415 - O-4>2¢) x A
C

= Asc = 5554.52 MM*

Abtleast 3-bars on ecach face ( totad &-bars) are
requireqd to sa}r‘sFy maximum SPacing Criteriq  (30QmM M)

= Provid INg 4-39 ¢ A 2 -28(}:

Trans verse RIF
'¢Jion9,mca:r/4 = %2: = dmm

cEYD TN

« Least lateral dimension= S5°90mnry
Slpikch < Minimum § , 1¢ ‘onr@,m,-n: 16x28 2 448 mm

$ = Maximuym

°*300 MmN
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Provfdf'ng 8¢ @& 300 mmCle

10-9 Short Column Subjected to Axial Load wi'th Uni-aqziaf

W)omé’ﬂf. o
u Py
2 My |
[ S

1 S, .
v_:\T,\_ﬂ

Step 1 Load carrying capacty of section megns Taxrimuro
applicd foad mustk be equal to res/stance of scetion.
pu: Pu -—
R or = puR
MULT\AL{R Srie €L'R

Step2: To calculete Pup and e€yp, fallure criteria shoyld be
Enown. L5456 provides fallure critevia for column

subjected to axial Load with Uniazial ™Momenf-0J

given below

D o _ BC
o o -
AR cn
e ¢ s
0 o) o AE. . Z
e . —
D:\() - 0 0CO2 O 0035-00m
~40-00;
. Pivot 27 _15.0035-095¢ z= 29
O s el ’
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In above strarn dr“aﬁram, different valuyes of &
represents diFferent failyre strain profile. This is possible

because a column_ farls with mulliple loead combinakions
of Py and Mu -

rFpu_: 5000 kn (5’ M ie JSOOkM‘n’)

PLl = 4000 kM _§ Mu & «1000 }i‘[\i o

._P‘-k: 6oo0c KN & Myz 1000kN-m

v .
All are representing different failure strain profiles

Step 3 Resistance oF seckion <o rYFS}DGJ‘JC'J.'"Ij? o Fﬁ:"!ureﬁhﬂz‘n
pvofile is calculated as fellows

4
o ; &}
|
o} i (e ] b
o | -

1
|
|
|

_L0.0035~0-15 €

.'SCQ
0-45fc 1
CL
)O P £ —Pup & € «— Sbress farlure Strarn e <,
uSMu<s—Pu$ €y U R U e, dfﬂjrqm P
toc, § Eser 9 Eppg

Fsc,
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from above sequence, 'k s clear that different posikion«
ofF %y represents diffevent foad Cd”y;'rl? capatity

( Py and Mu)

of section.

In above sequence, Pu and Ma €4 My cannct be
represented in terms of %, because Fso and €seo are nol
fh[-("‘?rf’JCLﬁE’déy any rmathemaltical FUH(‘HO.’O

Pu§ My # Fxy)
because

fsc & F(C—‘S()

Step4: To overcome above problem, Capacity of section

[ (P(.IR § Eug)
-nding to different pPosiElons GP' hIA.énd they f:'lff’
dn Fhe F@H’Y’ of STGPH. This Smphiﬁfﬂ
is caliled as Interaction Curve

or (Pug ¢ Mup)] IS calculated correspe-

represente
repwesen takion
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To draw above inlerackon dfagram, -&;Jlom@ quanhbes
Qre T'E’CfUI"f‘f'd.
1. Gyade of concrete
2. Grade ofF Steel
3. SecHon Size (b and D both)
4. Shape of section (Rectangular & {’,l'rculao

5, i ratio
D

S @vransf'men!- of Reinforcernent

o e c © @ o
(o] e o s}
0 £ o o
< | o o o ©

Bqually distibuted on 2-face ¢ 4-face
. Avea of fongitudina steel § L of longitudinalctee .
IF . of [longitudinal steel s changed then similar

‘nteraction curvél qre obf'afm?d.

Step5:. RAhove imleraction d:’agro:m can carvy Aimited £oad Combina-
-Hons. Since, load combinations could be 'nfFinjte sc
dimensionless interactian diagram 15 plated to ater

infrnite foad Combinofw'ong.

Fckl'-"""D ‘\

™




To draw dimensianlesc inkeraotigrn J

qudnl-i ey are r€eq urred :

10- jq
"Cl,ﬁ ram, , followi n g

1. Grade of Sleel
2. Shape of section

3. df

—

D

raltio

4 Ar'ran3€MPnf of Qei'nﬁorcerhenl_

5. ¢, of reinforcement .

Inleraction 'fofﬁram (SP16)

B
Qectangular Crredlar
L 3
2-face 4-Fface
J
l ! &
Fe250 Fe 415 Fe 500
— & :
] ’ [ J
.9.1 & 08 QA Q.15 0.2
D

Impartant

169 1

Points about Inleraction Piagyam:

- Point B represents balanceq)
faflure of seckion

- Parbtion AB represents
compression fallure because
concrele aftains (ks permissibic
value before yiclding of stee)

_ Psrtiorn BC represents
Lension Failure becadse

concrele atbaing its perm)ssible value after J!"eldt"sz

of steel.
-Hr)y bead combynation
s safe for seckion

Falling within interaction Curve



10-20
10.9.2 Design Steps .
Step1. Calculale design axicl load and uniaxial moement
(Py and Mu)

Step2 . Assume any gsurlable value af b, D, g ratio,

D
arrangemen| of refnforcement . f.,. and fy are given
Skeps; Calculgte Pu e 1c) Muy _
!Qk bD JrfthJh

Stepd.  Select suitable interaction charlt From SP16 Correspo-
=nding fo shape of conevele Section, arrangement of
reinfarcement , grade of steel and d' atis

D
Take volue of .;_fi From selecked 'nlerachon chart
Fek
correspond t ng toe _Pu and _Muy =
fee BD fexbd*

*Note !
If nol able te find any sujlable poInken
rnteraction chark Fhen rebise datacof step 2,
Steps5. caleulate area of fongr’ﬁudr'rmf skeel meTPL oF
o e

previous Step
Slepé: Provide area of Jongi'i*udfna_) clteel inthe formef bors

0s per r"hfera(‘HOr'} dr'nyCim used,

Step 7:. Provide brangyerse reinforcement-.



Ex Df‘i"gh the reinforcement of RCC short column of section
$1ze 400 x600 mm . It Is Subjected to Lacrored axied foad
1400 kN apd moment 280 AN-m about ™ajor azis. M20D,

Fe 415, effective cover 60 mm. Py
Mu

=
Step 1: Pu=1400kN = -
Mu:‘. 280 kNm

Step2: bz=400MMm

D= 600 mm
._9'_’: 60 = 04|
D 600 J__q,___ s
4-face Al Major
Fek = 20 Nimm* 400 :

x 2 '
/’j—415 Nrmm o

fer bD
My = 101
fek bD?
Step4: Chart 44 .. . .. (From Spis, reckanqular 4~Fac@)
Fedt5 ; 4'- g.1
> D
—t - 008 o ( Chart 44 Py = 0.29 ;r—’—\iL_‘__. ol 508 |
fek Fek bD FekbD?
Sf‘ﬁpg; P - 008
)rck
Pr= 0.08 X200 = <8
A‘St - 16
oD X100
_ 1.8x400x600
¢ 100 i

ASC‘: 384Omm’2
ﬁﬂéqsf 3-baws on each face ( total 8»bqy_g) are required
for equaf destribution on atl 4-faces and to sabtisfly
maximurn  5pPacing critera q,fonﬁ periphery (300 mm)



me‘d J'ng 4'32¢+ 4-164} 1022

Step 6: Transverse reinforcement

; ‘ ¢‘mf)g‘frm:r /“1 =~ 82 ~ &mm
¢ > Marimum =1
« &€ mrm

« Least lateral dimension =4oo M)

e |& ‘pﬁ@ng,mm: I€x )6 = 246 M m
. 360MMm

s< ™Mimimum i

Providing dP @ 250 rmm cs¢

10.160 Shoart Colurmn subjected to azjcd load with

’- . . A
Biaxjal Moment: Pu. Muz. Muy.
LS
g - Axis of bendf‘nﬁ is
T ; perpendicular o line
" ~ \\‘\ : {(Q _g'r _jos'n jhg CG Gﬂd Pc”nbap
E Sl .x.‘l.?}?..-.l:- .Y application of Loao!
B }'\\ \-"‘. & |
= ' L g G All NA are J‘nf}lnecf am
-~ I ™ “‘,\_—_a,. : | . : - = ;
~ J_—'_\_.‘:. %{"5 o pa ralle] o axis of bendin
= . | ﬁ\ @g/n ‘/
- dj

x/ ; 7 - Slope of axis = &+ T
NA et of bend r‘n_c?

Where, tAn o = st

b

10-11 Lonj/Slendfr Colaumiy:

Long celumns ar€ also d(‘.?;gﬂeol as Shert eolumn
withh some addibionadl ™Moment le cccount for
slenderness of column.

Due bo slenderness , member 77 ALy be
Sub\)éct(“d to additicnal maement Py €.

IS 456 provides S'E-dnerd expression for this
additionod mement



Lo ng

e
Column%

10-23

Now . column IS df“Jng}Pd ot Short column gubjecfed to

£x Whal s the minimum Size of a square colum

Pu, Max , and May
A9
bl
|
I |
1+ SR N —

n ftor

being axrally foaded?

= For being axially toaded,

(it ) ey, S GOED

280 & 008D

= D>400mm,

- Chapter 10 Ends Here-..



