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CHAPTER 19

Limit State Design of
Columns and Footings

= - - -
B ] H — T Pl — - =
| £ ML o & e Ll - | .‘__-__'iidl_‘_"‘:“ o — T— T Sy = e =
ek = e e e wralherd faaa d a2k g wea =l D
JH' - o -
. L= l-"_":\ | gl '.—r-_-"-" . r"]la.““_ = E

at --\1""'_ e i ‘ AL Ld - Eah B, = | e P S — PR P L,
s & - 13 &S0UI2E0 WD IGSMDTTs T2ns-
o bl
i P | "

r - - TR TR = o —
i ] | ——— .

- is LRy UL PRI SRl LT LETIT t=33t bt =l %1y o ey sy, -
=L - - . SETR— g b L3 et d ) _,_-1_.-""?'

L= - & = &

i = =]
P wr IR ST 1M | o B - - —_— —

e 15 2Ny direction s S thome: oo (.26 Y y

.-Iﬂ..._“_._-_‘ .'“' o i , - Rl hd W alrli Lo L _F:u.k Tl Lini i:_":_.. ""'—-‘F--"-l i - =1
w0 —_—— - m o o e LA L S -
J et - ]

. = - =
- T =] = "'."'11 T..... PP . = P -

2 13 Col iy e WU = COINDIrassIion mamheT Ine 21f=rin e
'_u-i..-;‘-" e o Bt 2 R i 2= [ B e b
il

~ T = —
L 1 s T =3 -

-'1":“ 1T |ir [ | (g WA L a L] et i1 oy = = i 1= T~ T [ B N — e
_'—._"'.‘:_-.E L b (= P T W - - 2 dibis Lo zias
- . e

" r - g iy i.-.. ) - = - o a——

,.111‘ | :"‘\- J:“"b'\_]. ..1-:' "-'-bl'""-r! L O LI IL-..-. 1_4'1”' '.\'—.,h.,._ {  ITS ST '__.-'.-_-‘;' o
ﬁf_.x..'--' La = il - - [ r Iz B e a s

L

T 1 1 N -
— = W pm gy oy B R 5 r—_,.n . ] 3

larnaifl 15 ) o Uidcatl L — L] . B L i - =t M1trien ™
2 lengih 15 less 1han mes io least lateral dimen Sion.

i o
| o |.5|' [P P | “;J} HTINS 3 ! R Al | -

e f J P | l; | Tk ! | [P ] B e = - — - . ——

-'_1_&!,‘:_::. It A CAD LAl lklay, LhId il soally LU UG if j i e U=~

e
M -
I g LT 7] "ang e -g
- Dare COITIDIESSION 1211Ure

inie SIFR S

- i
r

I -] Ir ‘i oy —_— :u--1r' 'a-""‘Ju -:"'"-F_-";'-".' "-‘ s Tz
.- : Tl | ] M=—=T1r I
5 f{_‘:,“!r,lhi{_.{_, L'.,';..p]r". SVL il LRCIIUNEY il e
- £ =
- = "l — | PR -__i:..--ri.-r :p--i “Tr‘:-l-F:t.'
- & ] r i FEl ™ ! |
L] v Lz silia ISLZ2D1S
| .1,| {{:_]“JI Ly Lig Epl.wligld ¥
. flure modes depend primanily on the slendemess ratio of the member
1 7 ™ i =% =y r =) - = — T -
ln:"'.: Ii'i]lu:r.. ]Tj_r._,,___ i | il I.rlllj_-'_..'.-‘- WAL B2 0 R TEN S DR S e Rt 0] Bl Dl 1000 4 s
= .
e - ﬂ._-':"-lr-l
o —

10.2 Classification of Columns
4) Based on Type of Reinforcement

| Depending on the type of reinforcement used. reinforced concrete columns

ar¢ classified into tae following three groups.

) “Tied Columns’ in which the main longnudinal bars are confined
within closely spaced lateral ties [Fig. 10.1 (a)]

| 2 ‘Spiral Columns’ having main longitudinal reinforcements enclosed

Within closely spaced and continuously wound spiral reinforcemant

| [Fig. 10.1 (b)]

‘Cnmpgg,ju: Columns’ in which the longiudinal reinforcement is in

the form of structural steel section or pipes with or without longitudi-

nal bars [Fig. 10.1 (¢)]
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Rolled SIEE[7<-4

| Tied Column (b) Spiral Column (c) Composite Colyy
(a e .

Fig. 10.1 Types of Columns

: o commonly used haviqg .
In eeneral tied columns are the most cor Y having Uiffeg,
o=

qrcular etc).
shapes (Square, rectangular, T, L. ':j”m‘{,‘ 1uhrj .
Spiral columns are adopted with circuk 8§ NS ang g,

square and octagonal se

| fiy
ClL100NS.

b1 Based on type of loading

Depending upon the type of loading columns may be classified iy, .

following three Lypes.

i) Axially loaded columns supporting L?f)ﬂ(?]‘[‘:fﬁ Ii}fids are relatively
Interior columns of multistoried buildings with symmetrical loag
from floor slabs from all sides are common cxamples of this Lype |
Fig. 10.2 (a)].

i) Column with uniaxial eccentric loading are generally encountered in
the case of columns rigidly connected to beams from one side onl
such as the edge columns [Fig. 10.2 (b)].

iii) Columns with biaxial eccentric loading 1s common in corner colums
with beams rigidly connected at right angles on the top of the colun
[Fig. 10.2 (c)].

i ; . : 1ol forie
Eccentrically loaded columns have to be designed for combined axial 10
and bending moments.

¢) Based on Slenderness Ratio

| el
Depending on the slenderness ratio, (Effective length/Least Jateral d

sion)
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B S
— . *—-Ex _1\
Centroidal |
/U‘Kﬂs\
il
Y
4T T i re _ =
,/J—,’A I = i
Cross section -
1 Loading (b) Uniaxiq|
o) pxiol L Eccentric (c) Biaxial
| Loading Eccentric
Loading

Fig. 10.2 Types of Loading op Columns

1§ may he classified as.
ﬂ.l'[ﬂ ' -

| |
Short Columns

v !":

[l *

5 456-2000 code clause 25.1.2 classifies a rectangular compression
iher as short when both the slenderness ratio’s (L/D) and (L, /b) are

ﬂ-,i;.,'l

55 (ha] |2,

e Lo = effective length in respect of major axis
D = depth in respect of major axis
L, = Effective length in respect of minor axis and
h = width of the member.

If any of these ratios 1s equal to or more than 12, then it is termed as
Jender or long column. This definition s not suitable for nion-rectangular
ad non-circular sections where the slenderness ratio is better defined in
ems of the radius of gyration rather than the lateral dimensions.

03 EFFECTIVE LENGTH OF COLUMNS
.31 Computation of Effective Length

lhe effective length of a column depends upon the unsuppqulﬂd length
ons) and the boundary conditions at the

“ilance between lateral connecti |
of the framing beams and other

| column due to the conditions
Embers,
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324  Reinforced Concrefe Design

The effective |

ength ‘L., can be expre

ssed in the form.

L= kL ik |
Wh L= Unsupported length or clear height of .:mu"]ns |
ere L = Effective length ratio or a cnnstan't dEpEnding u '
degrees of rotational and translational r'-“-'!'"slri:iimrjmI1J th
: 3
Hj ends of column. o 1,
The effective length of compression members depends the
{ﬁ ing and end conditions. For braced (Laterally restrained a ends) ¢, bry,
B N . clear height bet u
. - the clear height between o
e length is less than € rag, M
%ﬂ theeiiegtye g. d partially braced columns, the effecy Mraip,
whereas for unbraced and p P ve Ieﬂgm-, J
3 greater than the clear length between the restraints. i
ol , ; S iy .
For design purposes, assuming idealized fm“;"liﬂnh.. the Effeg,,
"ff length Le may be assessed for different types of end conditigp Using :I:t
Table-10.1 (Table 28 of IS: 456-2000). ‘
ive Length of Compression members
Table 10.1 Effective Leng
(Table-28 of IS: 456-2000)
Degree of End Restraint of Theoretical H“:"w
Comprassion Member Value of Effec- | Valug of Effoctiyg
tive Length length
Effectively held In position and restrained against 05L ﬂ.a_ﬁ_["""
J rotation at both ends
| Effectively held in position at both ends, restrained, 0.7 L 0801
]r against rotation at one end
Effectively held in position at both ends, bul no 1.00L 1000 |
re@strained rotation
{ Effectively held in position and restrained against
rotation at one end, and at the other restrained 1.00L 1.20 L
against rotation but not held in position
Effectively held in position and restrained against
rotation at one end, and at the other partially - 1.50L
resirained against rotation but not held in position
Effectively held in position at one and but not
restrained agains! rotalion, and at the other end 2.00 L 200L
reslrained against rotation but not held in position o
Effectively held in pasition and restrained against
rotation al one end but not held in position nor 2.00L 2001
restrained against rotation at the other end .

10.3.2 Slenderness Limits

The columns dimensions should be selected in such a way tha
material failure only and not by buckling. To ensure this criter!

¢ it fails DY
ﬂﬂ, [hﬂ L <
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Limit State Design of Columns and Footings 325

ymends  that the clear distance between restraints (Un supported
lené h) chould never exceed 60 times the least lateral dimensions of the
" i (CEHI{SE 25.3.1). For unbraced columns, it is recommended that this
ue 18 iimited to 30. In cantilever columns, in addition to the above
dction (L < 60b), the clear height should also not exceed the value of L
0 bID), where D is the depth of cross section measured in the plane
deration and ‘b’ is the width of cross section (clause 25.3.2)

rest
(10 :
uﬂdﬂr consl

033 Minimum Eccentricities

Al columns should be designed for minimum eccentricity (Clause 254
h may arise due to imperfections in constructions and inaccuracy in
by the relation,

£ D |
€ min _[SU{] + 36] ‘ .,(lU. l)

which mé
oading given

put not 1ess than 20 mm

where L= Unsupported length
D = Lateral dimensions in the plane of bending
ylar and non-circular cross sectional shapes, Sp; 24" rec-

For non-rectang

ommends the minimum eccentricity as

= (L /300) or 20 mm (whichever I8 greater)

"l
& min

10.3.4 Braced and Unbraced Columns

In a framed structure, af approximate method of deciding whether a col-
umn is ‘braced” or -unbraced’ is specified In the ACI code commentary”
and is reproduced In the revised 1S: 456-2000 code. For this purpose, the
stability index” (Q) of a storey in a framed multistorey structure 1s defined

as
Y P
0=|""%7 .(10.2)
h, M,
Where 2P, = suln of axial loads on all columns in the storey

p. = heightof the storey |
A, = elastically computed first order lateral deflection ol
i
the storey

eral force acting within the storey.

Hu = t{}L'Ell lat
6 has shown that the lateral

8
In the absence of bracing elements, Taranath
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wure of the storey (AJ11,) (storey drift po, L

flexibhility me i
; he relalion

£ nn b 1"'..]'rj"{'k'~.-:'li h_‘r' I

A h' /!
(M) Tyt 5
n (20 ¥/, A S _‘”F'H"'J'.

. s af second moment of areas of .
— sum Of st Fall coly, |

Where &/, |
' |' I]III
il “J”I 1 H

slorey m Fh‘[" I'!':“]L' ”I”[L"f L'[]H'HJ{Jrlpr.

v/ /] )= sum of the r:-”qu ol second Mmaineng 01 ir
B of all {loor members in the slarey in

- v

consideration. _ o ng,
/ _ modulus of elasticity of concrete b
rf; The equation for the crability index "¢ 18 basced on the s,

— noints of contra flexure occurs at the mid heights of all f“hn;lr;q g

'i-ulfr span pomnts of all beams and by applying unit load Method g, | T
S I ol T - I €n i

.,I|!1rI:'|:"'L'r Jf P;I:IL”]L’ E}r]"l-]t_‘”[h ,"‘b;HLh HE [FUSSCES, :"‘-h'n_ W ll”"-, “”L] ‘-”[Ii“ [Ef]l;lhlrl

. f‘u'i]:..’ﬂﬂdr L»r'ﬂr.;r 1.h'jH he Lo I'l.'_'tIHL'L' [hL‘ i';t[it} Iff}, Wi |"-; :

I';Ih’q,l' "ﬁli_f '-1“.;

Lsed £l

cantly
A ) 07 -n the column may be congjder
If the value of O < 0.04, then the colur ay be CONsidereg n

column (braced), otherwise the column may be treated ;

(unbraced).

IS- 456-2000 codal charts (Fig. 10.3 & 10.4) arc very usefyl iy dete
the effective length ratios of braced and unbraced columns respecy
lerms “f'ﬁl & 'H: which rL‘!’H'L‘_'-&L'.'HI the {]L';__TI'L‘L‘ of rotat i{}Il;I! ]-I'L'L:r_h”" at
and bottom ends of the column. The values of [}, and [, for brac

unbraced columns are given by the relations,

Fimip

Iy
vely: i,
the |I]p
ed gy

3 | 21, | For | i col |
3= = o ————| (Forbraced columns)
YL B+ 0.5(8,)

(10,4

p £ | (For unbraced col
] =] = : : (ror unbraced columns) j
= ot bil A S0 (103
The limiting values 5 = 0 and 3 = 1, represent the “fully fixed' ‘full
higed’ conditions respecuvely.,
Ihe tfollowing example illustrates the checking of braced and unbraced
columns and the computation of effective length.

10.3.5 Example

A multistoreyed building plan shown in Fig. 10.5 (a) has 16 mlumnsﬁé
size 300 x 300 mm interconnected by floor beams of size 250 mm by 3
ram 1 the longitudinal & transverse directions. The storey height I 3

jm
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Hinged
rame With no Sway (Braced

0 Fitective Length Ratios For a Column inal
Columns) (I8: 456:200 Fig. 26)

~glae the ¢ trecuve fength of the typical lower storey columns assuming
_ .mmm d load 30 KN/m” from all the floors above & the grade of
crete s M=200 Adopt 151 456-2000 codal method for computations,

i Data

Size of columns = 300 x 300 mm
HL‘@?H ot SMOrey = ;E\ =315 m
Width of beam = 250mm
Depth of beam = 500 mm
Length of beam =4 m |
Total distributed load = 30 KN/m’
N0, of Columns = 16
No. of Beams in XX or YY —directions = 12
i.ll';‘ﬂi*c of concrele= M- 20
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Hinged
. T' G o
0B
0:6
By
0-4
0-2
0
FfIEd 0 1&
Hiﬂggd
Fig. 10.4 Effective Length Ratios For a Column in a Frame Without Rest
Fain

Against Sway (Unbraced Columns) (IS: 456:200 Fig, 27,

b) Relative stiffness of Columns and Beams

Referring to Fig. 10.5(b)
Un-supported length of column = L = (3500-500) = 300 mm

1) Columns : 16 Nos, (300 x 300mm) and s, = 3500 m

-

Z| - ‘:r A i el Sl — 3(}3( 3 3
)L 3500 (3086 x 10°) mm

11) Beams in each direction XX or YY

r

3 (ﬂ | _

12 %250 % (500)/12 |
Lhij 00

=3 9, 3 }
4000 J (/8612 x107) mm

¢) Check for braced or Unbraced Columns

(’E“J he [ R 1 }
H,) T 12E| Susm) TS

E. = 5000 \fEaccnr{Jing lo clause 6.2.3.1 of IS: 456 - 2000
Therefore £, = 5000 v20 = 22360 N/mm?

i
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S R T Y
ﬁ_u-“"
All bearns ,
200 % 500 | *7
d— — —-‘l:}**—-—--—v-——-%}___f 4 —x
1)~
: | lyn
%
_—A % B) K-
(B /
X b
All columns 1 1 pn
300 x 300
A & & 7]
[
(a) Framing Plan
)
5 R S TRLE g = ;g:;}
‘]’{_ . T
ig, #9600 3000
—a
300
T 7 ~4 500
= i T _'I*_
.-,_..I\.—_
(b) Section XX
Fig. 10.5 Multi-Storey Building Frame
) 3500° [ ———\ (5.991 x 10™) mm/N
'.!}-.:{] x”””#-‘éU} HUBG! HJ) (?Hl’*‘ 5 16

12 % 30) = P, =4320 kN

Total axial Load on all columns = (12 % _
(P, A, ] [4320x10 (5.991 % m""}‘_ ~().00739 < 0.04
tability Index = O = AN 3500 - :

'y
H - b 1 d d
| y ncidered as braced in XX an
Hence, the columns in the storey can be considere

YY directions.
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(300)712 2} _ (385 % 10°) mm’
v(ih) =] 3500

"250x 500712, g] - (1302 X 10°) mpm?
(/L) = 4000
- 0
"' o 3sx10 {:F} = 0.37]
i, =B = | oih 107) + (0.5 X 1302 x 10r)
: . 1_.u - F

|
i

6 of 15 456-2000] and imerp“f&ting

':-‘lrlr_.: Err.l!-_l E

e

13 "

Refemng 9
fLlald fa |

Feciive lengh 7alio as.
‘Lli ok o .

| - (0.630x3000) = 1890 mm

” (L] B0 63410
Glenderness ratio of the column s ={ n J7{ 3()) |

' .ioned as short column.
Hence, the column should be desig

0.4 DESIGN OF SHORT COLUMNS UNDER AXIAL
COMPRESSION

10.4.1 Assumptions

The main assumptions made for limit state design of columns failing under
oure compression as specified in clause 39.] are as follows:
pure C(

1) The maximum compressive strain in concrete in axial compression s
(.002.

b) Plane sections remain plane in compression

¢) The design stress-strain curve of steel in compression 18 taken o &
the same as in tension

The design stress in steel is .87 f, in Fe-250, 415 and Fe-500 grade steels

. | _ . - of
Accordingly, under pure axial loading conditions the design strength
short columns is expressed as

B
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Limat SIHIE' D‘ "
€Sipn o (_‘ H
g f ﬂ!umns. ﬂrlrf Fﬁrﬂﬁﬂﬂﬁ . 1

- [0}45_)‘;#4': +f.A] e
\xmr:ff' 62000 code rEquxre:;} 3
" IS:;ZE ricity ShA oS ume;atth:l:at:ﬂlumnq are to be designed for
'ﬂi"iﬂ::gﬂ for the ultimate load 1s ﬂb[ﬂ::iedE;T iltii“f-“"‘ﬂun A
:‘-“Frjﬁ_;sﬂt i the € equation (10.6) specified above ﬂ:tmg the value of P, by
0P P,=04f,A +067f.A (
r s (10.7)

=[0.4 £, A +(0.67f ~0.4f DA ] (10.8)

_ axial ults :
P axii nTm_[E load on the member
characteristic compressive strength of concrete
|

her* g =
A Ja
g =ared of concrete
- _ characteristic s
/y b g [f ength of the compression reinforcement |
4 =area of longitudinal reinforcement. |

vith helica

ghort column® " collapse ¢ ll i:l-r!lﬂfﬂlttmen[ (spiral columns) have increased

ity prior {0 pse and hence the code permits 5 percent increase in
ing LdpdC][} ol lel‘dl columns. However the ratio of the vol-

i
e ]““d carry’
it 0 f he -]ical runfmtemcnt to the volume of the core shall be not less
1hEEf}.
A, )|
036 —-1|| fL
A, R

19 4.1 of 1S:456-2000.

ceording 1o clause -

104.2 Design Example
size 400 mm by 600 mm sub-

lymn has an unsup-
1 both directions.

q column of
orking load of 2000 kN. The co
braced against cide sway II
e-415 HY SD bars.

Nesign the reinforcements in

ected (O
Pnriﬂd length of
Adopt M- 20) ﬂmd

A1 axial w
3m and IS

e concrete and F

1) Data
15 400 mm by 600mm

Column Dimensio

Axial service load = 2000 kN
Un supported length L= ?‘- m
\C fd dtnuml

and f, = 41"
d D. _ 600 mm

Column Bre
L= N/mn’
D, = 400 mm an

I 0 |
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“ LbJ

Design

. = J A "_F-tiftl
-‘:-;-1 ch;rzr{.’r.iwt {I L |-”;|.

b) Slenderness Ralio

l..
| !-. ] . o 1‘.?I
= oand K [ ]

st side sway m both djpe

it Clioy,

' -.1';11::.“‘L| .
As the column is | see than unity, v Of
qre both less thi ’ r'-"f:ti,,'t

" " I
lencth ratio &, and &,

(L) _ .-““"']:?.ﬁq 12
And | p,) "L 400,

'I - L] ¥ i ] I L II- Il]l]]]‘
r . - l.‘.nlr I‘I i. [ \" t..i ;15 I] b I]{ I [ a '
.?“I._Lih.:\i., PR LT . !11 . -l.]. b % llI- I.]L

) Minimum Fecontric!ty

s 00|
| 13000 ‘f‘}_.J =26>20 mm
Cy omun :. 5“{] _“rﬂ

T | E}i}@ + -ﬂ}l}] =19.33 <20 mm
i.'_-., mn [ 5“[} "'.'i[}

Also 0.05 D, = (0.05 x 600) = 30> €, in
0.05 D. = (0.05 x 400) = 20 > &y iy

Hence. the codal formula (Eq:10.6) for short columns is applicable

d) Factored (Ultimate) Load

P =(1.5x2000) = 3000 kN

a) Longitudinal Reinforcements

P, = [0.4f,.A +(0.67f, - 0.4f,)A,)

(3000 > 10°) = (0.4 x 20 x 400 x 600) + [(0.67 x 415) - (0.4 X 20))A,

Solving A,. = 4000 mm’
Provide 6-25 mm diameter bars: (6 x 491) = 2946 mm°

4-20 mm diameter bars:(4 x 314) = 1256 mm? |
Total A, =4202 mm® > 4000 mm’ |

The area of reinforcement provided is greater than the minimum st |
requqemen[ of 0.8 percent = (0,008 x 400 x 600) = 1920 mm’
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51 ¥ &y
&n 0f (,HHHHH.'.' ane anf!r:g 333
lﬁr &

-
lﬂlurﬂl b
I‘] J eter: < (“4)(25)
| : = 0,2
fic > 16 mm "
4. P covide 8 mm diameter (igg
ent
1 5 pICIng: > 400 mm
> (16 X 20) = 320 mm

l?rm,«idﬁ g mm diameter ties at 300 mm ¢/¢

+ 600 f

{Cte.ﬂr Cﬂ‘h‘EF
_ 40 mm) -
L-# 25 |

400

2-#25 +
(at middle{ %T les # 8-300 c/
short face) l-# 20 (Staggered)

Fig. 10.6 Reinforcements in Short Column
(143 pesign Example

esign the reinforcements in a circular column of diameter 300 mm with
forcement to support d factored load of 1500 KN. The columns
ath of 3 m and is braced against sidesway. Adopt
Fe-415 HYSD bars.

D
nelical rem
has an’ unsupported len
M-20 grade concrete and

a) Data

Diameter of column =D = 300 mm
Unsupported length=L= 3000 mm
Column braced against sidesway.
Factored Load = P, = 1500 kN
=20 N/mm’

f, =415 N/mm’
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334 Reinforced Concrete Design

b) Slenderness Ratio

(L/D) = (3000/300) = 10 < 12

Hence, the column designed as short column.
¢) Minimum Eccentricity

e L D] ['H]{]U qm]—lﬁrmn{ﬂ] min)
=i ™| 500 30 500 30

Also 0.05D = (0.05 x 300) = 15 mm < 20 mm
Hence, the codal formula for axially compressed column can be useq.

d) Longitudinal Reinforcements

According to IS: 456-code clause 39.4
P,=1.05[0.4 f, A, +(0.67 f, - 04f)A

3 7
(15(;;0{;;0 J z{{m x 20 ::_:n:x 300° 0,67 %415)~ (04X 20},

Solving A, = 3197 mm’
A.emm = 0.8% of gross cross section = (0.008 x 7 x 300° *14) = 565 mm’

Provide 6 bars of 28 mm diameter (A,. = 3696 mm 3

e) Helical Reinforcement (spirals)

Assuming clear cover of 40 mm over spirals
Core diameter = [300-(2 x 40)] =220 mm

1902 :
Area of core = A, = ”ﬂ }:‘20-} = 36%J = 34317 mm’

V.= (34317 x 10°) mm’

_( “}‘_jq{f'-} = 70685 mm>

Volume of core/m =

Gross Area of section = Ag

Using 8mm diameter helical spirals at a pitch *p" mm, the volume of heli-

cal spiral per metre length is given by
V. =7n(300- 80— &)50 x (1000/p) mm’/m

= (33301 x 10°)/p mm’/m
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e T R T I
Limit State Design of Columns and Foorings

ording to code clause 39.4.1 (1S:456)

AcC
“fr'llx
[ 7 ] <0.36[(AJA) 1] (fulf;)

C

33301 10° (70685 |( 20
——— 1 <0.36 sl B | | QR
p(34317 x 10") 34317) I\ 415

Solving pitch ‘p" 52.78 mm
Codal restriction on pitch [Clause 26.5.3.2 (d)]

3L 75 mm or (core diameter/6) = (220/6) = 36.6 mm
| : 5 25 mm or (3 times the diameter of helix) = (3 8) =24 mm

Hence, provide 8 mm diameter spirals at a pitch of 36 mm,

f) Reinforcement Details

The details of reinforcements in the helically reinforced column are shown

N

e

#8 spiral at
Ipitch 36 mm

<: ‘ fCIE%urmﬁ:ver
r"""f?-

b apg—rF

6# 28

A8 spiral at
~ 36 mm pitch
6 # B8—|_¢
__Clear cover
40 mm

Fig. 10.7 Reinforcement in Helically Reinforced Column
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336  Reinforced Concrefe Design

RT COLUMNS UNDER C{]MPRE
EN”ING SEI“N

10.5 DESIGN OF SHO
WITH UNIAXIAL B

10.5.1 Introduction

of multistoreyed buildings and t“j“mrls
are subjected to direct loads Eu”ﬂﬂq-
L Jtl

: ; ~orbels

crane loads through corbe : ang

- : - .mbers should be designed fae . 9 bg,
moments. The compression Mel E for 4X1a] l;nm

bending moment based on the assumptions prescribed ip [5:45652{]{ a“a”g

)

~lauses 39.1 and 39.2 _ o
) m;;a; EIT:i:E::?L‘HI design of members Sﬂb}ﬂ‘-‘_lﬂd Lo combine dX1a] "

uniaxial bending involves lengthy C;JICUIHIIIUH by trial ang ﬂrrﬂrlnad
method uses equilibrium equal 1o dctgrmllle the arey of I.Ejnmﬂnd e
required to resist direct Joads and uniaxial mumcni,.!.n order n:cumem
these difficulties. 1.S code recommends the use of interactiop, d,cmmt
involving non-dimensional parameters presented in SP; |6 desig 4gram,

. n H]dﬂ ;
reinforced concrete. o

The external columns

ili‘]d

¥
v,
3
J

10.5.2 Interaction Diagrams

The interaction diagram represents the design strength of eccent,
loaded column of known section properties. The salient Points n:
interaction curve corresponds to the design strength values of axial I“ﬂd[iﬂ
and the moment M, associated with an eccentricity ‘e’. Fig, 1(.8 shows )
typical interaction curve with P, on Y-axis and M, on X-axis along Wiﬂ?

strain profiles.

dlly

The interaction curve defines the different load-moment (P, & M)
combinations for all possible eccentricities of loading. For dﬂsign DU
poses, the calculations of M, and P, are based on the design Stress-strain
curves (including partial safety factors).The design interaction curye
represents the failure envelope and the point given by the co-ordinates (M.

and P,) falling within the interaction curve indicates the safe values of the
combination of load and moments,

The salient points on the interaction curve are note worthy.

1) Pomt-1, on the load axis corresponds to the axial loading with zero
moment (£ ) and e = (),

2)  Point-I’corresponds to the condition of axial load with the minimum
cceentricity prescribed in 1S:456 code clause-25.4. The corresponding
ultimaté load is represented as P’

o

3) As the €ccentricity increases, the moment. increases with the neutrd

axis x, moving from outside towards the extreme fibre.
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Limit State Design of Columns and Footings 337

P M Py
U MU r__ Q= [—pﬁj_

i -

INTERACTION CURVE

e <'epy (compression
failure)

-"--

(tension failure)

.
MUI‘.} MUb MU = {Pua"rE]

Fig. 10.8 Column Under Compression With Uniaxial Bending

oin-2 corresponds to the condition,

:}1::110.,ac.;:rgr;b;:)t,:fb[i}r e < ey, the entire (;11-[;55 s-:.ecti{,u} 1S I.i'ﬂdﬂ;;;ﬂj&ljlllti
mession and the neutral axis is located outside the rae_uu[:m X, ol W h
(e extreme fibre strain in concrete lies between 0.002 & 0.0035. 1‘[,1
¢ further increase in the moment and eccentricity (€ > €p), 1he neFE;
s lies within the section (xu < D) and the extreme concrete 11
sIrain ecu = (0,0035.
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338 Reinforced Concrete Design

4) Point-3 on the interaction diagram represents the py), -
with e = e, and x, = X, max- The design strength Valueg for IT-’iiiurf:
: ac P
failure condition are denoted as Pub and Mulj F'EIF va |

lueg
§ . I & =1 -] Vg Y E
< P, and the failure mode is termed as tensiop tailypa ey Sy

N ; - 5
of beams. It is important Iur note that M, is only mﬂrgm,] b,
the ultimate moment of resistance of the sectio M, Undd ly Iﬂqs ulatl
' " er oY [k
ural condition. J r‘UrE ﬂh‘*h
.y'ij 53 Point-4 on the interaction curve refers to the pure fl{::-mra] G
s and ,, = ) with the ultimate moment of resistance Py Lt (e
{ﬂ | * mini utral axis depth x, . o Ao | T
with the minimum neutr: P X, i ﬁnqi_t
el
el
th; :I

10.5.3 Design charts (Uniaxial eccentric compression) i, Sp. i
The design of structural concrete members subjecteq O comp,;
'ﬁﬁ load and uniaxial bending moment involves lengthy IhEDrf:tjcailnEd Ay
tions by trial and error procedure. Tﬂ overcome these difﬁuu][iﬂ .E‘:f'“ﬂu[a‘
tion diagrams involving non dimensional parameters are usefy| §, Intf:r;,&
design of reinforcements in eccentrically loaded columnpg Sp. l':]t © rapjg
the design charts covering the f{JIIUWEHg.IhrcE different cases ﬂ.fs fCsen
cally remnforced column sections, COVEring rectangular ang erﬂula Meyy;.
sections. " Crog
The non dimensional parameters used for the constructjgy Of doc:
charts are (P/b.df,) and (M /b.d J4) plotted along the y and “Sign
respectively. These parameters are plotted for different values of ¢
(Plf)where ‘p’ is the percentage reinforcement in the sectiop, :
The following cases are covered in the SP: 16 Design Charts: -
1) Rectangular section reinforced with equal number of bars on onpoe:
sides parallel to that axis of bending (Charts 27 to 38) ol
2)  Rectangular sections reinforced w
four sides (Charts 39 to 50)
3) Circular sections reinforced w

ratjg

ith equal number of bars on ]

ith 8 bars symmetrically spaced (chars
51 1o 62) and these charts can also be used for bars not less than 6

The charts for each of these types have been given for three grades of
.':?[E[*.:f (Fe-250, Fe-415 ang Fe-500) and four values of the ratio (d'ID).

ﬂl-':.df}[[-::d lines in these charts indicate the stress in the bars nearest to
the tension face of the member. [t js pertinent to note that all these stress

va}}u:s are at the failure cond; tion corresponding to the limit state of col
lapse and not g working loads.

T{'m construction of these design chars are based on the equilibrium
equations at the

limit state collapse as outlined jn SP:16.

=
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Jesign charts covermg the

THPIO 0 are reproduced in Flgs 109

K Gmgntq of reinforcemenys i, ”
s 4 tﬂ rane 1€ Cross sectjon

':I'L 1&.—-—-""__ —

=

' W ///)

0 01 0-2 gk
Mu /fck sz
sion With Bending-Rectangular Section-Reinforcement Distrib-

i0.10.9 Compres: _ ; :
HL ated Equally on Two Sides (SP: 16 Chart 32)

the use of the design charts to

wing examples demonstrate | -
b | ected to combined axial load and

fesign reinforcements in the €o lumns subje
imiaxial bending moment.

10.5.4 Design Example

d lateral reinforcement 1n a rectangular rein-
L

Ucnfrn the longitudinal an 0 mm subjected to 2 design

forced concrete column of size 300mm by 40
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2 .

b ‘ ?’Afphn,mﬂl
J cecfoall

d- 1N Hd’

")
oY
We)
3
o]

L]

.
%

0.2 e

i 7%

|
0-2 S 0-3 0-4
Hu ."{ fi: k b D
[
Fig. 10.10 Compression With Bending-Rectangular Hcctiﬂn-ﬂeinfurcement Distrib.

uted Equally on Four Sides (SP: 16 Chart-44)

ultimate load of 1200 kN and

fespect to the major axjs, Adopt
HYSD bars.

an ultimate moment of 200 kN.m with
M-20 grade concrete and Fe-415 grade

a) Data

b =300 mm £y
D =400 min

Po = 1200 kN
M, =200 kN.m

=20 N/mm?
L =415 Winn?

M
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i1 r
: _ﬁ.:tﬂ_ nf {_.fufumﬂ..# el F'uoting
b&fmﬁuﬁﬁﬁ[

— A e

470 « 010

— - =% g

Ay 8 [ﬂ{?flfj{j

1).q

7in of banding

o

&

!

\
|

605 010 015 020 025

My 7 Tk D
With Bending-Circular Section (SP:16 Chart-56)

Fip. 10.11 Compression

¢) Longitudinal Reinforcement

50 mn]:ﬁ”
f ﬂal [0 015

ratlo (P’f:k) =

. ~~tive cOVEr 0
Adopting an eftective ooy .
[d'1D) = (50/400) =0.124 ne{rcli)’[il the
Refer Chart 33 of SP: 16 IS =4
p= (20 ;4 0.20) -

0.20
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| =

g mm diameter

f2 ’
Adopt 8 bars O _ 4978 mm’
Amappmvided = (8 ><‘ : ,13 ?J{hj;i nn;aces at an effective coye,
Provide 4 bars On eac 150 ;7

456-2000 clause 26.5.3.1, the spacing of '“ﬂgim
: f the column shall not exceegq 3&.{1'“‘-!.1

. £
lines of reinforcement = [4¢q _ M,

According t0 [S:
~ (2, 5

measured along t
Hence distance bet

300 mm
d) Lateral Ties

he periphery ©

Tie diameter < (28/4) =7 mm and not greater than 16 mm
I

Hence, provide 8 mm ties. )
Tie sparﬂng > 300 mm and > (16 x 28) =448 mm
Provide 300 mm spacing.

e) Detailing of Reinforcements

The detailing of reinforcement IS shown in Fig. 10.12

£% 300 —F%

- ] # 8 ties
b L #7286 at 300 5

300 | [—"——y |

Jr +75
B | &

+ 400 -

Fig. 10.12 Reinforcements in Columns With Uniaxial Bending

I{LS.'S A short reinforced concrete rectangular column of size 300 x 50
mm 1s subjected to an axial compressive factored load of 200 kN and 2
factored moment of 250 kN.m about the major axis. Adopting M-25 grad

concrete .and Fe-415 HYSD bars, determine the reinforcement in the cok-
umn section,

a) Data

f;) fmﬂ il fe =25 N/mm°

_d
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Limit State Design of Columns and Footings ~ 343

P, = 1000 kN Adopt d” = 50 mm
M, =250 kN.m Ratio of (4 ‘ID) = 0.1

ensional Parameters
,_5‘_.] :[ 1000 % 10° oy
fub D) 25%300% 500 |~ 200

,_Mu _( 250 % 10° -
£.6D%) 1 25%300x500°)

qudinal Reinforcements

DI

N

i)

44 (SP: 16) with equal steel on all the sides and read out

(fi) -0.09 . p=(0.09%25)=225

fex

y E@_)z[z.zsmc}msm)ﬂmmz .
A={ 100

100

irs of 25 mm diameter (A, = 3927 mm’).

provide - srranged equally on all the four sides (3 bars on each face)

The bars arc

5) Ties

ter £ (25/4)= 6.25 mm. Hence, provide 8 mm ties.
ameter

P and * (16 x 25) = 400 mm

: ng * 300 min
Tie spac! gg - diameter es at 300 mm c/c (staggered)

Tie dI

Hence provide

: ts
¢ of Reinforcemen |
e . the column section

ling of reinforcements

Fig. 10.13 shows the detal
10.5.6 Design Example

Design a short Circy i -
il load of 900 kN, miﬂFg-ﬂ,lS grade inforcements:
M-20 grade concrete an
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" Refer Chart-56 of SE:IE& and read out the values of the parameter

344 Rtl’f!ﬁ?ﬂrﬂf Concrele Design
50
£ 400 -
] &
T 3 #25
300
W o
b d
5 i //
300 —-|'—
# 8 at 300 ¢/ 1=
(staggered)
Fig. 10.13 Reinforcements in Columns With Uniaxia] Beﬂding
a) Data
D =b=400mm Assume d’ =40 mm
P, =900 kN ~(d1D) =0.10
M, =100 kN.m

fi =20 N/mm’
f, =415 N/mm’

b) Non Dimensional Parameters
P, ) (900x 10}
= > [ =0.28
fa D 20 x 400

M, | [100x10° e
fD*) "\ 20x400) =078

¢) Longitudinal Reinforcements

P
(f;;,J'G'm . p=(20x0.10)=2

A= fl@j [ 2x 1 x 400 a
* a0 =2512 mm

 ——T
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gs

f)
ot % (25/4) = 6.25 mm

jame™ _ :
qc + 16 mm (Hence _
f select 8 mm d;

% 400 mm m diameter ties)

~:|‘-'“m"h 6
$ (16 X25) =400 mm
+ 300 mm

g mm diameter ties at 3
Ia,-m'li e 81 at 300 mm centers
}wiufm‘cuumuls
()

: ]nl

Fi f

# 8 at 300 c/c

ties
6 # 25

— main bars

b

Fig. 10.14 Reinforcements in Circular Column

16 DESIGN OF SHORT COLUMNS UN DER COMPRESSION
A\ND BIAXIAL BENDING

10.6.] [ntroduction
| at the corners of a multistoreyed building with rigidly
angles, develop biaxial moments together with

axial compressive load transmitted from beams. Fig. 10.15(a) shows
ibjected to the axial compressive load P, and the

he major and minor axis respectively. Fig.
1g and the ‘esultant moment M, acts about
1] axes. The resultant eccentricity 18

expressed as,

Columns locatec
onnected beams at right

the
he column section St

qoments M, and My, about t
10.15(b) shows the axis of bendi

this axis inclined to the two priﬂCiP

computed ass € = (M [P,) and this can also be

—_— g = (MMIPU]

o = b

The possible neutral axis lies in the X-Y plane as shown in Fig. 10.15(c).
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3 Resultant
Pu, - axis of bending

;;YH;y e
o i

A
X o L *-’1/_

-

f/!._-f'f My ,..-l
l w‘;\ J//y J ™

Y, _-Possible neutrqi
- S y axis
| - gl
B P I 7 PAxis of bending
3 /
4 7
X ) [~
/ !
b & ','EI
/
’ ey ” M
e
Y

(¢)
Fig. 10.15 Biaxial Bending of Short Columns

By choosing the neutral axis which is in the X-Y plane, calcy

made from fundamentals to satisfy the equilibrium of load an¢

about both the axes. This procedure is tedious and is not genera
mended for routine design.

To overcome the difficulties of trial and error procedure in the desiop

Df. columns subjected to biaxijal moments, The Indian standa:dcnﬁﬁ

15:456-2000 recommends a simplified procedure based on Bresler's" for

S . o ,
Th'lamm wh:.r:h fac_llltalu?s faster design of reinforcements in the columns
Is method is outlined in the following section

10.6.2 Codal Method for Dei
- eésign of Compressi
subject to Biaxial Bending s

The simplified procedure

adopt ‘
Bresler’s empirical formuls pted by the code (clause 39.6) based Of

lion is expressed by the relation,

2
Muxl Muy! s IU
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Limit State Dfﬁfg” UfCﬂmeﬂj ﬂnd Fﬂﬂf!ﬂg.’i 347
ively due 1O

M., M, are
ere Muxs Moy ¢ the moments about X and Y axes respect i
t {;ﬂpﬂﬂl[lﬂs

wh
.on loads. M, and - . o
dﬂ:SIb xial IG:::EIIP 1 Mu}-lt are the maximum uniaxial momen
ith & o bending about X and Y axes TGSPEU“‘*’E]Y-

< an exponent whose value s ‘
Oy ! ue depends on the ratio (PP where

P =[045 ~ .
w= 04 Jo A +0T5(.A) e, Valueof P, when M =0

ve of values of the ratio (P ;
£ ratio (P /P, ) and the corresponding value of an

e shown in Table-10.2 as well as in Fig. 10.16
2-0 o

1-21—

D i I 1 l |
0 0-4 0-8
t {Pufpuzi
Fig. 10.16 Coefficient o, For Biaxial Bending of Columns

linear interpolation may be done. Chart-63 of
ating P, for different grades of concrete and
forcement in the section.

For intermediate values,
SP-16 can be used for evalu
steel and the percentage of rein

Table 10.2 Values of ¢,

g e S
ep) |
02| 10
> 0.8 2.0
I

| ——

Chart-64 of SP: 16 shows the relation,

{ M., ] n +[ M., ] _ 1.0 for different values of (P/P.,)

—

Muyl

v —

Mur‘.l
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These curves are very useful

bending.
The use of SP:16

| jaxi: in
compression and biaxial bend

10.6.3 Selection of Trial Section an

In practice, the cross SECHUHC
before the structural analysis 1S
derived from the frame analysi
suitably assumed for
a simpler approach for

|
in the design of columns subjecteq [0 b; ‘
dx; i

d|

charts for the design of columns subjecteq b |
g 18 illustrated in the example 1{]_5.4 AXig) |‘
|

d reinforcements

ctional dimensions of the column gy, Sele |
ed and the biaxial e
perform Momep, |

s. Hence, only reinforcements Neeq | are
? be

Uggﬂste{l
the reg)

; B
the design. However, Devdas Menon™ hgg ¢
the selection of reinforcements based op

tant moment given by the relation,

M = 115 VM + M, |

This bending moment 18 considered to act 1n association with the iy

compressive load Pu and using the design charts, the reinforcemen, e
centage in the cross section is determined. Thereafter the procedyre s the

l

same as specified in section 10.6.2 for checking the adequacy of the |
designed section. |

10.6.4 Design Example

Design the reinforcements in a short column 400 mm by 600 mm subjecteq
to an ultimate axial load of 1600 kN together with ultimate moments
120 kN.m and 90 kN.m about the major and minor axis respectively,

of

. Adopt M-20 grade concrete and Fe-415 HYSD bars.

a) Data

b) Reinforcements

Reinforcements are distributed e
As a first tria),

- = | percent

b = 400 mm fs =20 N/mm’

D = 600 mm f, =415 N/mm’

P, =1600kN - 4’ =60 mm |
M, = 120kN.m  (d"/D)= 0.1 |
M,, = 90 kN.m |

. qually on all the four sides.
AC0pt percentage of reinforcement in the cross section 37

i
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_'pr}_ir]Kilm}(ﬁ[)u y
A= 100 . 00 = 2400 mm’

. ﬂf :U' mim dlﬂnletﬂr dlb[ﬂb“lfd ,:‘; on Dnuh rl"l:l:ﬂ (A! = 15 l:! “”n.']}l

P o o _
P M]zlm and [ 2)_(L04)_ oo,
| ﬂ,i’&{ P:[4UO}{6{)D ﬂl = 'Izﬁ' = (),0
N = | )
Eﬁ/ ; ]z R =10.333
; fab D) (20x400x600)

_44 of SP:16 and read out the ratio (M, /f,, b D] correspond-

gefer ﬁa;tin (P/fy & D1=0.333 and (d'/D) = 0.10 and (p/fyy) = 0.052
iﬁgw Mu.r.l 0
6D 085

., =0 085 x 20 X400 X 600710 =245 KN.m
. gl N .
.- ts about the minor axis YY. b =600 mm, D =400 mm and d' =

{2

art-435 of SP: 16 and read out the ratio M,/

I;U;mumeﬂ
g0 mm

b D*] correspond-

Eﬁff; f:e catio [P/ fu b.D] = 0.333 and (p/Ja) = 0.052
lIlE c

f’fiﬂa =0.08

fubD

~(P.) (16001 _ 0548
! Raio [E;]:[zm)

ad out the coefficient 4
o, = 1.58.

n corresponding to the ratio

Refer Fig. 10.16 and re
(PJP,)=0.548. The value of

a,
M,ﬂ]u" (.":"'ﬂ.) <1
—=| 'y
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% | 5%

120 ']’ - ) f 90

il = - (0.756 < |
245) | 153,

Hence. the design is safe. Provide suitable lateral ties as per codal proy;.

sions.
Provide 8 mm diameter lateral ties at 300 mm centers will conforg

the codal requirements.
The above problem can be solved by using Charts-63 and 64 of Sp: ¢

as shown below:
From Chart-63, for p = 1 percent. f; = 20 N/mm’ and f, =415 N/mm’, reg

out the
Corresponding ratio,

P o _
| T]zrzanunmwcfaf:u:xﬁomx4mnui‘:28meﬂ

LA

"M, (120
~ S e | =149
Also [ mJ [24J
F,"if (90 ™
Y = — [=0.59
A [ﬁ{w, 1153J
‘ FR:‘TLQEJ-Uﬁi
Bafin [RE'ZQSMJ ‘

From Chart-64 of SP: 16 for [M_,/M,,] = 0.49 and [P /P, ]= (.35, read out

the ratio

(M, )
| % | =(.8 > calculated value of 0.59

| ﬂduylr,.rII
Hence, the design is safe. However for economical design, a second trial 18
made with lower value of reinforcement and the various steps repeated
such that the ratio of [M,/M,,,] obtained from Chart-64 is slightly greater

than the calculated value.

10.6.5 Design Example

A short column located at the corner of a storied building is subjected to an
axial factored load of 2000 kN together with factored moments of 75 and
60 kN.m acting in perpendicular planes. The size of the column is fixed as
450 by 450 mm. Adopting concrete of M-20 grade and Fe-415 HYSD bars,

design suitable reinforcements in the column section.
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b =450 mm f. =20N/mm’
p =450 mm f, =415 Nimm’
M, =75kN.m d =50mm

M. =60KkN.m (d'/D) =0.10

uy

b) Equiralent Moment

~cement in section is designed for the axial compress
t given by the relation,

ive load P,
T’hf Fﬂiﬂfﬂ

4 the equi\'ﬂlﬂﬂl momen
an

| M, =1.15 ML+ M,

— 1.15V75%+60° = 110 kKN.m

Non Dimensional Parameters

A 3 3
(P, | _(_2000x10 }:0.49
20 x 4505450

4]
| :( L1015 ,1:0.0@
£.b D) | 20x450x450°,

L1
b

¢)

&

d) Reinforcements

reinforcement on all faces) with (d7D) =

Refer chart-44 of SP: 16 {eqﬂual el -
0.10 and read out the value of (p/fy) = 0.06.

P=
(pbD ) _ |f_l';'. ?"f_{""(-’_&"l"l“ ; = 2430 mm”
4= 700 ‘ T 100 |
| 2 with 3 bars in each
Provide 8 bars of 20 mm diameter (A, = 2512 mm’) Wi
face. o
'p 1.24) 2y
100 K_Z_:’E |~ 1.24 and the ratio f_J = —2(—}] =0.062
= Eﬁx_h” ,' Jdoa) A

£ the ratio [M /U D D]

’ ; he value O
and read OUL B % " 1 49 and (plf) = 0.062.

Ref art-44 (SP:16) i
i, Jue of ratio (Pfu b D)=

corresponding to the va
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f :
.f"' LI'IJ]J :'[]I}Iﬁi
fub D’

50 x 450 x 450°)10 “= 109 kN.m

M, = (0.06X
Due to symmetry, My = M,,, = 109 ki

p =045 fu.A+0.75 fA]

= (0.45 x 20) (450 % 450) =2512] + (075

:fﬁ|:!

— (2581 x 10)N

Sl LQe

~ 2581 kN
.

| 2_0@}:{}.??
P, "l 2581

Refer Fig. 10.16 and read out the coefficient an = 1.95

¢) Check for Safety under Biaxial Loading

e e
- + <1
Mun[ MU}'I

b

?5 R R (60 [.95
— eeul] g <
(l{}g) 0 109) e

Hence, the section 1s safe under specified loading.

f) Reinforcements

Provide 8 bars of 20 mm diameter as main reinforcement and 8§ mm latera

ties at 300 mm centres,

10.7 DESIGN OF SLENDER COLUMNS

10.7.1 Introduction
Compression members having the ratio of effective length to its least 1o
eral dimension (slenderness ratio) exceeding 12 are categorized a8 sl_ﬂnfiﬂf
or long columns according to 1S:456-2000 code. The deformd um}
Characteristics of slender columns are significantly different from thet
short columns. When slender columns are loaded even with axial loads

I
N
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L

; 5 with short columf
1 in Fig. 10.17. Consequently, in dlender columns. the MO

y the deflection is large and should be considered in design.

L=

[ ]

deflection Is significantly greater in comparison

. show

i

yced D
pred B

A
\
\
\ Py
\
-. JEl 7% 77
I!\Deflea:tian =0
o U curve : _
/ | No deflection
/
JF
77777 Yoz il

(b) Short Column

-(a) Long Column
Columns

Fig. 10.17 Behaviour of Long And Short

jumns, the affect of second-
ogether with the pri-

acity of the

In the case of eccentrically loaded long €O
gry MOMENS developed due 10 (e Jateral deflection
mary moments significantly influences the load carrying cap

10.7.2 Behaviour of Slender Columns

haviour of <Jender columas is signiﬁ{t:aml}' mft!arem from
ns with increasing sJendarness ratios. Consider a col-
ubjected to an =ccentric load .p" at an eccentrcity

The structural be
that of short colum
amn hinged at Supports 3
¢’ as shown in F1g. 10.18(a).

o lateral deflecuon
the longimdinal axis,

As the load 1s increased th of the column ncreases.
If A = |ateral deflection of
total eccentricity

[E T ﬂ} =
The moment at any secuon s expressed as,
M= F f_E’ + ’jﬁ]
:i'f = ."1’! pe + -'ﬁl
ntricity of the load

ment due 1o ecce

Where M, = primary mo _ 1
: oment which van

PA = cecondary 11
columin.
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) VRN

STEE A P
4 (b) (c)

a
(a) 018 Behaviour of slender Columns
tgr X

ccurs at the mid height of the colump g 1

The maximuim moment O

g};pl’ﬂ.‘iﬁﬂd ds

Mmu ZF{E +"ﬁmun)

¢ maximum moment is non linear with the fleyy,

rariation 0
The variation alues of the load P [Refer Fig,

. A el
«tiffness reducing with increasing

10.18(b)]. short column, the flexural stiffness being very high,

In the case of very _
the lateral deflection ? 18 very small and the primary moment controls the

behaviour of the column. N | |
In the case of very slender column, 1L 1S possible that the flexural stiff-

ness is effectively reduced to zero resulting in buckling or instability fail

Uure.

Fig. 10.18(c) shows the load-moment interaction diagram at the limi
state of collapse representing the strength of the column with varying sler
derness ratios.

In the case of short column, A_, = 0 and hence the failure is due 0 the
primary moment and axial load. Point A represents the behaviour of sk
CC'!‘IIJIHI{ with material failure. Point B indicates the long column behaviolr
WII?HPT}EHEL??J :ef;;d?;ﬁ mnn;ents with matﬂerial fﬂiltare. okl @
mnstability. The curve OC reg-m UITmS’ e fa.llum 15 U 10 uﬂlumnsf

In the case of braced 51&1:1[;; o~ bEhaﬁGu.r ey [ang Tm 106
way, there is no significant mlai_ﬂﬂiumns wr}mh o |
and bottom ends of the column ;’]ﬂ o s e

- 1he ends of a braced column are P

i
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ams and moments M,
(in single O

The effect ol

rastrﬂinud against rotation due to the floor level be
i M, may develop at l!iﬂ ends. The column may be bed
Jouble curvature, ‘Jﬂl]'if“'illlﬂg upon the nature of moments.
1es€ moments are taken into account in the design ol such columns.

UI“Ibl‘;JUEd s!cndur columns are subjected to 5it.lu5wuy or lateral drift duc
o the action of lateral loads or gravity loads inducing additional moments
at the su[?&p{}rts.. The moment amplification due 1o the lateral drift elfect
which 18 significantly greater than that of braced columns should be con-
ﬁidﬂrﬁd i1 the design of such columns.

The design of slender columns is similar to that of column
ractored axial compression P, and factored moments M, and
lifference being that the moments should include the sec-
components in slender column design, where as these arc
ligible in short column design.

s subjected

(o a gIveD
» only «
Moy the onl)
ondary moment
ignmrrzd being ncg

10.7.3 Codal method for design of Slender columns

The 1S:456-2000 code (clause 39.7) prescribes that the design of slender
members should include the forces and moments determined
al analysis and also the effects of deflections on moments and
der analysis involving deflections and their effect on

| - . : . .
| moments and forces being cm"npuluunnully difficult and labortous, the
dures for the design of slender columns,

code recommends simplified proce

which involves the process of increasing the moments Ot reducing the
of slenderness effects.
lause 39.7.1 recommends additional méments My,
actored axial load Py, overall depth of
atios (L, /D) and ( L.,/D) derived from
ed braced slender column

mmpr{iﬁsiun
from structur
forces. The second or

strength Lo take care
‘The 1S:456 code ¢
and M, expressed In terms of the i

D) and the slenderness r
a pin end

| the member (
the deformation characteristics of

shown in Fig. 10.19.

The additional eccentricity A isaf unction of curvature. Denoting the
maximum curvature dl mid height as Qpao it can be shown that Ay lies
between (0., 12/12) and (§nax 1%/8). From Fig. 1019, case(a) & (b), con-
alue for eccentricity as,

sidering an average v
E; &= EJlnm = [.E"E'rlmuf"lfu})

Referring to Fig. 10.20 showing the relation between curvature and failure

strain profile and assuming,

0.002, d’ =0.10 and (D -d’)=0.9D

£, =0.0035and €, =
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M _égjr B
rox 1 -
L+ A
&
x4
A 4
" #
E, E ﬂmux=lg_@2@_c_.£]
| “;ﬂmﬂx"" *“ i L
L f B L 7
: g o ;
: :: [Eﬂ] ;
- /] #
/ 7 !
L Versesd
&
[B_f-‘:_gmz_;
Case - (a) Case-(b)

Fig. 10.19 Relation Between Deflection And Curvature in
Pin Ended Slender Column

Py

(e + Argy
s

% ['E{:U + fgt}
(D-d')

Fig. 10.20 Curvature-Strain Relationship

the additional moment comprises about 80 percent of the total moment.
We can express the maximum curvature as,

0.0035 + 0.
ma;r.:'[( ek - 002)}{08:!3[ 1 J

0.9D 200D

Substituting the value of ¢, in the expression for deflection e, or Ay W©

B

have
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M =P _Pu‘{); Lﬂ: ;
: U= an EUEK—} f_)l

Ma:,,=PuEa-= F‘”b ‘{E ;
' 20000 b

wher¢ .
p, = axial load on the member
L, = effectwe length in respect of major axis
Ley = effective length in respect of minor axis
= depth of ' : | . .
D p cross section at right angles to the major ax1s
p = width of member
e, and e, are additional eccentricities (Refer Table-1 of SP:16).
It i8 important to note that the additional moments to be considered are
g additiorn to the .f?fcmmd primary moments M,, and M, in the design of
colummns- The additional moments specified in the code are derived on the
assumPIiD“ that the column 18 braced and bent symmetrica]ly in single
he axial load corresponds nearly to the balanced failure

= P, .If these conditions are not satisfied, the code recom-

mends the following modifications.
For P, 2 p, , the additional moments Mmay be reduced by the

qultiplyng factor 'k’ given by the relation,

i

r prea— _—__.— I
—_—

|

— B4

| Where Py, = (045 fu Ac T 0.75 14,1 and this value can he read out from
chart-63 of SP:16 and P, 15 the axial load corresponding 1o the condition Of
maximum COmpressive strain of 0.0035 . concrete and rensile strain of

0,002 in the outer mMos! layer of

The modification suggested 11
be taken advantage Of since the valu

tension steel.
the code 1S optional
e of ‘K could be subst

and it should always
antially less than

unity.

The value of Ps depends on the arrangement of reinforcement and the
cover ratio (d'/D) and the erades of concrete and steel. The values of £, can
| ircular gections usin

be computed for rectangular :
A L] [ - P i - = asj
and k, given in Table-60 of S lation eXpresse

o the constants K,

p: 16 and the re

‘. ‘ =ka+’{i:[ ;lj

o

L
.
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The value of the reduction factor *k* can be read out from Chagy 6
. , 2P -
SP: 16 after evaluating the ratios (P/P,,) and (P/P.) 5

. PO e D enhiceted to unequal primary momen;
For braced columns subjected e e i s M,
1o be considered COMputatigyp,

18

at the two ends, the value of M,
he taken as (clause 39.7.1),

total moment may
M, = (0.4 M, +0.6 M) 204 M,

For un-braced columns, the lateral .;Ilrif'[ E!.mu..lmﬁ_[ﬂ be iﬂcludc
Hence, an approximate method of including this effect is to aSSUme llﬁl
Jdditional moment M, to act at the column end where the maximuyyy, pr]‘E
mary moment M, 1s operational. For design purposcs, the total Momep, :r.

computed as,
Mu = {Mil T Ml)
The use of these design principles IS illustrated in the following exypy, "

10.7.4 Design Example
Design the reinforcements required for a column which is restraine

against sway using the following data:

a) Data

Size of column = 530 mm by 450 mm
Effective length = 6.6 m

Un supported length = 7.7 m

Factored load = 1600 kN

Factored moment about major axis = 45 kN.m at top and 30 kN.m at bot-

tom
Factored moment about minor axis = 35 kN.m at top and 20 kN.m at

bottom.
Concrete grade = M-25

Steel grade = Fe-500 HYSD bars
Column is bent in double curvature and reinforcement 18 distributed

equally on all the four sides of the section.

h) Slenderness ratio

L.| (6600
[DJ_( mJ_ 455702

L.| (6600
(EJ—(%GJ-M.GSF}IZ

1
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(he column is slender about both axes

Hcﬂl.

gitional Eecentricities

c}fd

..] of SP: 16, tor (L/D) = 1245, (e /D) = 0078
- 14.67, {:mﬂfl—ﬂ 1O8

FGTE _ (0. U?S X 530) — 41 34 mm

jzujfjitimt:.ul Moments

o= [1{*'-0(} (4134“00(}]1 = 06.14 kN.m
M, = [100{] {43.(1[]:’1{]0(}]] = 77.76 kN.m
(k) as

e moments have to be multiplied by modification factor

The abov
1 1 of 1S:456-2000.

Pgrﬂlﬂuﬁﬁ 39.7.1.
Puf_!
k=15 —p )"
wz " b

forcement for the first trial, the ral

Assuming 3,28 percent rein 10,
(plf,) = (3.28/25) = 0.131
A ] =21

- Qp- 16, read out the ratio of [Pu/A;

From Chart-63 of §

diameter bars with 50 mm CoVvel,

and (d'/b) = (50/450) = (11
of k, and K, a8

Agsuming 25 mm
(d@/D) = (505 30) =
From Table-00 of SP: |
k, =0.207 and ky = 0.425

= [k, + ka(p/f)l o b.D

(25 X450 % 530)

16. read out the values

P, =P

bx by

=[0.207 + 0.425(0.131)] /1000] = 1566 KN
k =k, = (5008 — 1600)/(5008 = 1566) =0.9Y

Additional monmnh are modifl fied as,
= (66.14 X 0.99) = 65. 48 kKN.m

HH ~(77.16 X 0.99) = 76.39 kN.m

As per clause 39. 7.1 of IS: 456-2000 code, the initia
column should be modified as follows:

| moment acting on the
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M, = [(0.6 x 45) - (0.4 x 30)] = 15 < (0.4 x45) = g8
M,, = [(0.6 x 35) - (0.4 x 20)] = 13 < (0.4 X 35) =

As the above wlnu; are less than 0.4 times the larger end Momeny, W

. ¢ h,
! 5 X ¥ i g b P . ¥ NS !
‘to consider for design the modified initial moments as, dvp
a'llfm = 8§ kN.m H”d III1"r‘fu].' = 14 kN.m
‘These moments are to be compared with the moment due to iy
cccentricity and greater of the two values 1s to be taken g the lnmn}
. : a

moment. -
7ol

'computed as,

% [ ??{]{‘J ﬂﬂ =33.07 mm > 20 mm
3 ‘i[}l’} 30

[??m} 450
| 500 " 30

M, = 1600 (33.07/1000) = 52.92 kN.m > 18.0 kN.m
M, = 1600 (30.4/1000) = 48.64 kN.m > 14.0 kN.m

Therefore the total moment for which the column 1s to be designed are,

_(5292+6548)—1184Uk1\im
.11,*(4864+?63Qﬁ 125.03 kN.m

k)
P [ 1600x10 J:{m
fubd |~ 25x530x450

From Chart-48 of SP: 16, for theé ratio (p/f,) read out the moments as,

M, =(0.19f, bd®) = (0.19 x 25 x 450 x 530%) 107 = 600 kN.m
M, = (0.19 £, d b)) = (0.19 x 25 x 530 x 450°) 10 = 510 kN.m

J 30.4 mm > 20 mm

(M, { [18.40
|M :[

uxl J

=20
600 ]

M, (125.03“

— | = =0.25
RMU_HIJ 510

( Poj_[1600) .
P,) 50085 J_ "

From Chart-64. for (P /P,,) = 0.32 and (M_/M,,,) = 0.2 read out the value
of (M,,/M,,) =092 > (.25.
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