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CE6505 DESIGN OF REINFORCED CONCRETE ELEMENTS
UNIT- IV
LIMIT STATE DESIGN OF COLUMNS
QUESTIONS & ANSWERS
PART - A
1.Briefly explain the classification of columns.
Columns can be classified based on
1.Type of reinforced as
- Tied columns
- Spiral columns
- Composite columns
2.Type of loading
- Axially loaded columns
- Columns with uniaxial eccentricity
- columns with biaxial eccentricity
3. Slenderness ratio
- Short columns

- Slender or long columns

2.Briefly explain uniaxial and biaxial eccentricity.
In uniaxial eccentricity the load acts eccentric to one axis but lies on the other. These are
generally encountered in case of rigid connections to beams from one side only such as edge

columns. In biaxial eccentricity the load acts eccentric to both axis

3. What is the importance of slenderness ratio in columns?
IS 456-2000 code clause 25.1.2 classifies a rectangular compression member as short.
When both slenderness ration’s Lex/D and Lex/b are less than 12.1f any of these value are more

than 12, then it is termed as slender or long column.
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4. What is the minimum eccentricity to be adopted while designing columns?
All columns should be designed for minimum eccentricity which (Clause 25.4) may arise
due to imperfection in construction and inaccuracy in loading given by the relation,
emin = (L/500+ D/30)
but not less than 20mm
Where L = Unsupported length
D = Lateral dimension in the plane of bar

5. What are the assumptions made in the design of short columns?
The main assumptions made in the limit state design of columns are
I The maximum compression strain in concrete in axial compression is 0.002.
ii Plane sections remain plane in compression
iii The design stress strain curve of steel compression is taken as the same in

tension

6.Write the expression for the ultimate loade bearing capacity of a compression
Pu = 0.4f¢ .f,+(0.6f, — 0.4fu)Asc
Where
Pu — Axial ultimate load on member
Fck — Characteristic compressive strength of concrete
Ac — Area of concrete
fy- Characteristic strength of compression reinforcement.

Asc — Area of longitudinal reinforcement.

7. What are the points to be considered while designing longitudinal reinforcement for
columns.

i Minimum diameter of bars is 12mm

il Minimum area of steel for longitudinal reinforcement = 0.8% of area of concrete

iii Maximum area of steel for longitudinal reinforcement = 0.6% of area of concrete

iv Minimum number of bars 9longitudinal) in rectangular column shall be 4 and 6 in circular

columns
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8. What are the factors to be considered while selecting pitch and diameter of lateral ties
for columns?
Pitch of the transverse reinforcement should be least of the following distance
i The least lateral dimension of the compression member
ii 16 times the smallest diameter of the longitudinal reinforcement bar to be tied
iii 48 times the diameter of the traverse reinforcement
Diameter of the ties shall not be less than ¥4 of the diameter of the largest bar and in no case less

than 5m

9. What are the factors to be considered while selecting pitch and diameter of helical
reinforcement for columns?
Pitch : Helical reinforcement shall be of regular formation with the turns of the helix spaced
evenly and its ends shall be anchored properly by providing one and a half extra turns of the
spiral bar.
Where an increased load on the column on the strength of the helical reinforcement is allowed
for the pitch of the helical turs shall be

i Not more than 75mm

ii Not more than 1/6™ of the core diameter of column

iii Not less than 25mm

iv Not less than 3 times the diameter of steel bar forming the helix.
Diameter The diameter of helix shall not be less than 1/4™ of diameter of largest bar and in case

be less than 5mm.

10. What are braced and unbraced columns?

In most of the cases, columns are also subjected to horizontal loads like wind, earthquake
etc in addition to vertical loads. If lateral supports are provided at the ends of the columns, the
lateral supports. Such columns an called braced columns. In other columns where lateral loads

are to be resisted to be resisted by columns themselves are called unbraced columns.
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UNIT 4

LIMIT STATE DESIGN OF COLUMNS
PROBLEM 1
Design an axially loaded tied column 400 mm X400 mm pinned at both ends with un

unsupported length of 3m to carry a factored load of 2300 kN. Use M20 grade concrete
and Fe-415 grade steel. (Anna Univ. Nov/Dec. 2007)

& Solution

(i) Given Data
Unsupported Length, Ly=3m

Pin — jointed, i.e., effectively held in position at both ends but [ o=l =30m
not restrained against rotation . Hence effective length g

Size of column 400 mm %X 400 mm

Factored load =2300 kN; £, =20 N/mm® and f, =415 N/mm’

(ii) Slenderness Ratio

L 3000
D= 400 smlaw 12

Hence the column is designed as a short column
(iii) Minimum Eccentricity

__L D _3000 400
min= 500 © 30 500 30

e

=19.33 <20 mm

also 0.05 x D =0.05 x 400 =20 mm
Hence the eccentricity condition is satisfied
(iv) Main Reinforcement
P, =104 fu Ay +(0.67 £, = 04 f) Ag ]
2300 x 10% = [{ 0.4 % 20 X (400%) } + { (0.67 x 415 - 0.4 % 20) A, }]
2300 x 10° = 1280000 — 270.05 A,

A,, = 3777 mm”

1
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37T i
Percentage steel, p= ; ¥ 100 =2.36%
4007

Thiz is more than 0.8% and less than 6%. Hence area of main reinforcement is

satisfactory.  Provide & bhars o 25 mm dia (4, =3925 mm°) at a spacing of
400 — 40 - 400 - 25
l 5 - = lfﬂjmmJ 147.5 mm with a cover of 40 mm.

| g
(iv) Lateral Sreel

. . 25
Dimneter of link + T-ﬁmm

Adopt 10 mm dia. bars with spacing, al the least of

(a2} dmension of column =200 mm

(b1 15 times dia ot lonaitudinal steel = 16x 25 =400 mm
(cy 300 mm

Adopt 300 mm spacing.

40 mm 400 mm |
- _L —"1 =~— 4} mm
— _Lateral links
T @ ® ﬂ |~ 10 mmdia at 300 mm spacing
o
"‘\\_““ -
™ Longitudinal reinforcement
400 mm r '.""72 Nos. of 25 mm dia bars
i
/]
| e e o
PROBLEM 2

Design the required reinforcements in a column of 400 mm x 600 mm size subjected to a
characteristic axial load of 2000 kN. The column has an unsupported length of 3 m and
is braced against the sidesway in both dimensions. Use M20 concrete and Fe-415 steel.

(Anna Univ. Nov/Dec. 2009)

&2 Solution

(i) Given Data
Unsupported length, Lg=3m
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Braced against sidesway. Hence effective length, Le_f: Lp=3m

Size of the column =400 mrn * 600 mm
Characteristic axial load =2000 kN
Factored load = 1.5 2000 = 3000 kN

{it) Slenderness Ratio

L3000

Hence the column is designed as a short column.
firi) Mindmum Eccentricity
L D 3000 400

Eanirr = ﬁ + E =300 + E = 1933 <20 mm

also 0,05 x D=0.05 x 400 =20 mm
Hence the eccentricity condition is satisfied.
(iv) Main Reinforcement
P, =104 fudty +(0.67 f, — 04 fy) Ay )
3000 % 10° = [(0.4 % 20 x 400 % 600)] + [(0.67 x 415) = (0.4 x 20} A,]
3000 3¢ 10° = 1920000 + 270.05 A,

Ag, = 3999 mm’

Percentage steel, p= 4% ¥ 100 =1.67%

This is more than 0.8% and less than 69.

Hence area of main reinforcement is satisfactory.

Provide 8 bars of 25 mm dia and 2 bars of 16 mm diamcter (A, = 4320 mm?)

{v) lLateral Sreel
Largest Dia | E, e 6 mm

4 , LE., 4

Adopt a diamecter of link as 10 mm and spacing of the link not 10 exceed the least
the following

Diameter of iink 4

(a) Least lateral dimension of ¢olumn =400 mm
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(o) 300 mm

Adopt 230 mm spacing.

40 mm —d
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PROBLEM 3

Determine the cross-section and reinforcement Sfor an axially loaded column wi
Jollowing data

Factored load =2000 kN
Concrete grade = M20

Characteristic strength of steel =415 N/mm”
Unsupported length of column =3 m

S® Solution
(i) Given Data
Effective length of column, Ly=3m

Factored load =2000 kN
f =20 N/mm® ; £, =415 N/mn?’

(i) Slenderness Ratio

Assuming the column as short circular column with Ler=Lg

Lef,r
—L <12
D<1H

i.e., Assuming D =400 mm

_ Ler 3000
Le., D —W—7.5<12

Hence designed as a short column.

(iit)  Minimum Eccentricity

Ly D 3000 400
min = 350 +% _5—00+ 30 - 19.33 mm < 20 mm

and 0.05D =0.05 X400 = 20 mm

Hence the eccentricity is within minimum limits.

e
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(iri}) Main Reinforcenent

(P dnetien = 103 (P

L___I

|| 0.4x20 % ——- |+ (0.67x415-04x20)4,,
\ )
¥ rat= =..ﬂ.3 FOARAGTY & YIR NS 4

1900 X U = jlRiSsu+ .ar-..rvp.r“a-jr

IR

‘J‘.f-=_' =
Tu O ORI S T o ew Il Roieen f 4 T LA mmzl\.
PIoviie & INO. O L0 I Q18 OLfS (M, = JFoa0S i
- L T B o
[vi HeHcd RETforLeimeni
Adopting clear cover of 50 mm over spirals
P e mgae — FAFWY Y e ST — TOWT) e
OTE WIKITIEICD = 5Pl — L A JUWJT == R LLEREE
Pitch is determined from the expression
1
. LI xaxDpxf,
- .-'r'.z hi‘l. o
L — &b ek
S A _..._...E
Azzuming & mm diz bar as helical reinforcement. a = 5024 mm
| 400 mm |
! . | Longitudinal reinforcement
' l © 8 Nos. of 25 mm dia bars

Cover 50 mm

—_—

300 mm 1
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111 % 50.24 % 300 % 415
(4007 = 300%) 20

5=

=496 mm =45 mm
Az per code

(i) Spacine not more than 75 mm
[ £

{il)  Spucing not more than {core diameter +6) @rjf} mim

6
(it} Spacing not less than 25 mm
(v} Spacing to be greater than 3 limes dia of helical reinforcement =3 x8=24 1

Hence a piteh of 45 mun is provided. The cross-section of the column is shown

PROBLEM 4

Design the reinforcements in a circular column of diameter 350 mm with helical
reinforcement of 8 mun diaineter to support a factored Iload of 1400 EN. The column
an unsupported length of 3.5 m and is braced against sidesway. Adopt M20 grade concrete

and Fe-415 steel bars.. (Anna Univ. May/June 2012)

&& Solution

(i) Given Data

Length of the column, Ly=3.5m
Diameter, D =350 mm
fox =20 N/mm® ; £, =415 N/mm’
Factored load = 1400 kN
Effective length. Ly=Ly=35m
(ii) Slenderness Ratio
| Ly 3500

il - lakaaalc

Hence the column is designed as a short column.
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{rii}  Minimum Eccentricity

__L D _350 35 _
€min =300 + 30°= 500 + 0 - 18.67 mm < 20 mm

and also 005D =005x350=17.5<20 mm

Hence eccentricity condition 1% satisfied.

(iv) Main Reinforcement

(Peheticn = LO3 (Prr)lir:ﬁ

Py =105 [04 f A+ (0.67 f, = 0.4 f0) Ay ]

7 +(0.67x415-04x20) A,

)
140(}:{mgzldmlﬂﬂxmxnx:ﬁﬁﬂ }

1333.3 % 107 = 769300 + 270.05 A,
Ay = 2088.5 rrJrn2

. 2088.5
1 x (350)%/4

Hence the requircment of main reinforcement is satisfactory as it is more than 0.8%
and less than 6%

= [0 =2.17%

Provide 8 bars of 20 mm diameter (A, =252 mm’)

Helical reinforcement is provided as 8 mm dia bars.

2
mxa -
Let cover be 50 mm and a=—7—=50.24 mm’
5 ~ I.]I. &l Dkf'l.'
P:lCII'Ig. y=—
(D>~ D}) fx
11.1 = 50.24 = 250 < 415 — 427 mm

(3507 - 250%) % 20
Spacing should comply with the following specifications.
(1) <75>mm

core diameter _ 250
B O

1) =25 mm

(it) =— 41,67 mm

(iv) >3 x dia of helical reinforcement =3x8=24 m.

Adopt 40 mm spacing
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PROBLEM 5

A column of size 300 mm x 400 mm has effective length of 3.6 m and is subfected to a
Jactored load of 1100 kN and a factored moment of 150 kNm about the major axis. Design
the column using M25 concrete and F e-415 steel. Adopt limit state method.

(Anna Univ. Nov/Dec. 2010)
=B Solution

(i) Given Data

Factored load = 1100 kN : f., = 25 N/mm?

Factored moment

] £ 2
about major axis _ =150 kN.m: fy =415 N'mm

Effective length =3.6m Size of column : 300 mm x 400 mm

(i) Slenderness Ratio

Ly 3600
—L =2
D 400 AL

Hence design as short column

fifi} Ecceniricity
L i D 3000 400

Eoin = 500 30" 300 +—3-ID—== 19.3 mm < 20 mm (assuming L= 30 )
- M _ 150 % 10°
Actual eccentricity, e="T=—""2"""__ 1354 mm> 20 mm
P 1100x 10°

Hence to be designed for moment and compression,

(vl Nen-dimensional Pearamerers

Py 1100%10°

e UMM i
S 8D 25 %300 x 400
M 5 o

(PO ol L

S bD? 255300 x 4007

Assuming D

=0.10; d’=0.10 x 400 = 40 mm

CE 6505 DESIGN OF CONCRETE ELEMENTS/UNIT 4



SRI VIDYA COLLEGE OF ENGINEERING AND TECHNOLOGY QUESTION BANK (16 MARKS)

fv) Steel Requirement

fal Meain Bars

P
From Chart 32 of P16 (Fig.8.13) for —4— =0.37

S bel
) M, P .
and 5 =0.125, = is read as 0.085
fra bD” Tk
L€ p=0085xf,;=0085x25=2.13%
213 % b4
Ay = TR 9556 mm?

Provide 6 bars of 25 mm dia (A, = 2943.75 mmz}

. 300 -2 x40
Spacing = T 110 mm

2

fh} Lateral Links
Use 10 mm dia bars. Spacing should be least of

(i) dimension of the column 300 mm / 400 mm

(i1) 16 times the diameter of fongitudinal steel, ie., 16 % 25 = 400 mm

{m) 300 mm
Adopt 300 mm spacing of 10 mm dia bars of Fe-250 steel
40 mm 400 mm
[ i Longiturinal bar
I 6 Nos of 25 mm dia
[ 7
nr—T1 7T,
300 mm | ] | /
| T . Lateral links of 10 mm
| dia bars 300 mm spacing
n | o
|
[

40 mm 40 mm
Axis of bendi
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PROBLEM 6

Design the reinforcement required for a circular column of 450 mm dia subjected to a
Jactored load of 1000 kN and a factored moment of 100 kN.m M20 grade concrete and
Fe-415 steel were used. Assume d 7D = 0.10.

&® Solution

(i) Given Data
D=450mm; £, =20 N/mm?

f, =415 N/mm’

Factored load, P,=1000 kN
Factored moment, M, =100 kN.m

(i) Non-dimensional Parameters

P 3
U _ 1000 x 10 ~0.246
foxBD 20 x 450 x 450

M,  100x10°
£ bD* 20 %450 x 450°

=0.055

(iii) Reinforcement

(a) Main
P
From Chart 56 of SP16, for —— =0.246 and
fck bd
Mu 2 .
ST 0.055,— isread as 0.05
for BD ek
£ -005
fck
p=00x20=10

_ pmD* _ 1.0x7x 450

= = = 1589.6 mm”
100 x 4 100 x 4

Provide 8 bars of 16 mm diameter (A= 1607.7 mm®)
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Frovide & mm dia.

rner of a multistoried building is subjected to an axial
with factored moments of 75 kN.n and 60 kN.m acting

PROBLEM 7

A short column located at the co
factored load of 2000 kN together
The size of the column is 450 mm x 450 mm. Design suitable
Adopt M20 grade concrete and Fe-415 grade steel,
(Anna Univ. April/May 2008)

in perpendicular planes.
reinforcements in the column section.

c® Solution
(i) Given Data
b=450mm ; =20 N/mm®

12
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D= 450 mm ; f, =415 N!mm‘“’

P, = 2000 KN
My, =T5kN.mm; My, = 60 kN.m

F

d
Assume D =0.10

{ii} Eqm'm.!en: Moment |
Reirforcement in the section is designed for the axial

equivalent moment and finally reduced for safety.

compressive load P, and the

-
M, =115 VM, + My,
— 11575 +60°
= 11045 kN.m

fidr) Non-dimensional Parameiers

. 3
Pu_|_| _2000x10°_|_¢ 404
feor bD 20 x 450 < 450

, - 106
My \_[ 11045107 |45
fabD? | | 20x450x450°

b

(iv) Reinforcement
Since the column is under biaxial
on all fuur sides. Hence using

bending, cquivalent reinforcement should be provided

13
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P
Chart 44 of SP =16 (for f,=415N/mm® and d’/D=0.10) for ; 5 =0.494 and
' ek

M
~—"—J=ﬂ.ﬂﬁ] the £~ is read as 0,065
fu b Tok

P =0.065 f,; = 0.065 x 20 = 1.3%

A o PbD _ 1.3 x450%450
€100 100

Provide 4 bars of 25 mm diameter and 4 bars of 16 mm diameter (A, = 2766 mm?)

= 2632.5 mm°

distributed equally on all faces with 4 bars on cach face

100 = 2766

2 1.37%
450 » 450 "

MNow p=

)
L 13T _ 6068

f. 20

‘ﬂ
f—=l}.063 and ——— = 0,494, the value of

Again using Chart 44 of SP-16, for f fob

M,/ D is found us 0.065
M,y = (0.065 X 20x 450 x 450%) x 10°® = 118.5 KN.m

Recause of symmetry

M, =M, =1185kN.m
P,.=10.45 f4A. +0.75fA,.]

=[0.45 x 20 (350° = 1708) + 0.75 x 415 x 1708] x 10" °

=2323 4 kN
Py \_ 2000
[ P, ]' 2323.4 - 086

P
From Fig.8.18 for F—*—’- =0.86, o, is read as 2.0

ftivi Check for Sdfery Under Biaxial Bending
o [

L L

(M) ()" ]
() () ]

14
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Lkll"/ \\-‘:_J B

Lh

{oe]
Ln

= i

]
Lh

P

O

Hence the section is safe against biaxial bending.

15
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