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BUCKLING OF COLUMNS

» Stability of columns
A prismatic column can be idealized to a spring rigid bar syste

Consider an identical structure as shown below. Member
supported by an elastic spring of stiffness k at top.

The bar supports a centrally applied load P that is jpé ligned with the axis of bar, hence the spring
has to be inserted force in it.
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If the bar is disturbed by some external force so that it rotates slightly t

The stability conditions for the column are:
(1) If restoring moment is greater than distorting moment then in ‘Stable equilibrium.

KL?6 > PL

ing moment then column is in unstable equilibrium.

KL?0 < PL 6O

Contact- 9740501604



I ITi ans G AT E :;'I:;ZSAL[‘-?)T:ECLASSES
C L A S S E S Visit us: wwwi.iitiansgateclasses.com

Mail us: info@iitiansgateclasses.com
EXxcLUSIVE GATE CoACHING BY lIT/lISc GRADUATES

A division of PhIE Learning Center

uns-table
equl!i’ov&w

Contact- 9740501604



I ITi ans G AT E :;'I:;ZSAL[‘-?)T:ECLASSES
C L A S S E S Visit us: wwwi.iitiansgateclasses.com

Mail us: info@iitiansgateclasses.com
EXxcLUSIVE GATE CoACHING BY lIT/lISc GRADUATES

A division of PhIE Learning Center

» Euler buckling theory
This theory is applicable to materials following Hook’s law.

Consider the loaded column as shown below,

JP
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pv =- g1 &Y .
dx?

d?v P
dx El

V = Asin kx +

To find A an ndary condition.

e Hinged — Hinged
V(0)=0; V(1) =0
~ B=0
Asinkl =0

~sinkl =nm  whel
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n2m2El
12

Per =
Here I should be the minimum principal inertia.

Also,

I=Ar? - whereris radius of gyration.

L. .
P, = — where ~is slenderness ratio.«
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» Similarly for other boundary conditions

Boundary L,

Condition

e Hinged-Hinged

e Fixed-Fixed

e Fixed-Free

Fixed-Hin
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Problems

1.

Two massless rigid bars, each of length @ = 0.5m, are connected by a rotational spring having
stiffness k£ = 1000 N.m/rad. Find the buckling load P (in kN).

"y

a
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Sol. 4 kN

X=af

k = 1000 N.m/rad

a=05m

D.M. = P.a8

R.M. = k.20

Y M, =0

R.M.-D.M. =0

k.20 —P.a8 =0

So R, =2 =20 = 4 kN
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For a long slender column of uniform cross section, the ratio of critical buckling load for the case
with both ends clamped to the case with both ends hinged 1s

(A)1 (B) 2 (C) 4 (D) 8
Sol. C
Per1 = 4“;}31 (for both ends fixed)
Perz = “;EI (for both ends pined)
So % =4
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3.

The hncliiing load for a simply supported column of rectangular cross section of dimensions
L emx1.5 cmand length 0.5 m made of steel (E =210%10" N/m?) is approximately

(A) 10 kN (B) 4 kKN (C) 23 kN (D) 46 kN

Sol. A

For a simply supported beam,

m2EI
PCI' - 12

E =210x 10° N/m?
[=0.5m

bd3® _ (1.5%x107%)x(1x1072)3
12 12

I =

Then, P, =10.36
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4

A column of length { und flexural rigidity E/, has one end fixed and the other end hinged. The
crirical buckling load for the column is

zEl T El T El
(A) (B Dy ——

(0.51%° }{-u.m” e (20)°
Sol. B

For one end fixed and other is hinged,

Leg = LIN2
_ T2EI
Per = (0.71)2
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5.

Consider a steel (Young's modulus E = 200 GPa) column hinged on both sides. Its height 15 1.0 m
and cross-section 1s 10 mm x 20 mm. The lowest Euler critical buckling load (in N) 1s

Correct Answer :

RS o 32Q5

Sol. 3289.73 N

m2El
12

I:)cr =

(for both side hinged)

= bd® _ 20107 _ 1 666.66 mmt

E = 200% 103 N/mm? , [ = 1m 210(
12 12

So, P., = 3289.73 N

Contact- 9740501604



I ITi ans G AT E :;'I,:Ia\lrésAchT:ECLASSEs
C L A S S E S Visit us: wwwi.iitiansgateclasses.com

Mail us: info@iitiansgateclasses.com
EXxcLUSIVE GATE CoACHING BY lIT/lISc GRADUATES

A division of PhIE Learning Center

A simply supported slender colummn of square cross section (width=depth=d) has to be designed
such that 1t buckles at the same instant as 1t yields. Length of the colunm 15 given to be 1.57 m and
it 15 made of a matenal whose Younz's modulus 15 200 GPa and yield stress 1s 240 MPa. The
width, 4. ot the column (1n cm) should be

Sol. 5.99cm

m2EI
12

P = (for simply supported column)

[ =1.57 m, E = 200GPa, gy1q = 240

5o = P _ T2EI _ BDp® _ a*
o a 12.d2 '’ 12 12
_ m2E _ ad* _
Ocr = 12.42 x E = Oyijeld

d _ (Gyield X12X12)
B T%E

Contact- 9740501604



I ITi ans G AT E :;'I,:Ia\lrésAchT:ECLASSEs
C L A S S E S Visit us: wwwi.iitiansgateclasses.com

Mail us: info@iitiansgateclasses.com

EXCLUSIVE GATE COACHING BY lIT/lISc GRADUATES

A division of PhIE Learning Center

For a slender steel column of circular cross-section the critical buckling load 1s £ . If the diameter

of the column 1s doubled (keeping other material and geometrical parameters same). then the
critical buckling load of the column 1s

(A) B, /16 (B) 8P, (C) 2B, (D) 162,
Sol. D

_ m2EI
PCI'_ 12

_ mad*

T 64

n?E _ mwd*

Per =2 X,

P, o« d*

Contact- 9740501604



lITians GATE
CLASSES

EXCLUSIVE GATE COACHING BY lIT/lISc GRADUATES

A division of PhIE Learning Center

%=(Z—j)4=24=16

I:)cr,Z = 16Pcr,1
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In the steel structure (Young’s modulus = 200 GPa) shown in the figure. all members have a
circular cross-section of radins 10 mm. Column BD is pinned at B and D. The suppoit at A is
hinged. The munimum value of load P at which the column BD may buckle in Newtons is
approximately

A Thik B m C
+ P-4 »
(@)
§\\\\* v
2m P
DO Y
N
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Sol. 1937.8 N

Lets R is load applied on column BD.

E = 200 GPa, radius of member, r = 10 mm, I = ”6—T

YM,=0=Rx1-Px2

T2El
R=2P="F =
2 4
P=-xZEx™ -1937.8N
2 1 64
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A structural member of rectanpular cross-section 10mm= 6mm and length 1m 15 made of steel
(Young’s modulus 15 200GPa and coefficient of thermal expansion 1s 12 x 107° f °C). It 1s nndly
fixed at both the ends and then subjected to a gradual increase in temperature. Ignoring the three
dimensional effects, the structural member will buckls 1f the temperature 1s increased by AT °C

which is
Cross-section
im e
% 10mm
(A) 19.74 (B) 9.87 (C) 78.96 (D) 39.48
Sol. B

[ =1m, E = 200GPa
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_ bxd3® _ 10x63

I = 180 mm*

12 12

2
P, = 41:2}31 (for both side fixed beam)
2
O = —2 =22 = gATE = o7
R < o

AT =21 =989 °C
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10. :
A 200 mm long simply-supported column has a 5mm x 10 mm rectangular cross section. The
Young's modulus of the material E = 200 GPa. Assuming a factor of safety of 2.5 corresponding
to the buckling load, the maximum load (in N) the column can support in compression 1s

g

Sol. 2056.03 N

[ =200 mm, E =200 GPa, fos =2.5

_ yield load
fos= ———
applied load

2
yield load, P,, = “l—ZEI

Then, applied load, P =

m2EI
2

l“.fos

_ bxd3 _ 10x53
12 12

I =104.16 m

P =2056.03 N
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11.

A solid bar of uniform square cross-section of side b and length L is rigidly fixed to the
supports at the two ends. When the temperature in the rod 1s increased uniformly by Te, the
bar undergoes elastic buckling. Assume Young's modulus E and coefficient of thermal

expansion & to be independent of temperature. The coefficient of thermal expansion & is
given by

a) 32 ® 2 © == o =2
TeL” ) T2 2T L? .
Sol. D
P, =*ZE (for both side fixed ba
Ocr = % = ?2-[2]? = aATE
I = bxd? = bt
12 12
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4m? b* _ 1 m?b?

b =-.
1?b2T, 12 3 12T,

So, a-=
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12.
An mitially stress-free massless elastic beam of length L and circular cross-section with diameter d
(d << L) 1s held fixed berween two walls as shown. The beam material has Young's modulus £ and
coefficient of thermal expansion a.
y ‘Y ¢
/1 Vv
/ L ¢
If the beam is slowly and umiformly heated. the temperature rise required to cause the beam to
buckle is proportional to
(A) d (B) d? (C) d= (D) d*
Sol. B
Area, A= "2
4
_madt
I'= 64
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2 7Td4
oo = ﬁ 4Tt E'_64
cr A lZ TL’_dZ
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