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_ Stress Distribution in Columns

Concentric Columns Eccentric Columns
’ 1

;P E*J'F e= b/_§: $ e>b/6, F e € P
1 . |

. 11 2 7 3| al |

| ! ! |

i I ! I

Area (A)] Area (A)] | ! | Bracket

| I ! |

i | LI I

1 1 ! |

- & l

R o el 4 —
' c2=0 02 C2{ ,
. G2 :{ ! Jl Q 'c
P/A ﬂE mﬁl G Tcr(sion ?] %
Uniform Stress Distribution A A Compression
(All Compression) L
All Compression
_ o4 = Axial Stress=P/A op = Bending Stress = My/I
N

- o =P/A £ My/l oy =P/IA+Myl o, =P/A-My/l

KERN of the Section

An area in the cross-section within which if the resultant compressive load lies no part of the cross-
section in is tension.

KERN
A
- 1 : Y S V- R
h TS
_ 1 >
e MR D/8
X | | \ i
s | bis -
DL o] 14——]3——*|
[ b 1

o Euler’s Buckling Theory (1757 A.D.)

Euler analyzed the critical load for long columns (elastic buckling) based on the differential equation of

. d%y
the elastic curve: El—< =M 2 P
© e Euler’s Formula: P = FITEI :

. —_
' ” . A

P,, is elastic critical buckling load. This formula was derived only for hinged col}lmns. { y

Generally, columns are not hinged therefore Euler’s formula needs to be generalized.

—
’ n2El  mEAT? m2EA Prs _ _mE Opy _ WE ;
—_e—— = — T — = = = i = —
For [ (kly)? (kLu/r)z / A (kLu/r)z k (kly /)2
o = Critical Stress’ P ) A : | 1
o : . A \ _Euler's Curve ]

E

Pmpo‘mon .len 1100 N

g '(klu/r;z
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Critical loads for columns with end conditions other than hinged can be expressed in terms ©
for hinged columns: %

P cr (for other end condttions) = N P cr (hinged column)

For hinged columns: k = 1.0

CopY
2 2 . \\Olm_ ‘
p = TEI _mlEl g\\aﬁ‘s‘Y b (U.E-ﬂ‘
s Girls L2101 aamand
. 3 -Q5~
For fixed ended columns: k = 0.5 25 ey Com‘-‘d'

TR

End Conditiqn N = Number of times strength | Effective length, |
of hinged column l,=kl,
Hinged ] \ =1,
Fixed.Ended 4 1 I, =0.5],
One End Fixed, .
other Hinged 2 L.=0.71,
One End Fixed :
s =9
other Free 95 ﬁ\0-?.5' le=2.0L,

= angent Modalus
- Limitations/Assumptions of Euler’s Formula PIAL . / Carve
v W . . Uy : —---’-.‘.‘___~
Column must be Initially straight ‘ : .
Column must be of homogeneous material Oplocdo_____\¢_ Exdie S

Column carries perfectly axial load (e=0)
Column should have uniform cross-sectional area throughout smi Eermediane
Self-weight of the column is neglected Col.} Col.
Column is very long as compared to its cross-sectional dimension '
Column fails only due to buckling '

Stress should not exceed the proportional limit

IR R

U

o

pet I
Ofawatan

(==}

Stress~Slendemess Ratio Carve
Oy=yield Stress, Gy = Stre

ressatP.L

ilankine-.]ordan Formula (for critical load)

PCT _ qu ) /

| 1lta /2 / Ccops
where _ )

ot
Ju = ultimate stress = g, _
f u.kz
tant, a =
Constan 72E

k = Effective length factor
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