ME111
Instructor: Peter Pinsky
Lecture #14
October 27, 2000

Today’s Topics

« Columns with eccentric loading.

« Secant column formula.

Reading Assignment

Juvinall, Section 5.13 -5.15
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14.1 Columns with Eccentric Loading

« The Euler and Johnson formulae govern columns which have perfectly
concentric loading (ideal columns).

« Because of manufacturing tolerances, ideal columns are seldom found
in practice.

* Most columns, either through design (in which a load eccentricity is
deliberately introduced) or because of manufacturing defects (in which
a load eccentricity is accidentally introduced), will be subject to eccentric
axial loading.

« The load eccentricity can seriously degrade the column failure load
below the ideal column estimate (Euler or Johnson formulae).

Equilibrium:
4 M.=0:

M(X)- P(e+v(x))=0
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14.2 Secant Column Formula

* Let’s set up the mathematical problem:

Equilibrium:
M d¥
M (x) = P(e+ v(X)) TEBal
Combining:
dr  , . P
e PVEPe P

General solution:

V(X) = C,snpx+C,cospx- e

Boundary conditions:
v(0)=v(L)=0
Integration constants:

Cl:etan%; C,=e

V(X) = ege[an%s'npm cogpx- 19
e %)
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Beam theory:

ME111 Lecture 14

Maximum deflection:

Vi = V(L/2)

Recalling

We can write:

Decreasing e
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Let’'s examine the maximum stress:

Maximum moment is

M e = P(€+ Vi)
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The last expression can also be expressed as:

P owmm
A e @l [Po
pzseoézp EA;

Let's use this result to consider the condition when failure will first

occur. For a ductile material, this will happens when the max stress
reaches the yield strength, and for a brittle material when the max stress
reaches the fracture strength:

G ® Syc; P® Py

(assuming a ductile material for the moment). This now gives a
failure condition as:

=)

Failure
SS'C at mid-span

« This is known as the secant column formula

* Notice that we have replaced L with L to
account for the columns support (end) conditions

=]
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Define the eccentricity ratio to be

Then the secant formula can be written as
R Se
A ol P, o
1+ E s;ecg;eﬁ1 ’—L:
$2p VEA;

For concentrically loaded columns, it is recommended to take

E, =0025

as an estimate of the actual eccentricity introduced by manufacturing
tolerances.

14.3 Factor of Safety

Define the factor of safety as:

P
— y
N, =5
design
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For eccentric intermediate columns
with small eccentricity ratios, the
Johnson concentric load formula may
govern and should be computed.

6o Johnson line (concentric load)
2
_ 16556
o = S/ =S T
Ee 2n 4

Euler line (concentric load)
=
Cocr = S'2

Re . Sie

cr e —
AL, E,secg’ﬁ fig
&2p VEA;
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Example 14.1

A column is 25 ft long and is pinned at its ends, and supports a centrally
applied load P, = 320 kib and an eccentrically applied load P, = 40 kib.

(a) What us the maximum compressive stress in the column?

(b) If Sy =42 kpsi, what is the factor of safety against failure?
(c) Ignoring the eccentricity, what is the factor of safety against buckling?

P, = 320 kib P, = 40kib
e=13.5in

E=30Mps, Ly =25ft
A=241in?, p = 6.05in
c= 7.16in

1 le— W14 82column(| section)

c=7.16in *
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Example 14.2
A column with the cross-section shown has the following data:
Sy = 20kpsi, E=10Mpsi, Ly = 120n

(a) Determine the critical concentric load.
(b) Determine the critical eccentric load ifE, = — =1

hel

C«— 8in” 12in" linthick
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