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; 44,38 x P x a x L 17.4 Egl
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This value of PCr is within 6% of actual value.

Checking at center, P, :.Iﬁ‘zzEgIQ
L

From this example it is seen that when a cover plate is placed over
center 508 column length, it I8 almost as effective as having cover plates over
full length., In fact this type of column is about 85§ as efficient as if the
cover plates are extended over the full length.

G arylng Moment of. lnertia.

In columns wl?h unlformly varying moment of [nertia the numerical procedures

show thelr advantages since columns of this type cannot be solved by the use of

Dinnick Tables, The following example will demonstrate the use of the numerical

procedures to solve this problem, :
.
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The probiem is to find the load that is critical in buckling for the beam
shown which has a moment of inertia varying uniformly from 1, at one end to 7 I,
at the other. Much work can often be saved if the buckled shape of the column is
visualized and an intelligent guess is made as to the deflections A4, . These
deflections are then guessed and all multiplied by an arbitrary factor "a" which
could be feet, inches, etc. The line M 1is then calculated by M=P A, .
The line @ is found by divid]ng the M at each panel point by the E| at that
point, E.B. at point (3) M A - IR

o 3 Eole 0.67 x Pa/Ejlg

The values of @ are found by the use of equivalent concentrations and Simpson's
Rule. [.e.

A & S

o~ é A
2%(7‘”66“ e 7% [a rr0b H-) 24 (76' s d)

The values for o at the various panel points are the values used for a, b and ¢ .
14 is necessary to assume value for the slope so a value of +16 is used between
pane! points (I) and (2). Then on this basis the other slopes are calculated.

For example, the slope between panel points (2) and (3) is 16 + O at (2) =

16 = 5.67 = 10.35 Pa.h/12 Ejl, . The deflections y| , based on the assumed values
of @ calculated by 2@ “up to the point concerned times h . I+ is known that
the deflection at point (1) = O so this is the starting point. E.G: to find vy

at point (4)

S @ up to point (4) = 16.00 + 10,33 + 2.63 = 28.96
Therefore vy, at (4) = 28.96 Pa.h?/12 Eglg -

However, in this way vy, at point (7) turns out to be
10.53 Pa.h2/12 Eolp « Since the support at (7) is non-yielding the deflection
there must be 0. This error is due to the fact that the values of @ were merely
assumed ones and necessitates the application of a linear correction which will be
called y. . Since the deflection at (7) = 0, y. = -y, = =10.53, The values of
Y. @t the other points are found by simple ratio. The final deflection y 1is
found by vy = Yy * et

If these final deflections (y} are equal to the ones originaily assumed
( &), then the original assumptions were correct and A, a = y(Pa.h2/i2 Eylp)

at every point on the column. Checking this at point (2)

B
| x a = E2;§4 Pa. and h =k
{2 EOHO 6

o 2B w36 3036,

14,24 L2 . L4
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At point (3}

20 = S35

2% 12 x 36 Ejlg  37.8 Eglo
22.81 |4 L

In order to get a more accurate value for P the procedure Is repeated
using new values for A which will be called A , . These values are found by

ratio as followss

At point (1) let Ao a +|
At point (2) A g = t2l2) . 2.8l . 4,60

y at (1) 14.24
At point (3) A p m 1AL AlilB w4168

y at (

and so forth. The remainder of this problem will be left as an exercise for the
reader. The value of P obtained by this second trial will bo considersbly more
accurate than the value obtained by the first trial and P may be found to any
degree of accuracy depending on how many trials are made.

Let us assume that P gﬁifﬁﬁﬂjﬂ. ; &lthough this is heing conservative.
L

A column with & moment of inertia of 'tﬁ would have a critical load of
Por = 772 Eolo/l? = 9.87 Eglg/L? . 11 Is Interesting fo note that a column

with moment of Inertia varying from |, to 71, has a critical |oad more than

three times as groat as the column with moment of inertla Il + Thus, in calecu=
lating the ¢ritical load it would be more correct to use the average | than to
use the minimum | .+ |t can vasily be seen from this problem and the previous one
where a cover plate was put over the centre section of the column that the moment
of inertia at the centre of the calumn 1s the important thing.

One problem which arises when a column of varylng El is used 1s the
determination of the allowable sirass on the column. Formulae tor allowable
stresses on columns usually give the allowable
stress as a function of the L/r ratio.

However, the expression L/r begins to lose
its meaning when & column of the shape shown
s encountered.

One possible solution to this problem is to
find the critical load of the column shown
and then fto find the cofumn with the same
length but of uniform El which will have
the same critical load as the column shown.

The L/r ratio of this column with uniform
El 1is then used as the L/r ratio of the

c¢olumn shown for the purpose of calculating
the allowable stress.
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This discussion is not meant to be a course in numerical procedures
but is meant to outiine the basic principlies used and to indicate some of the
problems to which these procedures may be applied., Since many of these simpler
problems may be solved more easily by other means, the numerical procedures do
not show their true advantage. However, they are extremely useful in many more
complicated problems, e.g. design of buildings fo withstand earthquake vibrations.

*Diagram for top of page 22
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