Structural Mechanics 2.080 Recitation 8

Semester Yr

Recitation 8

Example: Pin-pin supported column with eccentric axial load.

|/ L

de
D M(@) = Ple+ w(x))

:éfu[;)

i EIw" + P(e 4+ w)
P
P
2 _ -
Internal Bending Moment / (Let k= = El )

M = FElIx = —FEIuw"

’w” + k2w = —k2e‘

General Solution

w = wy + Wwp

wy = Cysinkx + Cy cos kx

wp = —e

So w(x) = Cysinkx + Cycoskx — e

BC’s
w(0) =0: C1(0)+C2(1) —e=0—Car=e¢
(L) =0: Cysin(kL) +ecos(kL) —e=0— C; =

e(1 — cos(kL))
sin(kL)

L
Cy = etan(%)

w



Structural Mechanics 2.080 Recitation 8

Semester Yr

kL
So|w(x)=e <tan <2> sin(kz) + cos(kz) — 1>
(Note: This is a bending problem thus far, valid for any P.)
Max. deflection (w,) is at x = L/2: tanxsinz + cosx
W, = € tank—Lsink—L+c0sk—L—1 sin® z cosx
o 2 2 2 = + cosx
cos x cos T
kL sin x 4 cos® x
fwoze(sec—l) =
2 cos x
1
= = secx
COS T
2 El
Now introduce the buckling load without eccentricity: P, = Iz
e P _L [P 1
- EI 2 2VEI 2
kL
5 =

T | P
So wozelsec (2 Pc) —1]
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Example: Column on an elastic foundation

P———?» > —
SREERSERE

N w \

F &= —AAASNT— = F = kw

F |

-" 1 1
T Work = /Fdw — _Fw = ~kuw?
il 22
w

L 1 \2 1 1 2
U= —FEI(w")* + =Pe+ —kw* | dz
o \2 2 2

/ T N
bending axial spring
compression foundation

I =U - Pu,
Apply Trefftz condition: 6211 = 0

I =EI fOL sw"sw"dx + k fOL Swowdx — PfOL dw'dw'dz =0
P fOL EI(sw")?dz + k fOL((Sw)2da:
< fOL((Sw’)zde‘

L L
EI (D/lq)lld + k q)(bd
Rayleigh-Ritz quotient: | P, = s 0 z fo x

[Y @'dda
For pin-pin column, assume . nmx
¢ = sin —
L
nm nmwr
&' = — cos —
L L
nm 2 nmwr
o = <—) sin —
L L
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L 4 L
EI/ (@) sin? @dl' + k:/ sin® @dx
P 0 L L 0 L
Cr L 2
/ (mr) cos nTL do
0 L L

4
B EI (7> + k <b /L o N7 B /L ) ’I’L7TI>
= -3 ecause SIin” —— = COS™ ——
0 0

Find Pcr,min: (Let T = (nﬂ—)2)

A
dP,, k
=El—— =0
dz 2
xz_iéx_(njf_ nx
- EI \r/) VL

[k k
SOPcr,min:EI ﬁ‘i‘ik:\/m—f—VE]—k: Qm

ET
Independent of L!

(Y =a =t (m)

Y7771
Assume h x h cross-section, L/h = 30: i A
o
T =h
A

Find k., such that n = 1:

1/4
1_£ k /_5(12)1/4 k 1/4N06£ AN
G E% h o7 E T R \FE
1 1

8-4



Structural Mechanics 2.080 Recitation 8 Semester Yr

k < ke

iiii?“?‘f}“‘ii‘%ff{

k> ke
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