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In practical engineering, there are debates in several cases where the buckling shape and mode
would not be clear. In such a case, the minimum stiffness of one element can be determined,
and the buckling mode can be understood based on that.

In the figure, a cantilever beam with the bending rigidity of El is subjected to a compressive
load, p. The beam's free end is supported by a translational spring with the constant of c.

Determine the critical value of spring coefficient ¢ so that the buckling shape of the
compressive element would change from the free end to a supported one.

A
3
3 El

& Shah.fi

A\ /4




Q:A-S"“I\’ﬁ .q.&.CtSA‘)k + f{

N < g_ E R
N e \ Ex

Y Ah cohmo g ASAm o R

NV EX
j(-):v —> o _ 2 +g— R L [
j/('):" '\LEI
3(\'):g >O:A-L - ﬂ

MET
/1§/~AL+/5cost+K__L+g_E_L
Palee Ae

Rcoc- £_> — 5

G

& Shah.fi

£

s




(

A ex
AS:‘AL*BCWXL-"&%\L — KXL = e
Ne N €

A ¢« ( 8 . C é._ _E__) R _.
MVELZ

VA s

Sll"}L /4 +C¢SAL 13 ire - P\ —1

4
<

>"__
~
(l

- (O - AL)+( 1= )<>..cgsu_o.uu):c

A\ ETZ
5,’»)L ACeshl AL skt , il
‘ : : R EL LY Sk A cesdL
AZE C — T 1 | =" =) 42
. A el e a" -

é& Shah fi




D 511 @

?f‘“)L—AL C‘S'\L- — A CeSAL

3
:—>(AL-C~S/“.-—S""AL= E('_r.)'CeSALB‘TQrS(\L

E1-X" =
T 3 3 2 > kn IR
_ EX 4L )= L = Vel
AL -G AL o < AL3 € k;:.'mq =

3
Mot AL BL AL o

cl

L’ M)b
C ( @
Ex ,\L-&(/\L)

5 }L:° —%l\=~ —6‘):‘-

|-f C=e %‘L <_P ®_> C=- o
(ED % )\\.—tw-a ()\L):t o
&L _
> ntex toa (Bl)= = A=
s = 2 !
41 3 Z
—3 l\: & = ) = it — ‘> RZ
2C > oz - —e — 3
()F C =o° y P
R -
« (El)ﬁé; @_,c=oo_—_> ALt ALz =\
(———L —_—>
Lc ‘°'7L 2 2 é T
FF — p_ R ET ner 3 Aly:=2
€ 2= 2 af
(o.2L) o.49 L E Al,—tan (M,) =0
g
§. Find (\l,) =4.493
/\L: “[-‘tq} = A 4993 _ )(L; L)~/’Ic\32’_ PC—, 20 IsF €©XF n
L L= €T - L?' . \T—L
Z 2
€T ez ’
Fé_ T L [ 4 N EZ .
2 . 2~ (o)
U i W =
2187 (e20)

& Shah.fi




NI
N
(C’L'/ = L
2
po- K €I
“ 7T
3 3
cl n
EL n-talt
=
A
(1@ b’
el
LA
ams Shah.fi

A\ /4

I
¥~
y .
r N
POr AL rlz
EL o L?
2
T
AL
®




D 511 @

Design properties of hot finished Circular Hollow Section (CHS) for $355 steel class (ymp =

cH 5 \ég 3/l o Profile dimensions Area properties
Second
Ext. wall ¢ External Shear
. : Weight : Area moment
Profile Drawing Dlargeter th|r.|:ness m perln;eter A a of area
kg/f 3 v I
mm oy | CEM gy I |
CHS 168.3/10 dxf 168.3 10.0 39.0 0.529 4973 3166
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