L1l HRANKINE'S FOHMULA

In Art. 19.10, we bave beartit that Euler's formula gives correct results only for very long
columns. But whal happens wlen the column is a sherd or the column is nst a very long. On
the basis of resulta of experiments performed by Ranking, he established 2o empirical formaula
which is applicable to all columns whether they are shoet or loag. The empirical formula given
by Rankine i= known &= Rankine's foemuola, which is glven as
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T o P = Crppling losd by Eankines formila

P = Crushing boad = 0, % A
o, = TIimate crashing skhress
A = Area of erose-section
£, = Crippling load by Euler's formula
2
- ’_jL?f_,inwhth_'Emmm lenggth
For a given oolumn material the crushing etreas o, ia a constant. Henes the crushing
baad P, (which is equal to 0, = A) will also be constant far & given aross-sectional area of the
colummn. In equation it} Pe is constant and heooe valwe of P depends npon the valie of ¥y, But
for a given column material and given crass.sectional area, the velue of Py depends upon the
edfective length of the solwan,
i1} If the column iz o sbort, which means the value of L, is small, then the value of

P, will be large. Hance I',hg.trn'lunufp—::: will be smal] enough and is negligible as eompared to

i 1
- the valhee of .F'i . Meglecting the value of E in equatinm (i), we get
C

1 1
F —* P.: or .F' F_,:.
Hence the crippling load by Rankine's formaula for o short column s approximazely aqual
to prushing load. In Art. 1921 also we have seen that short columns fail das te crushing.

(ifh B the calima {3 long, which means the value of L, is large. Then the value of Fg will

L 1
ha small and the velus of PJ,'— will be large encugh compared with E - Henes [-l'LE"'u'El'ﬂ-BﬁfF:
E
may be peglected in eguation (£
1 L
F - PE or F _-'PE"

Henee the erippling load by Rankine’s formula for long columns is approxcimately equal
1o crippling boad gisven by Euler’s formula.

B Hence the Rankine's Farmuls % - Pi + FL gives satiafaotory results for all lengths of
fa x
_ eclumng, ranging from short e long calumns.
1 1 F.s F
Mow the Rankine formuola is — Lo iETCE

F PR TP F.Pg
Taking reciprocal to both sides, we have
pofofe R
Py =Py 1,50
Fi
(Drviding the numerator and densmipator by Fgh
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But I = AY where b = least radius of gyration
The above equaticn betoames as

P _+:r,A . a, . A
a, AT &y 5]’
'* FE Ak l*,‘E'[#
i, - A
T (19,9

where a = ;?E and is known ag Rankine's constant.

The equation (19.8) glves erippling load by Rankine's formula. As I;I'H:_I"l'-n:l'i.l'l:i.l:l.bﬂtlml.lll
is empirical formula, the value of 'a’ i3 taken from the reaulis of the experirents and I8 not
ealculated from the valwes of o, and B

The valaes of o and @ for different columng material are given below in Table 19.2.

TAELE 19.2 _
g Mo |  Matsrint g, in Mimm? ;o |
1. Wraaght tran ) 250 E:T}
2 CattTrn 650 i
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Problem 19,13, The .a:n:lnm-u:.i.' and ieternal digmetsr of @ hollow cast rok palemn ore
5 e ond 4 om respectively, IF the fengeh of this colimre (& 3 m and hﬂlhﬂfiﬂtﬂdlm{ﬁmi..
determine the srippling lond asing Ronkine's formule, Take the values of &, = 550 N/ and

! —
El?ﬁ -!.l:l.ﬂdl'ﬂhl.l':li.‘.l‘.l’l:lf'l"ll-l-ﬁil.'-'-

ol Given

External din., I} =5 om

Internal dia.,, o =4 cm
Brea, A*E-:ﬁ*-#::ﬂ.ﬁnm*:mﬁnm=mi-m5:mmi

Moment of Inertia, = i [64 - 44] = 5.7656 & cm#

= 57666 = 10¢ mm®* = 67666= mmt
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~. Loast. radias of gyration,

§ STRAER
.#_E-.ﬂ e = #5,625 mm

Length of colamn, [ = 3 m = 300} mm
A= both the ends are fixved,

'
. Bffective length, L, = 5 = HT:'

Crushing stresa, o, = 560 N/mm®
Bankine's constant, a = .

= 1560 s

1600
Let P = Crippling load by Rankine's frmula
Dsing eqaation {1995, wa hava
P @A iy w E2hm
= ] ]
(5] )
& 1600 | 25625
G50 0w 2085x
“gias TN Ans

Problem 1914, A kedlow oplindrical cosé iron columa is 4 m long with both ends fioed,
Daterming tha minimum dicgmeter of the colirma i i has fo varry o safe load of 250 BN with =
Factor of safity of &6, Take the (nfernal diameader ax 0.8 Hmes the exiernal diometer, Toke
0, = 550 N/ mm® and o = ﬁ in Rankine's formula, (AMIE, Winter 1953}

Sal. Given :

T.ﬂh,g'ﬂ'h af enfivmn, f = d s A0 e

End conditions = Both ends fised

Effective length, L_= %- 5 & 2000 mm
Eabe load, = 250 kN
Factor of safedy, =B
Lt Extornal din., =i}
Internnl dia, = 0.6 = I}
Crushing stroess, a_= 550 Nimm?
1
Valua of ' = 7500 in Rankine's formula
Cirippling load Cirippling load
k] fa = -
o Fantor ef aufaty Bafelond . " © 50
Crippling load,  P=§ = 260 = 1260 kN = 1250000 N
Area of eolumn, - E [ — (L R0

'f (D% — 06407 = E « 0.BED7 = 5 x 0,080

Momwnt of Inertiz, [= % LD — (0&D4] = é LE¥ - 0409604
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% « (L5604 = [ = (00DERS « @ x [

Bk = A » &2, whore & 18 radius of pyration

4
“E Jﬂmgmﬂm P

o ow 008 = 2
Mew wsing equation (19,9, = I:F'—IA,_
1+u{-&]
&
EA0 = EI:H]E.DE
ar 1250000 = — !" - (v A= 0.00D%)
1+ ]E-l]'[l ﬂﬂ-’Eﬂ
1250000 n 0¥« D?
S60x x w09 = Eﬁﬁ wr BISE= D% 4+ 24414

oF wqmmHmu-ﬂ*mﬂi—EﬂﬂW—mxﬂuu-u
ar DR — B0%E D2 - 1GZI9T00 = 0,

The above equations is a gquadeatic eguation in 07 The salation is
o= Hﬂﬂﬂt.‘r&{ﬁég-rdxlxi_ﬂﬁ:ﬂ'?m

B s

_ B038 o JGI60 + THADGEEDD _ BOZE « 20147

3 -z
aian Eﬂ'l-ﬂ'
= +2 CThe other reot s not posaible}
= 13542.6 mm*

o Brternal diamefer = 1363 mm. Ans.
Internal diamaeter =08 x 1463 = 109 mm. Ans.
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Problem 1818 A hallow cast iron column 200 mm outside diometer and TEF mm in-
“de diamaeter, 8 m long has both enda fized. It is subjected fo en wxial compressive lood. Taking

i .
 factor of safety as 8, o_ = 560 Nimmd, a = = | defermine tha 2ol Raakine Laod.

jaon "
(AMIE, Summer 1880)

Sol. Glven -
External dia., L = 300 mm
Internal dia,, o = 16} mm
Langth, [ = & m = 8000 mm
End conditions = Both the ends ars fiked
Crushing stress, o, = 560 Mimm?

Hankine's constant, & =

164040
Safety factor = G
Area ol cross-gection, A = E {DP =~ d%) = E C200 - 1640%)
u E (400400 — 22500} = 13744 mm®
S Ao g i
Moment of inertin, f= 54 (I — gt = e (B00Y - 150
.% {1B0M00000 — BIEZE0000) = GAEIB0H0 mm!
Least radius of gyration, & = E = ﬂlﬂ-‘?T = 2.5 mm
Lt P = Crippling load by Rankine formaula.
A
U=ing aquation (19.9), F= —ﬂ‘j'F
e [ﬂ
vhere L= Effective length = % = " £000 mm
po 58018740
1+ - 1-:.[ ]Ii
(L] G325
THOESA0 TEGEA0 B
={ro58 ~ E.Er'i = 2161577 W = 2161977 kN
Crippling load 2161877
o Bafe lagd = Factor of saf = 3 -Eﬂﬂ.ﬂﬂ'ﬂﬁ-f:.?ﬂ'. H.I.'I.'i.
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