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Long, Short2 and Intermediate

Columns

m The strength of a column and the
manner in which it fails are greatly
dependent on its effective length.

m A very short stocky steel column may
be loaded until it reaches it yield point,
and perhaps the strain hardening range.

m In essence, it can support about the
same load in compression that it can in
tension.
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__Long, Short, and Intermediate

Columns

m As the effective length of a column
increases, its buckling stress will
decrease.

m The steel column is said to fail
elastically if the buckling stress is less
than the proportional limit of steel when
the effective length exceeds a certain
value.
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g Long, Short, and Intermediate

Columns

m Long Columns

— Long columns usually fails elastically.

— The Euler formula predicts very well the
strength of long columns where the axial
compressive buckling stress remains
below the proportional limit.
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Long, Shortg and Intermediate
Columns

m Short Columns

— The failure stress equals to the yield stress
for short columns.

— For a column to fall into this class, it would

have to be so short as to have no practical
application.
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Long, Short2 and Intermediate
Columns

m Intermediate Columns

— For intermediate columns some of the

fibers will reach the yield stress and some
will not.

— The member will fail by both yielding and

buckling, and their behavior is said to be
inelastic.

— Most columns fall into this range.
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Column Formulas o

m The Euler formula is used by the AISC
LRFD Specification for long columns
with elastic buckling.

m Other empirical (based on testing)
equations are used by the LRFD for
short and intermediate columns.

m With these equations, a critical or
buckling stress F, is determined for a
compression element.

)
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Column Formulas
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m LRFD General Design Equation for
Columns

The design strength of a compression
member is determined as follows:

P =AF

g cr

. (1)
¢.P, <0,4,F, with¢ =0.85
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< Column Formulas

m LRFD Ceritical Buckling Stress

Two equations are provided by the LRFD
for the critical buckling stress F:

(0.658)*F,  ford, <15
F, = )
[0'8277JF fork >1.5
2 ) :
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Column Formulas s
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m LRFD Ceritical Buckling Stress
The limiting A, value is given by

Fy
ke =\/;e 3)

n’E
(KL/r)

_|F(&L/r) _KL\/E
- n’E m\VE (4)

Where F, = Euler buckling stress =
Hence,
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Column Formulas o

m LRFD Ceritical Buckling Stress

So the limiting A, value to be used in Eq. 2
is given by

F F
xc:/y:KL/y (5)
F, m\VE

where

F, =yield strength of material (steel)

F,= Euler critical buckling stress
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m LRFD Ceritical Buckling Stress

— For inelastic flexural buckling, Eqg. 2 can be
used to compute the critical buckling stress
F..when A, <1.5.

— For elastic flexural buckling, Eq. 2 can be
used to compute the critical buckling stress
F. when A, > 1.5.

— Eq. 2 include the estimated effects of
residual stresses and initial out-of-
straightness of the members.

— Eq. 2 is presented graphically in Fig. 1.
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Column Formulas

Figure 1. LRFD Critical Buckling Stress

Short

) Intermediate
CO umI\lL column | Long column
T T

/ Inelastic buckling
o_F

cocr

. xc =15 Elastic buckling
(Euler Formula)
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Column Formulas
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m LRFD Ceritical Buckling Stress

— To facilitate the design process, the LRFD
Manual provides computed values @. F.,
values for steels with £, = 36 ksi and 50 ksi
for KL/r from 1 to 200 and has shown the
results in Tables 3.36 and 3.50 of the
LRFD Specification located in Part 16 of
the Manual.

— Also, there is Table 4 of the LRFD
Specification from which the user may
obtain values for steel with any F, values.
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Column Formulas o

m LRFD Manual Design Tables (P. 16.1-143)
TABLE 3-36
Design Stress for Compression Members of
36 ksi Specified Yield Stress Steel, ¢. = 0.85"

0 oF. | K oF, | K oF, ‘ K oF, | K 4R
r Ksi r ksi r kgi | E ksi | r kel
1 306 41 &0 Hi 21.7 | 121 14 2 -5 B23
2 a0e 42 arg g2 21.5 122 140 162 B.13
3 0.6 43 Z7 .8 a3 21.3 123 138 163 B3
4 d0.8 adq 278 84 21.1 ‘ 124 138 ‘ 164 7.83
§ 308 &5 T8 83 209 | 125 i34 185 FE4
& q0.5 ag 274 a5 a7 | 128 133 166 774
; a7 er.2 a7 20,5 127 131 167 7 B2
| 48 e | a3 204 128 129 168 ¥ 58
2] a3 | A3 /0.2 129 127 169 747
' S0 264 90 2040 130 126 173 e . |
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m LRFD Manual Design Tables (P. 16.1-145)
TABLE 3-50
Design Stress for Compression Members of
50 ksi Specified Yield Stress Steel, o, = 0.85"
ksl | r ki r ksi r ksl | r ks |
425 | 41 a7 .8 81 ZE.: =21 146 16 8.23
425 | 42 3r4 | a2 28,0 122 14 3 {62 813
425 43 ara | 83 257 123 141 163 a03a
425 44 3689 A4 254 124 1389 164 r.2d
424 45 3.7 as 2581 | 1pe 18.7 165 7 R4
424 48 36.4 85 24.8 126 134 168 F.ra
42.4 a7 362 a7 24.4 127 132 167 TES
4.3 <3 sxe 83 24,1 126 13.0 1638 Eit=1+1
42.3 &g 357 a3 238 | 1&g i28 169 ra7
22 | &0 354 90 235 | 130 126 70 Fam
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Column Formulas o

. .
m LRFD Manual Design Tables (P. 4-25)
Kl Tahle 4-2 {cont.). L
b4 E g Vi-Shapes
Dasign Strength in Axial
Compression, 4., kips
H— [ —x
| . —— ]
h'ne Was
'L [T1es | e | ™ 72 i-:s;h [ sa 53 A | an
| 1] o [ 1323 [ :':f".{" 1080 ERR BaY =2 | TE 67 621 557__:'.-5-
K {180 | 10s0 | a7 B3 e | e B2 55 504 | 450
o : 1140 | WX g3 248 TET | E8E a1n w43
| { 240 1130 | e B Hid it} s i 521 A35E
I 1160 b | o a8 s (8] a7 | 4E
i o Vi (faiin} B =[] 800 Ti3 a1l & aTe
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i~ Maximum Slenderness Ratios

... S e . [ e | I |

m Compression members preferably
should be designed with

e <200 (6)

r

as specified in Section B7 of the LRFD
Manual.

Note that LRFD Tables 3.36 and 3.50 give a value of 5.33 ksi for

the design stress @, F',, when KL/r = 200. If KL/r > 200, it is
then necessary to substitute into the column formulas to get the
the stress.
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Maximum Slenderness Ratios

m More Simplification by the LRFD
Manual for Design

— Itis to be noted that the LRFD Manual in
its Part 4 has further simplified the
calculations required by computing the
column design strength ¢. F, 4, for each of
the shapes normally used as columns for
commonly used effective lengths or KL
values.

— These were determined with respect to the
least radius of gyration for each section.
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= Example Problems
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m Example 1

a. Using the column design stress values
shown in Table 3.50, part 16 of the LRFD
manual, determine the design strength, ¢. P,
of the F, = 50 ksi axially loaded column
shown in the figure.

b. Repeat the problem using the column tables
of part 4 of the Manual.

c. Check local buckling for the section selected
using the appropriate values from Table 5.2.

10
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Example Problems

m Example 1 (cont'd) l])u <¢.F,

&y

15 ft /”W12X72

V24

£ =91,

Q‘_"
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m Example 1 (cont’d)

a. The properties of the W12 x 72 are
obtained from the LRFD Manual as

A=21.1in* 7, =53lin r, =3.04in
d=123in b, =12.00in t, =0.670in
k=127in  1,=0.430in

K =0.80 from Table 1 (Table 5.1, Text)
Since (ry =3.04 in)< (r.=5.31in), r, controls
and
KL 0.80(12x15)
o 3.04

y

=47.37

———
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Example Problems

m Example 1 (cont’d)
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T

thy (e
t

Boekledshape of wolumn
is shivwn by dashed lme

—b-@—a"'—_"zﬁﬁq—
_._§_.’
g

Uheoratieal & valee 3 a7 ] Ly 20 24
Rernmmended design
varlue when ideal 055 12 Ll 210 mn
sanditions ure
approximated

Y Rotation fixed and trandation fiaed
' Roution free wnd crynstation fixed
andiitian code S Rolatior fxed ind transhation [ree

1 Reatation: free and transkation free

Somrcer Lowd wnd Arvusance Ficsir Dsiyu Speeifigation fur Soeisiu el .
P g predficatian fi el Bndldings, Decomer 27, 1o
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g Example Problems
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47.37

=, . [ e | I |

m Example 1 (cont’d)

For KL/r = 47 and 48, Table 3-50 of the
LRFD Manual, Page 16.1-145, gives
respectively the following values for ¢. F’
36.2 ksi and 35.9 ksi.

Using interpolation,

48

202 -36.2 _47.37-47
o, F, = O.F, = ¢,F, =36.09 ksi
359 359- 362 48-47

———
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Example Problems

m Example 1 (cont’d)

TABLE 3-50 P. 16.1-145

Design Stress for Compression Members of
50 ksi Specified Yield Stress Steel, 6. = 0.85"

bR Ki beFar Kl bF ey Ki e For 1 K ;:,r:,.__
ksl | (A ki r _ksi r kei | r ksi |
425 | 41 378 Bl 5B 121 146 167 Bz3
125 4z 374 | B2 28,0 43 | 162 813
2.5 | a3 7.1 a3 a5 7 Lo 1.1 163 a0
42,5 44 389 A4 5.4 24 130 164 F a4
424 45 347 85 2871 | 128 1@y | 1B5 784
42 a8 36.4 a5 24.8 126 13.4 164 774
42,4 a7 362 a7 244 | 127 13z 167 765
42.3 48 359 L] 241 | 128 13.0 163 TEB
423 0 5T as 238 ) 128 16 747
422 | &3 354 a0 233 | 130 o S )+ |
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m Example 1 (cont’d)
Therefore,

¢0.P, =¢.F, 4, =36.09(21.1)=761.5k

b. Entering column tables Part 4 of the
LRFD Manual with K|, L, in feet:

K L, =0.80(15)=12ft
P, =¢,P, =761k

13



%% CHAPTER 5d. INTRODUCTION TO AXIALLY LOADED COMPRESSION MEMBERS _Slide No. 26

Example Problems
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m Example 1 (cont'd)
l Tleddlot) P 425 _°

Design Strength in Axial
Compression, ¢-5, kips

| - AE syt
! W3
e | oo i : _
L we | 8 7 | T 7z | st | sa 5 an s | a1
K = 31 | 1 1080 | 86 > @ | 1 B3 62 5 a
L 118 105 B Ba* [t i 450
TS0 1140 ¢3¢ xk] 248 TET £ B0 S 43F
B i1 1 1 H4 d i SE
(R LHE] Tad e ol a8 T £l 577 a7

|1} 1l (12} G 200 T3 @ 1 £ X
oo 116 1380 &50 BE0 781 b | 430 LEL] 448 | ELE] 54
) 1 | o a3 kL] BET 3E8 £y 418 ata e
W ‘1 o EELS Ehi | Dk TdC BeR 545 408 Y SLE] Ml
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m Example 1 (cont’d)

c. Checking W12x 72 for compactness:
For ﬂan See Table 2

%— 12.0 896’056,/29“0 —1349 OK

For web, noting h=d —2k=12.3 -2 (1.27)=9.76 in

h_976 7, 1.49 29X10 -3588 OK
t 0430 \/

See Table 3
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i~ Example Problems

m Table 2. Limiting Width-Thickness Ratios for
Compression Elements

1

‘ Widch Thickness Limiting Width-Thickness Ratios

Descriplien of Elemenl Ralio A, {campact) | A, [noncompact)

Fanges of Fshiged solled it 038V, [E] DENEN (el

heams and cheaanels in

Mexure

Flanges of l-shapad hybrid bt D38V ENF, 095V ENF k) [e]. 0]

of wilded beams in flexure

Flanges projecting {rom b NA © DENER k) 1M

buili-up compression me mhe s

Flangus of Lshiaped seetions i i MA
Pure compresson, plales
;m!_'.c(li I]; from com FI’E!!IUT‘
clements; outslanding kgs ol
pairs of angles in eonrinmous
conluzl; langes of channels in
[T Con rlrESﬁ‘.iBﬂ

Unstilfened Elemants

lees of single angle simis I NA DAV EE,
legs of deuble angle struis
wilh sg re, unstiffened
elements, L2, supported aloag
e edge

Stems ol tees i NA DISVEIF,
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«° Example Problems

m Table 3. (contd) Limiting Width-Thickness |
Ratios for Compression Elements

| Websin cumbined flexural ‘ hit, [fm' g P o= 0125 el a] [1]
ard pxial compression
[Ef, _ 2358
g e —| — L
..-m-\l f‘..t‘_ o J - " \'I
—_— ST i [ % |
| " wly
3 far P, = 00125 [c)e) A "
=}
£
r— I P- )
2 112 .'E[ 233 = J
| A &P,
el -
51 E
5 = 149,
3] VB
A1 Al other uniformly bt MA
compressed stiffened Wit
elements, i.c., supported
along two edpes | i
Circular hollow seclions ] 1d] )
i NA QUIESF,
In exial compression HIE!
In Mexure I EF 3|

15
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Example Problems

m Example 2

Determine the design strength ¢, P, of the
axially loaded column shown in the figure if
KL =19 ft and 50 ksi steel is used.

1
/— PL5X20

MC18x42.7 L ]

—— r

[4=12.6in*,d =18.0in, <—12in
I, =554in4,1y =143in",
x =0.877 in from back of C]

K=<

18.50in
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Example Problems
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m Example 2 (cont'd)
A= 20@) +2(12.6)=35.2in’

(0.5%20)0.25)+(2x12.6)9.5)
35.2

y from top = =6.87in

3
1,=2(143 +2[1266+0877 ]+ 12) —1554in*
=\/7 1/168 —6.92in

35.2
=1/—y= 1554 _ ¢ 64in «—— Controls
4 352

——
ENCE 355 ©Assakkaf

3
I, =2(554)+ 2[12.6(9.25—6.69)2]+20(1L2'5)+10(6.69—0.25)2 =1,688in"

16
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Example Problems

m Example 2 (cont'd)

KL KL _(12x19)
ror 664

y

For KL/r = 34 and 35, Table 3-50 of the
LRFD Manual, Page 16.1-145, gives

respectively the following values for @QF.,:
39.1 ksi and 38.9 ksi

=34.34

ool ~39.1 34.34-34

3434 ¢.F, _ 0:F, =391 _34.34- = F, =39.03ksi
T 389-39.1  35-34

35 389

Therefore, the design strength=@. P, = @. 4, F,
=39.03 (35.2)=1374k
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Example Problems
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m Example 3

a. Using Table 3.50 of Part 16 of the LRFD
Manual, determine the design strength ¢. P,
of the 50 ksi axially loaded W14 x 90 shown
in the figure. Because of its considerable
length, this column is braced perpendicular
to its weak axis at the points shown in the
figure. These connections are assumed to
permit rotation of the member in a plane
parallel to the plane of the flanges. At the
same time, however, they are assumed to
prevent translation or sideway and twisting

———
ENCE 355 ©Assakkaf
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Example Problems

m Example 3 (cont'd) l¢an
of the cross section % B
about a longitudinal
axis passing through 10ft
the shear center of M
the cross section. Se‘;‘;rzlif;ﬁfo"; A on 2t
— Repeat part (a) using \%ﬁ L
the column tables of
Part 4 of the LRFD 121t
Manual. /WZW
Wi4x90 |

g
{:5‘

. _ CHAPTER 5d. INTRODUCTION TO AXIALLY LOADED COMPRESSION MEMBERS _Slide No. 35
fi
o

Example Problems

[ =, e . [ e | I

e

Wit
f=s

————
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m Example 3 NI
(cont’d)
— Note that the 7 ‘ >
column is braced A o ||ion%
) y- N
perpendicular to N
its weak y axis as
shown. o ||I10f
N Bracing
R

/ g
Widxoo U \
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Example Problems

m Example 3 (cont’d)

a. The following properties of the W14 x 90
can be obtained from the LRFD Manual as

A=26.5in? r.=6.14in r,=3.70in
Determination of effective lengths:

K L =(0.8)(32)=25.6ft
K,L = (1.0)10)=10 ft €¢— Governs for KL,

K.L =(0.8)12)=9.6ft

See Table for the K values

Slide No. 37
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m Example 3 (cont'd)
Buckled shape of column ) ) & ) i o
iy shown by dashed line j t 4 ; t } j }
3 = F i
Table 1 S o S M (A
| A / ! G !
i Ir"l' | !
| 4 ! '
! B . e
t FoF ! t 4
Vheoratical K value @3 07 m Ly 0 i
Remmmendrd design @ @
vardue when ideal L 1:2 210 n
canditions ure
approximated
Y Rotation fivged and trandation fiaed
N ¥ Ratation freewnd cranstation fized
Fnd condition code o= Rutatior fxed ind teanslativn [rew

1 Beatation: free and ranskation fee

Somrce: Lowl wrd Hevvance Fictir Mg Speeifieatian i Sl i 4 3,
psbiapeartiy e Sprelficatia fi el Binildings, Oecourher 27, 190

——
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Example Problems -

m Example 3 (cont’'d)
Computations of slenderness ratios:

KL 12x25.6

i =50.03 €= Governs
r). 614

(ﬁj 20543
r), 3.70

Design Strength:

KL _ 50.03 = 50, Table 3-50 gives ¢ F,, =35.4ksi

r
~d.P, =0,F A, =354(26.5)=938k

¢t artig
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Example Problems
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m Example 3 (cont’d)
b. Using columns tables of Part 4 of LRFD
Manual:
Note: from part (a) solution, there are two
different KL values:
K.L =25.6ft and K L =101t

Which value would control? This can
accomplished as follows:

K L : K L
= = Equivalent ——=
r 7,

———
ENCE 355 ©Assakkaf
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Example Problems

m Example 3 (cont’d)

KL, KL,

X X

EquivalentK L =r, y
r r.lr,

X

The controlling X, L, for use in the tables is larger
of the real K, L, = 10 ft, or equivalent K, L,

I for W14 x90 from bottom of column tables =1.66
r

v

EquivalentK L, = % =1543>K L, =101t

For KL, =15.42 and by interpolation :
¢o.P, =938k

cn
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~~ Example Problems
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m Example 3 (cont’'d)

The Interpolation Process:

* For K, L, =15 ft and 16 ft, column table (P. 4-
23) of Par 4 of the LRFD Manual, gives
respectively the following values for @, P,: 947 k
and 925 k. Therefore, by interpolation:

P P,—947 15.42-15

15.42 ¢CPH:>¢""_ =" "¢, P, =938k
925-947 1615

16 925

21



