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Steel Column Analysis

* Failure Modes
 Effects of Slenderness
» Stress Analysis of Steel Columns
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Leonhard Euler (1707 — 1783)

Euler Buckling (elastic buckling)

b T2 AE B m?IE r=
r >
[ = Ar

— A =_Cross sectional area (in?)

—  E = Modulus of elasticity of the material (Ib/in2)

— K= Stiffness (curvature mode) factor
— L =Column length between pinned ends (in.)
— r=radius of gyration (in.)
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Analysis of Steel Columns

Conditions of an Ideal Column

initially straight -

axially loaded —

uniform stress (no residual stress)
‘uniform material(no holes)

no transverse load

pinned (or defined) end conditions

~. s

4o T
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Analysis of Steel Columns

F3-1
Sthoe. T

AISC Equatjor
e é;: )
Yieeo —(inelastic budkling

Point of tangency of curves

AISC Equatiog E3-3
In Tllkuu,4 n / (clastic buck]ing::

£3-3
Short columns
Fail by material crushing
Plastic behavior

F,, flexural buckling stress

|

i Lope
. l
Intermediate columns '\

Transition AL between equations

CrUSh partla”y and then buckle (134 for F; = 36 ksi, 113 for F, = 50 ksi, etc.)
Inelastic behavior
Local buckling — flange or web slenderness =~
Flexural torsional buckling - twisting r
< >

short intermediate  long

Long columns
Fail in Euler buckling
Elastic behavior
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Failure Modes

Column 1: Strong axis flexural buckling

Column 2: Web local buckling

Column 3: Weak axis flexural buckling « . ”
Column 4: Torsional buckling Dancing Columns
Column 5: Flange local buckling Sherif El-Tawil
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Analysis of Steel Columns

% %

Point of

Estimate of inflection (Typ.)
effective length factor, K T
KL=1L =05L L
R \ Y S
\ \ 7.
\ \ K=10 K =050
\ |
L | |
1 | \
| Lateral |
| deflection !
—\:>_B ; <=——==—=7"!  Column s in this position % B
| |~ after sidesway and joint B
| | rotation \\
: | |
L | / — I<—Lateral L
| / | deflection
! /
/ / /’
X Ja / A B
7 727 77

Slide 6 of 20

University of Michigan, TCAUP Structures ||




Analysis of Steel Columns

Estimate of K:

TABLE C-A-7.1
Approximate Values of Effective
Length Factor, K

(a) (b) (c) (d) (e) ®
7, o 9 77/
“o | 4 7P| ] 7
! / |
/ ! / 3 / I
/ ! ! \ / |
/ / 4 ; / !
Buckled shape of 1 [ /l “ // /
column is shown by | | / | / /
dashed line | \ / | ] !
A \ / 1 I /
\ % / i I /
\ \ i ] i /
\ \ / / /
\ / /
_Theoretical K value 0.5 0.7 1.0 1.0 2.0 20
Recommended design
> value when ideal™ "
— # | conditions are 065 0.80 1.2 1.0 21 20
approximated
“444 Rotation fixed and translation fixed
? Rotation free and translation fixed
End condition code
@ Rotation fixed and translation free
7 Rotation free and translation free
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Determining K factors

Sidesway inhibited

by Alignment Charts

Sidesway Inhibited:
Braced frame
1.0>K>0.5

Sidesway Uninhibited:
Un-braced frame
unstable >K > 1.0

More Pinned:

If Ic/Lc is large

and Ig/Lgis small

The connection is more pinned

More Fixed:

If Ic/Lc is small
and Ig/Lgis large
The connection is more fixed

University of Michigan, TCAUP
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P
Fig. C-A-7.1. Alignment chart—sidesway inhibited (braced frame).
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G=— L Jcolumn —
_
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—
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Determining K factors
by Alignment Charts

Sidesway Inhibited:
Braced frame
1.0>K>0.5

Sidesway Uninhibited:
Un-braced frame
unstable >K > 1.0

More Pinned:

If Ic/Lcis large

and Ig/Lgis small

The connection is more pinned

More Fixed:

If Ic/Lc is small

and Ig/Lgis large

The connection is more fixed
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Sidesway uninhibited

G, ’p Gg
w ==200 —eo
1000 =100 1000
50.0 —f =50.0
30.0— ——5.0 —30.0 )
20,0 e 7 -20.0 Aﬁ
10.0— ——3.0 —10.0 ‘ 65
8.0 T —8.0
7.0 -+ 70 Ak
6.0— 4 6.0 b1 _19%4/A b2 -
5.0 4 5.0 4" Oa
4.0— 190 —4.0 c2
] T N 0 g
3.0 I 3.0 — =/B ¢
i 1 L 05 b3 /o b4
20— + 2.0 c3
i —1-15 B 04
1.0— - —1.0 LA‘J
g - P
0.0— —L10 0.0
Fig. C-A-7.2. Alignment chart—sidesway uninhibited (moment frame).
Z (E 1 )
G= L/ column
Z (E 1 )
L/peam
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Analysis of Steel Columns - LRFD

Euler equation:
mE
@y
v

Short & Intermediate Columns:

F, =|0.658|F,

RepucTlor (Acreq

Equation E3-2

Long Columns:
F., = 0877F,

Equation E3-3

University of Michigan, TCAUP

__—~ AISC Equation E3-2
i inelastic buckling)

Point of tangency of curves

AISC Equation E3-3
(elastic buckling)

ranfition XL between equations
I
for F, = 36 ksi, 113 for F,, = 50 ksi, etc.)

4.71\/%j

P, = F,A,
Cban - d)chrAg
(¢, = 0.90)

Transition
Slenderness
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Analysis of Steel Columns
pass / fail by LRFD

Data:
* Column - size, length -

*  Support conditions

* Material properties — Ify_

 Factored load - P,

Required:
- P,=0P,(pass)

1. Calculate slenderness ratios: L/r, and L /r, (L, = KL)

The largest ratio governs.

Check slenderness ratio against upper limit of 200 (recommended)

Calculate transition slenderness 4.71,/E /Fy

and determine column type (short or lon F,

F. =] 00658 |F, Short

4. Calculate F, based on slenderness —2
5. Determine gP, and compare to P,
Py=Fy Ay 009
6. IfP, = o P,, then OK

F. = 08T7F, Long
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Example - Analysis of Steel Columns
pass / fail by ASD
DATA

Data:

« Column - size, length W 8x35 ,  A3Ge

«  Support conditions rx 3517~ Py ® 56

* Material properties — F, =2.03"v

- Factored Load — P, _ A 16. 3*~

Lo /3 =6’

Required:

« P,= 0P, (pass) Kx‘Ka =lo

1. Calculate slenderness ratios: L /r, and L /r, (L, =KL)
The largest ratio governs.

g
N Table 1-1 (continued) Table 1-1 (continued)
T R W-Shapes W-Shapes
Dimensions Properties
sk ws-Wa
A Dot Web Flange Distance : Compact Torsional
rea, y om- i - is Y- i
epth, Thickness, | 1, Width, | Thi P Work- i Section Axis X-X Axis Y-Y s | ho Properties
Shape A d " o k | T | able Wt Criteria x Y. J c
w 2 by fr Kaes | Kot Gage T | n | 1 s ) z I [ s]C) 2 N
in.2 in. in. in. in. in. in. | in. | in. |in. | in. /At 2t | t | ind | ind |in. | ind | ind [ ind | in | ind | in | in. in4 inf
W8x67 | 197 | 9001 9 |0.570| %hs | e | 8.28|8Ys |0.935] "5s[1.33 [15% | 14| 5% | 5% | |67 | 443[11.1] 272 [ 604 [ 372[ 70.1| 886 |21.4 [212 | 327 |243 | 807 505 | 1440
x88 | 17.1 | 875 8%40.510] V2 | Ve | 822\ 8V |0.810| ¥s[1.20 [1% | s 58 | 507124 | 228 | 520 | 365 598 | 751|183 210 | 27.9 |239 | 7.94| 333 | 1180
x48 | 14.1 | 850 8'2(0.400] ¥ | % | 8.11|8Ys |0.685 "/i6|1.08 |1%s | e 48 | 592159 | 184 | 432 |361| 490 | 609 | 150 [208 | 229 |235 | 782 196 | 931
x40 | 11.7 | 8.25( 8Y4|0.360| % | ¥is | 8.07|8Ys |0.560| %16 |[0.954|1Vs | 116 4 | 721176 | 146 | 355 308 | 491|122 185 231 | 769 112 | 726
x35 [10.3, 8.12) 8Y5(0.310 %6 | %6 | 8028 |0.495 V2 |0.889|1316 | s 35 | 810205 | 127 | 31.2 [|351 ] 347 | 426|106 (203 | 161 [228 | 763 0769 | 619
5] T3 800 8 |0.285| %6 | Y16 | 8.00(8  |0.435 716 |0.829[1%s | Y 31 | 919223 | 110 | 275 304 | 87.1 | 927/Z02 | 141 (226 | 757| 053 | 530
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Example - Analysis of Steel Columns
pass / fail by ASD

Data:
« Column - size, length ATA
Support conditions — 36
* Material properties — F, Y::{ f’(;;-, o é YA
+ Factored Load - P, rv = 2.03"
Y
A=z 16.3.:2
Required: o ey ,
* Pu=gP, (pass) /&“ i /g’é
KX = [(a = .o
1. Calculate slenderness ratios. Wi Ams
The largest ratio governs. KAx _ 144” Ky Ly
¥x 3.51"

2. Check slenderness ratio against

upper limit of 200 (recommended) < 7200
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Example - Analysis of Steel Columns N
pass / fail by ASD Sttt 15y

K ]
P =220 E /Lec0
\L . 4.7!][—,; " 4.71}-——— - 124

Al )34 0. SHoRT

Euler Equation
FoaE | TL0008 35 0 ksl

& = IR 2
) 4l
3. Calculate transition slenderness Short Column Equ@tion
4.71,/E /Fy and determine column € . %%, 73
type (short or long) e - [M& @ 1Fy = 09153 (26) = 32,%

4. Calculate F, based on Column Strengt

slenderness
foe BlAy =329 < jo.3ut = 329,394

5. Determine gP, and compare to P, bz 0,91, =0,7(379.39) ‘-'@
6. IfP, < g P, , then OK R= 280" < 305.4" - dp, Lok

University of Michigan, TCAUP Structures || Slide 14 of 20




Analysis of Steel Columns
capacity by LRFD

Data:
* Column - size, length
» Support conditions
* Material properties — F,

Required:
+ Max load capacity

1. Calculate slenderness ratios.
The largest ratio governs.

2. Check slenderness ratio against upper limit of 200
(recommended)

3. Calculate transition slenderness 4.71,/E/Fy and F,, = | 0.658% |F
. ’ Y Short
determine column type (short or long)
i

4. Calculate F based on slenderness F. = 087TF, Long
5. Determine gPn and Compute allowable capacity: -
P,= Far A, P,=oP, L,
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Capacity Example 1

Free standing column

Third floor studio space

Supports roof load = 20 psf DL + @
snow ~ 15lbs / FT depth

wW8x 35 A-36

A=z10.3in?
rx= 3:6‘[’}1‘
by = 2:03/n
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Capacity Example 1

ﬁ-g Axis  (commocs )

1. Calculate slenderness ratios. Ei’f? - l.(lé_z:) = 79.8 <200 Vv
The largest ratio governs. 5 203

2. Check slenderness ratio against
upper limit of 200 z 24000 |
(recommended) A7 =40 =6 = B4

3. Calculate transition slenderness [
4.71,/E/Fy and determine

column type (short or long) Euler Buckling
“E vt 29000
F, =z ,‘H'K"’*z . Lz = 44,94 k!
4. Calculate F,, based on e Sl 1.8

slenderness
Short Column Equation

i
Cr = [OIMBFJ FX z E).'Hﬂ] 26 = 15,74 Kl

—_—
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Ca pacity Example 1

5. Determine gP, and Compute
allowable capacity: P, = gP,
Column nominal strength

DL = 20 psf B = E, éﬁ = 25 MK lo3n" = 245"

20 psf (1600 sf) = 32k on column

bz 0.9(25) = 138.6° =€,

238", 4
o
- - ;‘F/- B Load capaci*ry/ 7L 7

Fo = 12 (304 116 B) = 384"
aL= 1261 %

For. = oxAo = [600 sF

5L=é@~/"@=_}éi PoF

|GoosF
: 78.2 Ibs / 15 |bs/ft = 5.21 f+

_— —————
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Capacity Example 2
long column — using equations

Find the capacity for the
25 ft. column shown.

3.51in.
2.03in.

Table G1 Buckling Length Coefficients, K,

3)<$

—

09 ks
" (o BRACII)

5
E =290
L= 25

Slenderness y-y

15_& = 0.5(25)12 118.2

Kz0,8

————————— -
i ¥ I 2.0 s
} § 4 bob| o ¢ g
P 7]
/ \ / |
I ] 1 !
/ i / \ | | 41{? -H7;<H& . LeMa
Buckling modes ! 1 ] 1 ! I —
! i ; o | \so
1 ! i ! !
[} ! .
\ Y ; A Euler Buckling
/
i el At 29000 A
} ¥ i + Fe = Y 7 20,47 K5
] ! L (182
™
Theoretical K, value 05 0.7 1.0 10 20 2.0
— p— ;
Recommended design Long Column Equation
g
when ideal conditions 0.65 0.80 1.2 1.0 2.10 24
; -
approximated ch X (20:4-\‘ 13,95 Kal
. 3 . . —— e
Y Rotation fixed, translation fixed
End condition code ? Rotation free, translation fixed Column sfreng*h
] Rotation fixed, translation free e E A - 0.9 K
: : =0 ( >( V2 166.4
4 Rotation free, translation free i‘l;ﬁ e 8 I+ a',’ /O 3 é(’
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4-24 DESIGN OF COMPRESSION MEMBERS
p y Table 4-1a (continued)
long column — using table Available Strengthin .
. . . = |l
Axial Compression, kips
ws W-Shapes
Shape W8x ~
b/tt 67 58 48 40 () 31
P L K A K L A ) L K A )
ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
0 590 886 | 512 769 |422 |634 |350 (526 (308 |463 [273 |41
¢l 6 542 815 | 470 706 |387 |581 |320 (481 (281 423 |249 |[374
w - ;" g 7 526 790 | 455 685 |375 |[563 |[300 |465 |272 | 409 |241 |362
o x %% g 8 (508 | 763 (439 | 660 |361 [543 |298 (448 |262 | 394 (232 |348
- =] 9 488 733 | 422 634 1347 |521 |285 |[429 (251 377 |222 (333
Fé = Lo KS( s 10 [467 | 701 {403 | 606 (331 (497 |272 (409 |239 | 359 [211 |317
;§ " 444 668 | 384 576 |314 |473 | 258 |[383- |226 | 340 |200 | 301
E: 29000 (5 e 12 [421 | 633 |363 | 546 |297 |447 |243 |366 [213 | 321 |189 |283
=1 E 13 397 597 | 342 514 |280 |[421 |228 |343 |200 301 (177 | 266
- ( 14 373 560 321 482 |262 394 |213 (321 (187 | 281 [165 |248
L 2 25 (Ho BPMIJ&) 2 15 348 523 | 299 450 (244 | 367 |198 |298 |174 | 261 |153 |230
E 16 |324 | 487 |278 | 418 [226 [340 [183 (275 [160 [241 [141 [212
17 |300 [ 450 |257 | 386 |209 (314 |169 |253 [147 | 221 [130 |19%5
£ 18 [276 | 415 {236 | 355 (192 [288 |154 (232 |135 [203 |118 [178
= 19 [253 | 381 [216 | 325 (175 |264 [141 [211 |12 162
Yo cONTROLS %—am_ 231 | 347 |197 | 296 |189 |239 |127 (191 [111 Q166 [ o7.2|146
g é 22 191 287 |163 244 1132 | 198 |105 |158 915 80.3 [ 121
g 24 160 241 137 205 |11 166 88.2 (133 76.9 | 116 67.5( 101
- -1 ¢ = 26 137 205 | 116 175 | 94.2 [ 142 75.2( 113 65.5| 98.5| 57.5| 865
KL = 0.8 (25 ) = 20 2 28 |118 | 177 (100 | 151 | 81.2 | 122 | 64.8| 97.4| 56.5| 84.9| 498 745
— e g 30 103 154 87.5| 131 | 70.7 | 106 56.5( 84.9| 492 74.0| 432| 649
f
32 | 903|136 | 769| 116 | 622| 935| 496( 746 | 433| 65.0| 380 571
34 79.9| 120 | 68.1| 102 | 55.1 | 82.8| 44.0| 66.1
Properties
Puo, Kips 126 [190 [102 [153 | 720] 108 | 672] 85.9] 459 68.9]304 [ 591
Pui, Kip/in. 190| 285| 17.0| 255| 133| 200| 120 18.0| 10.3 | 155 | 9.50| 143
Py, Kips 507 | 761 |363 |546 |174 | 262 |127 [192 81.1 [122 630 | 947
Pp, kips 164 |26 [123 |185 | 87.8|132 | 587 83.2| 459 | 68.9 354 | 532
Lot 7.49 7.42 7.35 7.21 717 7.8
Ly ft 476 76 36.2 209 27.0 248
Ag,in? 19.7 17.1 14.1 1.7 103 9.13
I, in# 272 228 184 146 127 110
Iy in4 886 751 60.9 491 426 37.1
Iy, in, 212 210 2.08 2.04 2.03 202
< It 1.75 1.74 1.74 173 1.78 172
L 104 kein? 779 6530 5270 4180 36, 3150
PyLZ10, kin? | 2540 2150 1740 1410 1220 1060
ASD LRFD Note: Heavy line indicates L¢/r, equal to or greater than 200.
Q=167 0:=0.90
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