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Steel Column Design by
ASD/LRFD Steel Construction Manual
13" Edition

By Duane Nickols

Compression members are commonly used in structures. Columns are
a type of compression member used to support beams, girders, floors,
roofs and other areas. Compression members are also used in trusses.
Compression members can be subjected to axial compression,
eccentric compression or combined axial compression and flexure. This
tends to buckle the compression member.

Camber, is the bending of a beam to help compensate for deflection.
You do not camber a column. That would make it tend to buckle and
buckle in a certain direction.

Compressive strength depends on the axis of bending and the type of
end connections. A W section has an x-axis and a y-axis. The x-axis is
parallel to the flanges and the y-axis is parallel to and goes through
the web. The x-axis is the strong axis and the y-axis is the weak axis.
Bucking will occur about the weak axis.

The type of end connection determines the effective length factor, K.
There are three basic types of end connections used in most buildings.

e Fixed-fixed
e Pinned-pinned
¢ Fixed-pinned

Recommended design K values are given in the following table and the
recommended K values should be used instead of the theoretical K
values.



TABLE C-C2.2
Approximate Values of Effective Length Factor, K
Buckled shape of column is (a) (b} (o (d) (e (f)
shown by dashed line.
| | i | b4
g Y PP B
;, :; |: -.‘1 "J E
IBE RN R
\ ! / ! i !
3 Lo o A
T [ I M
Theoratical K value 0.5 0.7 1.0 1.0 2.0 2.0
Recommended design
value when ideal conditions 0.65 0.80 1.2 1.0 2.10 2.0
are approximated
P ranmion eode “  Rotation fixed and ranslation fixed
'?‘ Rotation free and translation fixed
* Rotation fixed and transiation free
T Rotation free and translation free

Case (@) has fixed, fixed connections
Case (b) has pinned, fixed connections
Case (d) has pinned, pinned connections

If the column is used in a frame, we would use a different method to

determine the K value. The effective length is KL. KL/r is the
slenderness ratio. Section E2 of the specification says that KL/r should

be less than 200.

Section E1 of the specification explains how to calculate the design
compressive strength and the allowable compressive strength.



The design compressive strength, b, F,. and the allowable compressive strengih,
P02, are determined as follows:

The nominal compressive strength, F, . shall be the lowest value obtained accord-
ing to the limit states of flexural buckling, torsional buckling and flexural-torsional
buckling.

(a) For doubly symmetric and singly symmetric members the limit state of flexural
buckling is applicable.

(b) For singly symmetric and unsymmetric members, and certain doubly symmet-
ric members, such as cruciform or built-up celumns, the limit states of torsional
or flexural-torsional buckling are also applicable.

¢, = 0.90(LRFD) £, = 1.67(ASD)
A W section is doubly symmetrical.

Section B4 of the specification says that compression members are
classified for local buckling as compact, non-compact or slender-
elements. Most W sections are compact. Section E7 of the specification
says there is a reduction factor, Q. It says that Q=1 for compact and
non-compact but is less than 1 for slender-elements.

Table B4.1, case 3 says a member is non-compact if

b/ _ E it h/ _ E
by =4, <056 //:y and case 10, |f/w_/1r<1.49 //:y.

Section E3 of the specification shows how to calculate the compressive
strength of most compression members since most W sections are
compact. The equations in section E3 are the basis of Table 4-22 in the
Steel Manual. If you want to determine the available compressive
strength of a section, use Table 4-22 and determine the available
critical stress. Multiply the available critical stress by the gross area to
calculate the available compressive stress.



The nominal compressive strength, P, shall be determined based on the limit state
of flexural buckling.

PH=FcrAg (E3-1)

The flexural buckling stress, F.p, is determined as follows:

) KL | E
(a) When — < 4.71 | — jor F. = 044F,)
r 1! F ’

II 2

Fy
F,= [D.ﬁﬁﬁﬁ} F, (E3-2)
KL (e
(b) When — = 4.71 | — (or F, = 0.44F,)
r \ F, '

F., =0877F, (E3-3)

where

F. = elastic critical buckling stress determined according to Equation E3-4,
Section E4, or the provisions of Section C2, as applicable, ksi (MPa)

mE
(%)
r

Design of columns by formulas involves trial-and-error. Table 4-1
helps with the design of W sections in axial compression. Table 4-22
also helps with the design of compression members with minimum
yield strengths of 35 ksi, 36 ksi, 42 ksi, 46 ksi and 50 ksi. Most W
sections would have a yield stress of 36 ksi or 50 ksi.

(E3-4)

&

Example 1

Select an ASTM A992 (Fy=50 ksi) W section column to carry an axial
dead load of 150 kips and live load of 400 kips. The column is 30” long
and is pinned at the top and bottom. The limit is a 14” member.

LRFD
P, =1.2D +1.6L = (1.2 x150kips) + (1.6 x 400k) = 820k

ASD
P, =D+ L =150k + 400k =550k



Assume KL/r=50

2
F =”—EZ=114ksi
KL
r

F

F, =|0.658% |F, = 416ksi

LRFD ASD
F 41.6ksi .
F., =0.9(41.6ksi) = 37.5ksi = = 24.9ksi
c - cr * * *
Q, 167
P 820k .
Areq = d = - = 21_9|n2 A _ QCPa _ 550k _ 22 O. 2
¢C FCI’ 375 kSI req F - 24 gksi - Ui
cr '
Try W14 X 82
w S N S N = S (NN (LIS L T L SO N~ Y DL SO (NS (... NN S ) Y.L AT, Y . N .
Shape Weight Area Depth bs tw te Kdes | ket ks bif2t;  hity I Ly Sy Ty ly Z, Sy
w A d

Ibsfft | in* | in_ | in | in in in in in in* | in® in® in in* | in* in®
W14X109 109 | 320 143 146 0625 0860 146 21675 16 | 649 217 1240 | 192 | 173 | 622 | 447 | 927 | 612 | 3
W4X99 99.0 | 291 142 146 0485 0780 138 20625 14375 934 235 1110 | 173 | 157 617 | 402 | 836 552 3
W4X90 900 | 265 140 145 0440 0710 131 | 2 14376 102 259 999 | 157 | 143 614 | 362 | 756 499 3
W14X82 820 240 143 101 0510 0.855 145 16875 10625 592 224 881 139 123 605 148 448 293 2
WA4XT74 740 | 218 142 (101 0450 0785 1.38 | 1.625 1.0625 641 254 | 795 | 126 | 112 | 6.04 | 134 | 405 | 266 | 2
W14X68 66.0 | 20.0 14.0 10.0 0415 0720 131 15625 1.0625 697 275 722 | 115 | 103 601 121 | 369 242 2
WA4X61 61.0 | 17.9 139 10.0 0375 0645 124 | 15 1 775 | 304 | 640 | 102 | 921 598 107 | 328 215 2
WA4X53 530 156 139 806 0370 0660 125 15 1 611 309 | &41 | 871 778 689 577 | 220 143 1
W4X48 480 141 138 8.03| 0.340 | 0.595 119 14375 1 675 336 484 | 784 702 585 514 | 196 128 1
W4X43 430 126 137 8.00 0305 0530 112 1375 1 7h4 | 374 | 428 | 696 626 682 452 | 173 113 1
W14X38 38.0 | 11.2 141 677 0310 0515 0915 125 08125 657 396 385 | 615 | 546 687 267 121  7.88 1
WA4X34 340 100 14.0 675 0285 0455 0855 11876 075 741 431 340 | 546 | 486 583 233 106 691 1
WA AYIN ann fQer 12 0 72 097N N IRE N TAE 1 49E n7c Q74 AC A 201 AT 2 A2 N ET2 10 £ 2 a0 E 29 1

Ag=24 in?, r,=6.05 in, r,=2.48 in

KL 1.0(30 ft) (12in/ ft)

- =595
r, 6.05In
& _ 1.0(30 ft) (1.2|n/ ft) 1452 use larger
r, 2.48in
2
F =" E  _13583ksi
(145.2)

F, =0.877F, = 0.877 (13.583ksi) = 11.912ksi



LRFD ASD

F, 11.912ksi
¢F, =09 (11.912ksi) =10.72ksi Q 167

_ - - s o2y
P, = $F, Ag = (10.72ksi) (24in") =231k Po _ Fu | p0 7933461 (24in?) = 171k
231k <820k NG Q Q
171k <550k NG

= 7.133ksi

Try a larger section, W14 X 132

AISC_MANUAL_LABEL Weight Area Depth by t t tagee  kiee | ket k1 b2ty | hit I Z; Sy« Ty ly Z,

1
2] w A d

3 Ibsift | in®  in___in__in in in in in in in' | in® in® in in* | in*
1130 W14X145 145 | 427 148 155 0680 109 000 169 | 2375 15625 711 | 168 | 1710 | 260 | 232 | 633 | 677 | 133
191 WW14K132 132 388 147 147 0645 103 000 163 23125 15625 715 177 1530 234 209 628 548 113
1192 W14X120 120 353 145 147 05900940 000 154 | 225 | 15 | 780 | 193 1380 | 212 | 190 | 624 | 495 | 102
1193 W14X109 109 320 143 146 0525 0860 000 146 21875 15 849 | 217 1240 | 192 | 173 | 622 | 447 | 927
1194| W14X99 990 (291 142 146 0485 0780 000 138 20625 14375 934 | 235 | 1110 | 173 | 157 | 6.17 | 402 | 836

Ag=38.8 in®, r,=6.28 in, r,=3.76 in

KL 1.0(30 ft)(12in/ ft)

- =57.32
r, 6.28in
KL = 10(30 1) (1_2 in/ ft) =05.74 use larger
r, 3.76in
2 2 H
7°E  77(29,000ksi) _ 31.92ksi

me= (K%)2 ~ (95.74)
R 50

F, =(0.658%)F, = (0.658%%)50ksi = 25.579Ksi

LRFD ASD
. . Fo _ 25579Ks1 _ 1 394

¢ F, =0.9(25.579ksi) = 23.02ksi 0 1.67

#P, = $F, Ag = (23.02ksi) (38.8in°) =893k Fn _ i(Ag) = (15.31ksi) (38.8in?) = 594k

893k > 820k OK Q Q

594k > 550k OK



Table 4-1 of the Steel Manual has P,=892 k and P,/Q2=594 k. Using
Table 4-1 would have been much easier to select a column than
designing by trial-and-error. Table 4-22 shows @F,=22.9 ksi and
Fo/2=15.3 ksi. So, what we did checks.

Be sure to go to the AISC web site and print the errata for the
st

1° printing and the 2nd printing because Table 4-22 has
changed.

Part of table 4-22: See my version for part of Table 4-22

] Fy=50 ksi
KL/r Fer E-'J'"IIQC EES;P:.-;
(ksi) ksi (ksi)
LRFD
a0 27.7 24.9
91 27.3 24 .6
92 26.0 24 .2
93 26.6 23.9
94 26.2 23.6
. 25.8
06 25.5 »
9 25.1 £
08 24 .8 22.3
99 24 .4 22.0
100 24 .1 21.7
101 23.7 21.3
102 23.4 21.0
103 23.0 20.7
104 22.7 20.4
105 22.3 20.1
106 22.0 19.8
107 21.6 19.5
108 21.3 19.2
109 21.0 18.9
110 20.6 18.6
111 20.3 18.3
112 20.0 18.0
113 19.7 17.7


http://www.pdhengineer.com/Course%20Files/Completed%20Course%20PDF%20Files/Civil/steel_column_table4-22.pdf

Using Table 4-1, you just find P,/Q2c > P, for KL = 30 ft. That is 594 k >
550 k and @:P, =P, for KL = 30 ft. That is 893 k > 820 k. A W14X 132
will work.

Part of Table 4-1 See my version for part of Table 4-1

W14X

132 120

109 90
ASD |

P/Q
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S
a1
L J©
©

ASD
P/Q

LRFD
PcPr
1922
1876
1860
1841

ASD
P/Q,

LRFD
PcPn
1746
1700
1683
1665

ASD
P/Q

LRFD
PcPr
1589
1546

ASD
P/Q

LRFD
PcPr

1440
1401
1388
1372

ASD
P/Q,

LRFD
PcPn
1310
1274
1261
1247

1514
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1241
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1157
1127
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A W12X 170 will also work P,/Q. > P,is 600 k > 550 k and ¢.P, >P, is
902 k > 820 k for KL = 30 ft.

W12X

190

170

152

136

LRFD

ASD |

>

sb | LRFD

ASD

| LrRFD

ASD

[

[ LrRFD

ASD

PH/QC "pCPn
2511
2422
2391
2356
2316
2273
2226
2175
2122
2065
2007
1945
1883
1818
1752
1685
1550
1414

)

Pn/Qc (pCPn
2250
2169
2141
2108
2072
2033
1990
1944
1895
1844
1790
1735
1678
1619
1559
1499

©
O
N

794

P/

(pCPﬂ

697

P/

(‘pCPﬂ

Po/Q


http://www.pdhengineer.com/Course%20Files/Completed%20Course%20PDF%20Files/Civil/steel_column_table4-1.pdf

These are the lightest two sections that will support the required load.
The W14 section is 132 pounds / foot and the W12 section is

170 pounds / foot so we would probably choose the W 14 section since
it is so much lighter.

Example 1a

Now let’s change the first problem and brace the column at the mid
point in the Y-direction. That means KL,= 15 ft but L= 30 ft. Our
P,=820 k and P,=550 k. Now the r,/ry ratio is 1.66 so

KLx=30.0 ft/1.66= 18 ft. We use Table 4-1 for the largest KL of 15 ft
or 18 ft, so that would be 18 ft. Start on page 4-21 for KL = 18 ft and
look for the first P,/ > P, = 550 k and ¢.P, >P, =820 k.

That would be a W10X 112 with P,/Q. =613 k and ¢.P, =P, =921 k.

W10X

100

i
=
N
| {0
®
L1~
N
| o
®
o
s

LRFD ASD | LRFD
PPy Py/Qc

KL ASD LRFD ASD LRFD ASD LRFD ASD LRFD ASD
P/Qc @cPn P/Q. @cPn P/Qc PcPn P/Qc PcPn Po/Qc
1481 1323 1166 1017
1404 1253 1103
1378 1229 1082
1348 1202 1057
1315 1172 1030
1279 1139 1001
1240 1103
1199 1066
1156 1027
1111
1065
1017

851

936 718

662
944

ofo|o
o [+ [
o

921

[l Ll Dol DSJ DR DX (980 [0 P BN (G20 (620 [0 [o2N [o)0 ENN BN G [ec] [} [oe] [oc} [(o] [(e} [{o]
S (220 [°<] (=0 [°Sh [20 (=2 (20 [ SN PN 15o0 Il P 0 Dl BN ool el S A R Y Y K2
(o3 [} (6] BN} N [0 [} (1] (6] (o} [6;] [@F B3N [oe] (V) (o)} [(e} [N} [I*] | \N] [«] [} Il [ ] M)
o
Ll Ul ol DN DR D T80 (980 PN BN (60 [Oa0 (630 [o2] [0)) NN [N ||
N (2] o (=] 51 (] =8 [0 INY 50 R A R [=1 [ ] N [ =3 I [%]
OININ[O R |O|R AR |O|FR P INININ HlO|W]d |W

NIN[W|W]|A [N |o [N ]0 |00
IOIN[D [P [N]B W[N]V N
N[O[R|NIN|W] O |0~ N
EININIVIw|w]A MO o NN N |0 |x |
OIR[IAN|RP|OR |o[a|Ww|N|FP || N [D|O
(520 RN [“SH BN [N (00 (o2} (610 (o<} WiNg [PV] | N} [ (e [oo} (53 [

NININ[W W[~ |S g
DR [SAN [0 Dl 1220 Dl T FSUE B
EN (@] (=] [} [o] [#] (o] [¢+] (@]

132

17.6 ]

Z
w
N
©
N
©
N
gl
©
N
o
N

25. 2

2.57 |

o
N
o
s
N
o
a
o
@
o
N
o)
©

2. 2.




Following the table, we find a W12X 96 with P,/Q. =591 k and @:P,
>p, =888 k.

W12X
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Following the table, a W 14X 90 of P,/Q. =618 k and ¢.P, =929 k will

work.

W14X

145

132

120

109

90

ASD LRFD

ASD

LRFD

ASD

LRFD

ASD

LRFD

ASD

l_©
©

LRFD

ASD

LRFD

P/Q, PP
1922
1876
1860
1841
1821
1798
1773
1746
1717
1687
1655
1621
1586
1549
1512
1473
1393
1310
1226
1141
1056

~ (00|00 |©
Wk |lOoIN
(20 SH L= (98]

P./Q

PPy
1746
1700
1683
1665
1644
1621
1596
1568
1540
1509
1477
1443
1408
1372
1334
1296
1218
1137
1055

a|o|~]ofe o
olo|w|r|of~
o|a|e|s|o|s
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1589
1546
1531
1514
1495
1473
1450
1425
1399
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1176
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(G (020 [0 B] [e<] [o+] [{e]
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We would probably use the W14X 90 section since it is the lightest.
The other tables in the Steel Manual are for different sections.

Table 4-2 HP

Table 4-3 Rectangular HSS
Table 4-4 Square HSS

Table 4-5 Round HSS

Table 4-6 Pipe

Table 4-7 WT

Table 4-8 to 4-10 Double Angles
Table 4-11 to 4-12 Single Angles

So Table 4-1 is very useful in designing W section columns. Table 4-22
iIs more for analysis of a column to determine its available compressive
strength.
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Example 2

Calculate the available compressive strength of a W14X 12 column
with an unbraced length of 28 feet in both directions. The material is
ASTM A992, Fy = 50 ksi and F, = 65 ksi. Assume the column is
pinned-pinned so K=1.0.

C ] E JF ] G J]JJ]| M| N|]R] Z | AB| A | AF | AG | AH | A | Al | AK | AL | AM | Ar4|
1 Shape Weight| Area Depth bs tw t; Kies = bif2t | hlt Iy Z, Sk Ty ly Z, Sy Ty rz J
|2 | w A d
3 Ibsift | in® | in_ in in in in in* in* in* in in* | in® in* in in in_i
1190] W14X145 145 (427 148 155/ 0680 109 169 | 711 | 168 | 1710 | 260 | 232 633 677 | 133 | 873 398 000 15
1191| W14X132 132 | 388 147 147 0645 103 163 715 | 177 | 1530 | 234 | 209 628 548 113 | 745 376 000 12
1192| W14X120 120 353 145 147 0590 0940 154 780 193 1380 212 190 624 495 102 675 374 000 93
193] W14X109 109 | 320 143 146 0525 0860 146 | 849 | 217 | 1240 | 192 | 173 622 447 | 927 | 612 | 373 000 T
1194| W14X99 990 | 291 142 146 0485 0780 138 934 235 1110 173 | 157 617 402 836 | 552 371 0.00 &=
1195 W14X90 90.0 | 265 14.0 145 0440 0710 131 102 259 999 157 | 143 614 362 756 | 499 370 0.00 4C
196 W14X82 820 | 240 143 101 0510 0855 145 5982 224 881 139 | 123 605 148 448 | 293 248 000 5
197 W14X74 740 [ 218 142 (101 0450 0785 138 | 641 | 254 | 795 | 126 | 112 604 134 | 405 | 266 248 000 3%

Ag = 35.3in° r,=6.25inand r, = 3.74 in

KL 1.0(28 ft) (12in/ ft)

= § =53.76
r, 6.24in
KL_ 10(28 1) (1_2|n/ ) =89.84  use larger
r, 3.74In
2 2 H
- 7°E 7z (29,000ksi) _ 35 462ksi
(KL/r)? 89.84

~ [o.658"'" |F, =[0.658%/% [50ksi = 27.712ksi

LRFD

¢P, = oF_ Ag = 0.9(27.712ksi) (35.3in*) =880k

ASD

_ 27.712ksi

P _F :
h— o Ag = (35.3in%) =586k
Q Q 1.67

Let’s use Table 4-22 to verify these values. KL/r = 89.84. Enter the
table for 50 ksi steel and determine the values for F,/Q and @F,, that
correspond to KL/r of 89 and 90. Then we interpolate to get the F/Q
and @QF. values for KL/r of 89.84. We multiply these values by Ag
(gross area) to get P,/Q2 and QP

12



| F,=50 ksi |

KL/r Feor FLIJIIQC ';E:ic}?cr
(ksi) ki (ksi)
LRFD
81 30.9 27.9
g2 30.6 27.5
83 30.2 27.2
84 29.8 26.9
85 29.5 26.5
g6 29.1 26.2
g7 28 25.9
ali 28.4
89 28.0
o0 27.7
9 + 6
o2 26.9 24.2
Q3 26.6 23.9
KL/r Fo/Q OFer
89 16.8 25.2
89.84 ? ?
90 16.6 24.9

A= 898489 165 166)=0.168ksi
(90—89)

F

g; =(16.8-0.168) =16.632ksi
Pn Fcr i in2
o :EAg = (16.632ksi) (35.3in“) =587k closeto 586k OK

5= M(zs.z —24.9) = 0.252ksi
(90 —89)
¢F. =(25.2-0.252) = 24.948ksi

¢P, = oF  Ag = (24.948ksi) (35.3in”) =881k close to 880k
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Table 4-1 also verifies these values. Enter the table for KL = 28 ft and
determine the values P./Q and @P, for W14X 120. P,/2=586 k and

@P,=880 k

W14x

145 132 120 109

KL ASD LRFD ASD LRFD ASD LRFD ASD | LRFD

I::ll'liff)-t q}cpn an{QC I:‘I:;‘CF:'I'I I::II'I.I”!)C ‘Pcpn I:,I'Ii{()-t
1922 1746 1589
1876 1700 1546
1860 1683 1531
1841 1665 1514
1821 1495
1798 1473
1773 1450
1746 1425
1717 1399
1687 1371
1655 1341
1621 1310
1586 1278
1549 1245
1512 1211
1473 1176
1393 | 1103
1310
1226
1141
1056

1621
1596

=== =
|
O ||
o (S|

|
=]
)

@ - [

9 ] ] IS

|IE!I!|||I|I||!!|IE!
T I\

)
L]

| 1922 | | 1589 |
| 1876 | | 1546 |
| 1860 | | 1531 |
| 1841 | | 1514 |
| 1821 | | 1495 |
| 1798 | | 1473 |
| 1773 | | 1450 |
| 1746 | | 1425 |
| 1717 | | 1399 |
| 1687 | | 1371 |
| 1655 | | 1341 |
| 1621 | 1443 | 1310 |
| 1586 | | 1278 |
| 1549 | | 1245 |
| 1512 | | 1211 |
| 1473 | | 1176 |
| 1393 | 1103 |
| 1310 | | 1030~
| 1226 |
| 1141 |
| 1056 | | 807
|73
| 891 |

891

o177

=]
=]
(3]

n
=]
2

Example 3

Calculate the available strength of a W14X 99 with L= 30 ft and
Ly= 15 ft. The material is ASTM A992 so Fy,= 50 ksi. Assume the
connections are pinned-pinned so K=1.0.

Ag= 29.1 in® = 6.17 in and r,=3.71 in.

= e | | O O O = S S )
1 Shape Weight| Area Depth bs tw tr Kgee | byf2t | hite Iy Z, Sy Ty ly Zy Sy Iy r J

2] w A d

3 Ibsfft | in>  in_ | in__in in in in’ in® in® in int__in* | in* | in_ in in_
1190 W14X145 145 427 148 155 0680 109 169 711 | 168 | 1710 | 260 | 232 | 633 | 677 | 133 | 873 | 398 | 000 15

1191 W14X132 132 388 147 147 0645 103 163 715 177 1530 234 | 209 628 548 113 745 | 376 000 12

1192 W14X120 120 353 145 147 0590 0940 154 7580 | 193 | 1380 212 | 190 624 495 | 102 | 675 374 000 9:

193] W14X109 109 | 320 143 146 0525 0860 146 849 | 217 | 1240 | 192 | 173 622 447 | 927 612 373 000 7-°

194| W14X99 990 291 142 146 0485 0780 138 9314 235 110 173 157 617 402 836 552 371 000 &

195 W14X90 90.0 265 140 (145 0440 0710 131| 102 | 259 | 999 | 157 | 143 614 | 362 | 756 499 | 370 | 000 | 4

196 W14X82 820 240 143 101 0510 0855 145 | 592 | 224 | 881 | 139 | 123 605 148 | 448 293 | 248 000 | 5[

1197 WA4X74 740 218 142 101 0450 0785 138 641 | 254 | 795 126 | 112 604 134 | 405 266 248 000 3¢

198 W14X68 68.0 200 140 100 0415 0720 131 | 697 | 275 722 115 | 103 601 121 | 369 242 246 000 3(

1199 WA14X61 610 17.9 139 100 0375 0645 124 | 775 | 304 | 640 102 | 921 598 107 | 328 215 245 000 2-°

200 WA14X53 530 156 139 806 0370 0660 125 611 | 309 541 871 | 778 589 577 220 143 | 192000 1

201 WA14x48 480 | 141 138 803 0340 0595 119 | 675 | 336 484 | 784 | 702 585 514 196 128 | 191 000 | 1<



Now we calculate KL/r and determine which to use to enter table 4-22.

KL, 1.0(30 ft)(12in/ ft)

=58.347 use larger

r, 6.17in

KL '
y _10A5 M) @A2in/ ) _ 4001

r 3.71In

y

Interpolate values F¢/Q2 and @F. from Table 4-22 for KL/r = 58.347

] | F,=50 ksi |

KL/r Fer F,/Q, ¢.F,
(ksi) ks (ksi)

LRFD

48 42.2 38.0
49 41.9 37.8
50 41.6 37.5
51 41.3 37.2
52 41.0 36.9
53 40.7 36.6
54 40.4 36.4
55 40.1 36.1
56 39.8 35.8
57 39.4 35.5
58 39.1 35.2
59 38.8 34.9
60 38.4 34.6
61 38.1 34.3
62 37.7 34.0
63 37.4 33.7

ASD

P _ 23,3306 ksi
Q
P

F
"= — Ag = (23.3306ksi) (29.1in”) = 679k
o~ o he=( )( )

LRFD

@F, =35.0959ksi
¢P. = oF_ Ag = (35.0959ksi) (29.1in?) = 1021k
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Now to use Table 4-1, r/ry=1.66 so KL = (30 ft)/1.66 = 18 ft. Enter
Table 4-1 for KL= 18 ft and W14X 99.

Wi14Xx
145 132 120 109 99

KL ASD | LRFD AsD | LRFD AsD | LRFD AsD | LRFD AsD | LRFD
pl'lfQC (‘PCPI'I pl'lfQC (‘PCPI'I

pI'IJ!QC (‘PCPI'I pl'lfQC (‘PCPI'I (‘PCPI'I

1440
1401
1388
1372
1 1354
1335
1314
1291
1267
1241
1215
1186 1077 |
1157 A
1127
95

1064 | 964 |

Pn/0c

Pn/Q2=680 k and pP,=1022 k which are very close to 679 k and 1021 k
form table 4-22.

Conclusion

You can use the equations in section E3 of the specification to design
columns by trial-and-error or to analyze the nominal compressive
strength of columns. These equations are for axial compressive loads
on W sections. Table 4-1 is used to assist with the design of W
sections under axial compression loads for Fy,= 50 ksi. Table 4-22 is
used to calculate the critical stress for Fy= 35 ksi, 36 ksi, 42 ksi, 48 ksi
and 50 ksi. The critical stress times the gross area give the
compressive strength of the column.

Steel is recyclable material.
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This is a plot of a part of Table 4-22 for ASD values.

ASD Flexural Buckling Stress vs KL/r
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KL/r

[——Fy=36 ksi —=— Fy=50 ksi

It appears that we use equation E3-2 for calculating F.- to about
KL/r = 120 and then we use equation E3-3 to calculate F. to
KL/r = 200. LRFD values would plot about the same.
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