Tables for Equal Single Angles in Compression

WAYNE W. WALKER

The design of single angles in compression is a time con-
suming, iterative procedure. A computer program was devel-
oped to perform these time consuming calculations and gen-
erate tables for grades 36 ksi and 50 ksi equal leg angles.
The program uses the recently published allowable stresses
given in Reference 1.

The tables are generated using the following criteria:

1. The angle is pinned at the support points. (K = 1.0)
2. The common loading case where the axial load is

applied on one side by a gusset plate. (See Fig. 1.)
3. No axial load is given when L/r exceeds 200.

The following example will illustrate the procedure used
by the program:
Given:

Determine the maximum axial load that can be applied as
shown in Fig. 1 for an L4X4X% grade 36 ksi with an
unbraced length of 5 ft O in.

Angle Properties:

A = 194 in?

I, = 304 in.*

Y = 109 in.

r, = .95 in.

J = 0438 in.*

r, = 2.23 in.

H = 627

FE = 36 ksi

E = 29,000 ksi

G = 11,200 ksi

t, = % in.
Solution:

Determine Q.

b 4 %6 76 155 155
— =2 =16 —=—=127 = == =258
t VE 36 VE 36

y y

b
since 12.7 < 16 < 25.8, use Q = 1.340 — .00447 (—) \/1_4;
t

0 = 1.340 — .00447(16)\/36 = .911
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Determine angle properties with respect to the W and Z axes.
I, = Ar? = 1.94(795) = 1.23 in.*
I, =1 +I1 — I =20304) — 123 = 485 in.*

T 485
rwz\/1 = A[—== = 158 in.
A 1.94

7071 1071
Eo= = +1) = @+ 35 = 155 in

7071
E, =y\5——2-—(Lg — )

7071
= 1.09V2 — Ty 4 — .375) = .260 in.

C, = J071(L,) = 7071(4) = 2.83 in.
C, = W2 = 1.09v2 = 1.54 in.

S, = === 171 in}
Cc, 283
L 123

S, =< =-"""= 799 in?
C, 154

LOAD CENTROID @

Fig. 1. Angle plan view.
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Determine the Equivalent L/r for flexural-torsional buckling.

_ GJ _ 11,200(.0438)
Ar2 1.94(2.23)?

2(29000)
( ) (e
)
E = fzw._(l _ .1 - W)
2H (F, +E;)

= 50.8 ksi

£

= 198.5 ksi

198. . 5)(50.8)(627
£ 5+508(1_\/1_4(1985)( ) )) 457 ksi

2(.627) (198.5 + 50.8)

\/’ [29,000
p— e 7T - =
equiy 45 7

L 512
r 195

=755

since 79.1 > 75.5, flexural-torsional buckling controls.

Determine E,
27PE 27229000
\/’T \/”(9 ) _ 1321
911(36)
Lr 71
T = 2 _ 60 using Ref. 1 Table 3 C, = 440
c 1321
E, = C,0F, = 440(.911)36 = 144 ksi

Determine F,,.

E

ob =

[E
since 117.7 ksi> 36 ksi, use F,, =(0.95—.50. ITy)Ig <66 F

ob

/ 36
E, = (0.95 — 504 [—)36 = 24.2 ksi
117.7

66(36) = 23.8 ksi

Check b/t provisions.

76
since b/t > _F , use k,, = 600K

y

E,, = 60(.911)36 = 19.7 ksi — governs

Determine F,.

76
since b/t > — use k, = 60QF = 19.7 ksi

NG
Solve for the maximum allowable axial load using:
P PE,, PE.

=10

— + P + =
AF, P
¢ I =——S w E)w 1 ——)8 z ELZ
AF,, AF,

F,, .= 1034 ksi F,, = 26.2 ksi using Ref. 1 Table 8
P P(1.55
4 (1.55)

1.94(144) (1 3

——) 1.71(19.7)
1.94(1034)

P(.260)

A
=

(1 - —) 799(19.7)
1.94(26.2)

P = 96 kips
REFERENCES
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Construction, 9th ed., (Chicago: AISC, 1989).
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Allowable Axial Load in Kips
L8.0x8.0
KL Grade 36.0 ksi Grade 50.0 ksi
(ft) 18 1 78 Ya % %6 Y2 1 1 78 Y4 % %e Y2
1 999 | 920 | 83.7 | 73.8 | 59.2 | 51.7 | 43.9 137.7 | 126.6 | 1148 | 94.7 (758 | 65.3 | 54.4
2 | 996 | 918 | 834 | 73.6 | 59.0 | 51.6 | 43.8 137.3 | 126.1 1144 | 944 |75.6| 65.2 | 54.3
3 | 99.2 | 91.3 | 83.1 73.2 | 589 | 51.4 | 43.6 136.4 | 1253 | 113.7 | 93.8 |75.2| 64.9 | 54.1
4 | 985 | 90.7 | 826 | 728 | 585 | 51.2 | 43.5 135.0 | 1242 | 1127 | 93.2 | 746 | 64.5 | 53.8
5 | 973 | 899 | 819 | 723 | 58.1 509 | 43.2 1329 | 122.7 | 1115 | 922 |74.0| 639 | 534
6 | 954 | 883 | 81.1 716 | 57.6 | 50.4 | 42.8 1295 | 1198 | 109.8 | 91.0 |73.2| 63.3 | 52.9
7 | 934 | 864 | 79.2 | 70.7 | 57.0 | 49.9 | 425 1256 | 116.2 | 106.6 | 89.6 |72.1| 62.5 | 52.3
8 | 91.0 | 843 | 773 | 69.0 | 56.2 | 49.4 | 421 1214 | 1122 | 1029 | 86.8 [71.0| 61.6 | 51.6
9 | 885 | 81.9 | 751 67.1 | 556.2 | 48.7 | 41.6 116.7 | 108.0 99.1 | 83.6 (69:2( 60.5 | 50.9
10 | 858 | 793 | 728 | 65.0 | 53.6 | 47.7 | 41.0 111.8 | 103.3 948 | 80.3 |66.5| 59.0 | 50.0
11 829 | 766 | 70.3 | 62.8 | 51.8 | 46.3 | 40.2 106.6 98.4 90.2 | 765 |63.7| 56.6 | 48.8
12 | 798 | 73.7 | 67.6 | 60.5 | 49.9 | 44.7 | 38.9 101.0 93.1 854 | 72.7 |60.7 | 54.1 46.8
13 | 76.6 | 70.7 | 649 | 58.0 | 48.0 | 43.0 | 37.5 95.0 87.6 80.3 | 68,5 (574 51.4 | 445
14 | 732 | 676 | 62.0 | 554 | 459 | 41.2 | 36.1 88.6 81.6 748 | 640 |54.0| 485 | 423
15 | 696 | 642 | 588 | 52.7 | 43.6 | 39.3 | 34.5 82.4 75.8 69.1 59.4 150.3| 45.3 | 39.7
16 | 65.7 | 606 | 556 | 49.7 | 41.3 | 373 | 329 76.6 70.4 63.9 | 553 [46.7| 422 | 37.2
17 | 618 | 669 | 522 | 46.6 | 38.9 | 352 | 311 71.4 65.3 59.2 | 515 |43.6| 39.4 | 34.6
18 | 58.1 53.5 | 489 | 435 | 36.4 | 33.1 | 293 66.5 60.7 556.0 | 479 |405| 36.8 | 324
19 | 546 | 50.2 | 46.0 | 40.7 | 342 | 31.1 27.5 62.0 56.5 512 | 446 |37.7| 342 | 30.3
20 51.5 | 47.2 | 431 38.1 322 | 29.2 | 25.9 57.9 52.7 478 | 415 1352 319 | 28.2
21 48.5 | 445 | 405 | 358 | 30.2 | 275 | 245 54.2 49.3 446 | 388 |328| 29.8 | 26.4
22 | 458 | 42.0 | 38.1 33.7 | 28.4 | 25.8 | 23.0 50.8 46.2 418 | 363 [30.7( 279 | 247
23 | 432 | 395 | 358 | 316 | 26.7 | 243 | 21.6 47.6 43.3 39.1 | 340 (288 26.1 | 231
24 | 408 | 373 | 338 | 299 | 256.2 | 229 | 20.3 44.7 40.7 36.8 | 320 |271| 245 | 217
25 | 386 | 363 | 319 | 282 | 23.7 | 21.6 | 19.2 421 38.4 346 | 30.1 |254 | 23.0 | 20.3
26 | 36.6 | 33.3 | 30.1 26.6 | 224 | 20.4 | 18.1 39.8 36.1 326 | 283 |23.9| 21.7 | 19.1
L6.0x6.0
KL Grade 36.0 ksi Grade 50.0 ksi
(f)| 1 78 % % | %e | V2 | The | W8 | Ve 1 78 % % | %e | Vo | he | B | %6
1161.3(56.2(505(44.4 (406 |34.7(29.9|24.2|18.2]184.7|77.5|69.5|57.0(52.1455|37.9(30.0(21.8
2161.0|559|503|44.1|40.5|345|29.8|24.1|18.2)84.1|77.0(69.0|56.6|51.8)|45.2|37.8|29.9|21.7
3 (603|555 |49.9|43.7 |40.1 34.3|29.6|24.0|18.1 ] 82.976.0|68.2|56.1|51.3|44.8|37.5|29.7|21.6
4 159.0(54.3|49.27143.3139.7|339(29.3|23.7(17.9]180.5|74.0|67.0|552(505|44.2|37.0|/29.3 (214
51575529 |47.8|425|39.1|33.4|29.0235 (178 §77.6|71.4|64.6|54.0|49.6|43.5|36.5|289 |21.1
6557 |51.2|46.3|41.1|38.0|32.8|285 (232|176 ] 74.3|68.4|61.7 |51.6|47.8|42.4(358|28.4}20.9
7 153.6149.3(44.6|39.6|36.6(31.7|279|228|17.3 | 70.6|64.9|58.6 49.1 1454 404348279205
8 (514472 426|379 |35.0|30.3{26.8|223|(17.1}66.6 61.1 (551 |46.4|428|38.1133.0{27.2]20.2
9 |49.1 |45.0 | 40.6 | 36.1 | 33.2 | 29.0 | 25.6 | 21.4 | 16.7 | 62.2 [ 57.0 | 51.4 | 43.4 | 39.9 | 35.7 | 31.1 | 25.7 | 19.7
10 | 46.4 | 42.6 {38.4 | 34.1 | 31.4 | 27.4 | 24.3|20.4 | 16.2 | 57.4 [ 52.5 | 47.3 | 40.0 | 36.9 | 33.1 [ 28.9 | 24.2 | 18.9
11 | 43.6 | 40.0 | 36.0 [ 32.0 | 29.4 | 25.7 | 22.9 | 19.2 | 15,5 | 52.3 | 47.8 [ 42.9 | 36.4 | 33.5 | 30.2 | 26.6 [ 22.4 | 17.8
12 | 40.7 | 37.2 | 33.4 | 29.7 | 27.4 | 23.9 | 21.4 | 18.1 | 14.6 | 47.7 | 43.4 | 38.9 | 33.1 | 30.5 | 27.4 | 24.2 | 20.5 | 16.5
13 137.5|34.3|30.7|27.3|25.1|22.0|19.7 | 16.8 | 13.7 | 43.5|39.6 | 35.2 | 30.1 | 27.7 | 24.9 | 22.1 | 18.7 | 15.2
14 1347 | 31.7 | 28.3 | 25.1 | 229 |20.3 [ 18.1 (154|127 1 39.8 |36.2 |32.0 | 27.5|25.2(22.7 (20.1 | 17.1 | 13.9
151321 129.2 1 26.1 | 23.0 | 21.0 | 18.7 | 16.7 | 14.3 | 11.8 | 36.5 | 33.0 | 29.2 | 256.1 | 22.9 | 20.6 | 18.3 | 15.6 | 12.9
16 129.7 | 27.1 | 24.1 [ 21.2 | 19.3 | 17.2 | 16.4 { 13.2 {109 | 33.6 | 30.3 | 26.7 | 23.0 | 20.9 | 18.8 | 16.7 | 14.2 | 11.7
17 1276 | 25.0 | 22.4 [ 19.5 | 17.8 | 159 [ 142 (121 [ 10.2 | 30.8 | 27.8 | 24.6 | 21.1 | 19.2 | 17.3 | 15.3  13.0 | 10.7
18 [ 25.7 | 23.3 (20.7 { 18.0 | 16.4 [ 14.7 [ 13.1 (112 | 9.4 | 285 (25.6 {22.6 |19.4 |17.6 (15.9 (14.0 (12.0| 9.9
19 1239217 19.2 | 16.8 | 153 |13.6 | 122|104 | 8.7 | 26.3 |23.7 |20.9|18.0|16.3 | 146 | 13.0|11.0| 9.1
20 8.0 8.4
L5.0x5.0
KL Grade 36.0 ksi Grade 50.0 ksi
) | 7% % % 1% e A 6 % Y% 5 A The % e
1 428 | 39.1 346 | 295 | 246 | 21.0 | 164 569.2 | 54.0 | 476 | 378 | 329 | 26.9 | 20.5
2 | 425 | 388 | 344 | 292 | 244 | 21.0 | 164 58.5 | 53,56 | 47.1 375 | 326 | 26.7 | 20.3
3 | 416 | 382 | 339 | 289 | 242 | 20.7 | 16.3 56.9 | 52.3 | 46.4 | 36.9 | 32.1 26.3 | 20.1
4 | 403 | 371 33.0 | 28.4 | 23.7 | 204 | 16.0 546 | 50.2 | 44.6 | 36.1 314 | 259 | 19.8
5 | 388 | 356 | 317 | 274 | 232 | 20.1 15.8 519 | 477 | 423 | 344 | 304 | 253 | 194
6 | 37.2 | 341 30.3 | 26.1 222 | 194 | 154 489 | 447 | 398 | 324 | 28.7 | 242 | 189
7 | 363 | 324 | 288 | 248 | 211 18.5 | 14.9 454 | 416 | 36.9 | 301 26.7 | 22.6 | 18.1
8 | 332 | 304 | 27.0 | 232 | 198 | 174 | 142 416 | 380 | 336 | 275 | 245 | 208 | 16.8
9 | 31.0 | 283 | 25.0 | 21.6 | 184 | 16.2 | 13.3 37.4 | 341 30.1 247 | 220 | 19.0 | 155
10 | 28.6 | 26.0 | 23.0 | 19.7 | 17.0 | 149 | 123 335 | 304 | 26.8 | 22.1 19.6 | 17.0 | 13.9
11 26.0 | 23.6 | 20.8 17.9 154 | 13.6 11.2 30.1 273 | 238 | 19.7 | 17.6 | 15.2 12.5
12 | 236 | 215 | 189 | 160 | 140 [ 123 | 10.2 271 245 | 21.3 | 176 | 156 | 13.6 | 11.2
13 21.6 19.6 | 17.2 14.5 126 | 11.2 9.3 245 | 221 19.1 158 | 14.0 | 122 10.1
14 19.8 17.8 15.6 13.2 11.6 | 101 8.5 22.2 199 | 17.2 14.2 126 | 11.0 9.1
15 18.2 | 16.3 14.3 12.0 10.6 9.1 7.7 20.2 18.0 | 16.7 | 12.9 114 9.8 8.2
16 16.7 | 15.0 13.1 11.0 9.7 8.4 7.0 18.4 16.5 14.3 11.7 | 10.4 9.0 7.4
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Allowable Axial Load in Kips (cont.)
L4.0x4.0
Grade 36.0 ksi Grade 50.0 ksi
L7 % Y2 e 3 S4e Va Y S 2 6 s 546 Va
27.7 24.9 21.6 19.5 17.2 13.7 10.3 38.4 34.4 29.7 26.9 22.1 17.6 12.8
27.3 24.5 21.4 19.3 171 13.6 10.2 37.6 33.8 29.3 26.4 21.8 17.4 12.7
26.5 | 23.8 | 20.8 18.9 16.7 13.4 10.1 36.0 | 322 | 28.3 | 25.8 | 21.3 17.0 12.5
253 | 22.7 19.9 18.1 16.2 13.0 9.9 33.8 | 304 | 265 | 24.1 20.3 | 16.5 12.2
239 | 21.4 | 187 171 15.2 12.4 9.6 31.3 | 28.1 245 | 223 | 188 | 155 11.8
22.4 20.0 17.5 15.9 14.2 11.6 9.1 28.5 25.4 22.2 20.2 171 141 11.0
20.7 18.4 16.1 14.6 13.0 10.6 8.5 25.2 22.5 19.5 17.7 15.1 12.6 10.0
18.7 16.7 14.4 13.2 11.7 9.7 7.7 22.1 19.6 16.9 156.2 131 11.0 8.8
16.6 14.8 12.8 11.6 10.3 8.6 7.0 19.3 171 14.6 13.2 11.4 9.6 7.7
14.9 13.2 11.3 10.2 9.0 7.6 6.2 17.0 15.0 12.7 11.4 9.9 8.4 6.7
13.4 11.8 10.1 9.1 8.0 6.7 5.4 15.1 13.2 11.2 10.1 8.7 7.3 5.9
12.0 10.5 9.0 8.1 71 6.0 4.9 13.5 11.7 9.9 8.9 7.6 6.5 5.2
8.1 7.2 6.3 5.4 4.3 8.8 7.9 6.8 5.7 4.6
L3.5x3.5
Grade 36.0 ksi Grade 50.0 ksi
123 e Y% 56 Va 12 e Y %e Va
1 17.7 16.1 14.5 11.7 9.3 24.3 22.1 18.6 16.7 11.7
2 17.4 15.8 14.3 11.5 9.1 23.8 21.7 18.3 15.5 11.6
3 16.7 15.2 13.8 11.2 8.9 22.5 20.6 17.5 15.0 11.3
4 15.7 14.3 13.0 10.6 8.7 20.7 18.9 16.2 14.0 10.9
5 14.6 13.3 12.1 9.9 8.1 18.7 17.0 14.6 12.6 9.9
6 13.3 12.1 11.0 9.1 7.4 16.3 14.9 12.8 111 8.8
7 11.9 10.8 9.8 8.1 6.7 14.0 12.6 10.9 9.4 7.6
8 10.4 9.4 8.5 7.1 5.9 12.0 10.7 9.4 8.1 6.6
9 9.0 8.3 7.4 6.2 5.1 10.2 9.3 8.1 6.9 5.5
10 8.0 7.2 6.4 5.5 4.5 8.9 7.9 7.0 6.0 4.9
11 71 6.3 5.6 4.7 3.9 7.8 6.9 6.0 5.2 4.2
L3.0x3.0
KL Grade 36.0 ksi Grade 50.0 ksi
(ft) V2 e Y %6 Va Y6 123 /0 Y% 56 Y e
1 14.0 12.8 11.6 10.1 7.9 5.5 19.2 17.7 15.9 13.0 10.3 6.9
2 13.5 124 11.3 9.9 7.7 54 18.5 17.0 15.4 12.6 10.1 6.8
3 12.8 11.8 10.7 9.4 7.5 5.8 17.2 15.7 14.3 11.9 9.6 6.5
4 11.8 10.9 9.9 8.7 7.0 5.1 15.4 14.2 12.8 10.6 8.8 6.2
5 10.8 9.9 8.9 7.8 6.3 4.7 13.3 12.2 111 9.2 7.6 5.5
6 9.5 8.6 7.8 6.9 5.5 4.1 11.2 10.2 9.2 7.7 6.3 4.7
7 8.1 7.4 6.7 5.9 4.7 3.6 9.4 8.6 7.6 6.5 5.3 4.0
8 7.0 6.4 5.7 4.9 4.0 3.1 8.0 7.2 6.4 5.4 4.4 3.3
9 6.0 5.5 4.9 4.2 3.5 2.6 6.8 6.1 5.4 4.6 3.8 2.8
L2.5%x2.5
KL Grade 36.0 ksi Grade 50.0 ksi
(ft) 123 Y% 56 Va e 12 Y% %6 Va e
1 10.4 8.8 7.7 6.5 4.7 14.3 12.1 10.6 8.4 6.0
2 9.8 8.4 7.4 6.3 4.6 13.4 11.4 10.1 8.0 5.8
3 9.1 7.8 6.8 5.9 4.4 12.1 10.2 9.1 7.2 5.4
4 8.3 6.9 6.1 5.2 3.9 10.5 8.7 7.7 6.2 4.7
5 7.2 6.0 5.3 4.5 3.4 8.5 7.0 6.2 5.0 3.9
6 6.0 5.0 4.3 3.7 2.8 7.0 5.8 4.9 4.1 3.1
7 5.0 4.1 3.6 3.1 2.3 5.7 4.6 4.0 3.4 2.5
8 4.3 3.5 3.1 2.6 2.0 4.8 3.9 3.3 2.7 2.1
L2.0x2.0
KL Grade 36.0 ksi Grade 50.0 ksi
(ft) Y 56 Va e iz Y %6 Va S4T Ve
1 6.0 5.4 4.7 3.7 2.2 8.3 7.5 6.5 4.8 2.8
2 5.6 5.1 4.4 3.5 2.2 7.6 6.8 59 4.5 2.7
3 5.0 4.5 3.9 3.1 2.0 6.4 5.7 5.0 3.8 2.4
4 4.3 3.8 3.2 2.6 1.7 5.1 4.5 3.8 3.0 2.0
5 3.4 3.0 2.6 2.1 1.4 3.9 3.5 3.0 23 1.5
6 2.8 2.5 2.1 1.7 1.1 3.1 2.7 2.3 1.8 1.2
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