LRFD Aid for Tubeshaped Beams

FARUQ M. A. SIDDIQUI and ALI USMAN

In a previous issue of the Engineering Journal,' the first
author presented beam design aids in the form of an “eco-
nomic section’ table for laterally supported standard tube-
shaped beams designed according to the 1978 AISC Speci-
fications.” The authors feel that with the increasing use of
the 1986 AISC LRFD Specifications,3 a table similar in
scope and content but using the LRFD specifications would
be highly desirable. The accompanying tables would greatly
facilitate the selection of tubular flexural members and would
complement the existing beam design aids available for other
rolled shapes in the LRFD manual.*

The design aid information available here is valid for tubu-
lar sections used as beams. It is assumed that the loading
is applied in the plane of the minor axis and that the beam
deflects vertically in the plane of bending only. This paper
uses the same nomenclature as the LRFD manual.

LATERAL SUPPORT AND WIDTH-THICKNESS
RATIO REQUIREMENTS

The LRFD Specifications define limiting width-thickness ra-
tios (\) and their limits \,, \, for flange-buckling (FLB)
and web-buckling (WLB) in Section BS Table B5.1 in the
LRFD Specifications‘3 If N < N\, for both FLB and WLB,
then the section is compact. If A, < N < X, then the sec-
tion is noncompact. Shapes with A > \, are said to have
slender compression elements. In computing the b/¢ ratios,
b was taken to be the full width minus three times the wall
thickness. Of the 180 tube shapes listed in the LRFD man-
ual, only two: TS 16X16X3%, and TS 12X12Xx % fall in the
category of having slender compression elements for both
F, = 46 ksi and 50 ksi; TS 14X14 X% is slender for F, =
50 ksi. The moment capacities of shapes with slender com-
pression elements are not included in these tables. However,
using the precedent set in the new LRFD manual, noncom-
pact shapes are included in these tables.

Lateral support requirements for compact shapes can be
best defined in terms of the limits L, and L,. L, is defined
as the limiting laterally unbraced length for inelastic lateral
torsional buckling (or LTB). L, is the corresponding un-
braced limit for elastic LTB. If the unbraced length, L, is
less than L,, the maximum design resisting moment of a
section is given by ¢,M,,, provided the shape satisfies com-
pact section requirements; when L, = L, the moment
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capacity is ¢, M,. For compact sections with L, < L, <
L,, the moment capacity varies linearly between M, and M,
and can be computed using the tabulated values and a factor
BF with the formula

(ben = Cb[¢bMp - BF(Lb - Lp)] = d)hM

4

For compact shapes M, and M, are defined by ¢,M, =
&2 F/12 and o, M, = ¢,S,(F, — F)/12. A value of 16.5
ksi was used for . In the absence of explicit guidelines for
tube shapes in the Specifications or in the Commentary, the
authors feel it is prudent to use this value. One should also
note that although Section F1.1 in the LRFD Specifications®
states that there is no limit on L, for members with square
cross sections, nonetheless values for L, computed using
LRFD Specification Formula F1-5° are provided for square
tubes.

For noncompact shapes, the maximum flexural design
strength ¢, M, has been computed using Formula A-F1-3 of
the LRFD Specifications® and is tabulated as ¢, M,. The as-
sociated maximum unbraced length, L,,’, is computed using

Ly =L, + I — L)M, — M)IM, — M,)

and is tabulated as L,. In the tables, values of L, larger than
99 ft for the noncompact shapes are not shown; BF is also
excluded in these cases since for most practical design cases
L, for these shapes used as beams will not exceed 99 ft,
however, the value of ¢, M, is shown just for the sake of
completeness. M, is computed in the same manner as for
compact shapes.

The user should note that unlike the LRFD manual, no
values for L, are provided in the table. This is because the
shapes listed in this table have very large values for L, with
the smallest value being 78 ft for a TS 12X2X Y% of F, =
50 ksi.

USE OF TABLES
Example 1

Select a beam of F, = 46 ksi subjected to a factored uni-
form bending moment of 186 kip-ft, having its compression
flange braced at 6.0 ft intervals (C, = 1.0).

Solution
Z.(reqd.) = M,(12)/$,F, = 186(12)/0.9(46) = 53.91 in’

Entering the tables, it is found that the nearest higher tabu-
lated value of Z, is 54.20 in®, which corresponds to a TS
10X6X% weighing 59.32 Ib/ft. Proceeding up that specific
group of shapes, the first shape represented in boldface is



TS 16x4 X%, weighing 40.35 Ib/ft with Z, = 54.50 in®. It
represents the most economic tubular shape. Noting that L,
= 78 ft > 60 ft, the capacity ¢,M, = ¢, M, = 188 k-t
is more than the required strength of 186 kip-ft, the shape
is adequate.

Use TS 16x4x%,  &,M, = 188 kip-ft.

Example 2

Determine the moment capacity of a TS 16 X4X3% of F, =
50 ksi with the compression flange braced at 9.0 ft. inter-
vals. Use C, = 10.

Solution

Entering the tables for £ = 50 ksi one notes that for the
TS 16x4x%, ¢,M, = 2407 kip-ft, L, = 70 ft, BF =
0.588 kips. Since L, > 70 ft, the capacity is given by

d)an = CI)[d)bMp — BF (Lb - Lp)] = (thp
= 1.0[2407 — 0.588(9 — 7)] = 239 kip ft

For E = 50 ksi, TS 16x4x3% (L, = 9.0 ft)

y

&M, = 239 kip-ft
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LOAD FACTOR DESIGN SELECTION TABLE FOR TUBE SHAPES

Ey=46ksi Fy= 50 ksi F, =46 ksi Fy=50ksi
BF Lp  dpMr  6pMp | Zg Shape Wt opMp  opM;  Lp BF BF Lp  opMr  opMp | Zx Shape Wt opMp  OpMr  Lp BF
Kips Ft  Kip-ft Kip-ft | in3 1b/ft Kip-ft Kip-ft Ft Kips Kips ~ Ft  Kip-ft Kip-ft | in3 Ib/ft Kip-ft Kip-ft Ft Kips
0313 | 37.6 [365.1 | 693.5 |201.0 20x12x1/2 103.3 | 753.8 | 414.6 [34.6 | 0.368 0.165 | 25.8 |130.3 | 249.8 |72.40 12x 8x172 6246 | 271.5 [148.0 (237 | 0.194
0.174 | 89.4 3319 | 5984 [175.0 16x16x121 | 103.30 | 6422 | 3769 | # 0.120 | 534 |128.1 | 2357 |69.00 | 14x10xS/16% 4886 | 252.5 |145.5 |75.0 | 0.141
0.460 | 20.7 |281.0 | 558.9 |[162.0 20x 8x1/2 89.68 | 607.5 | 319.1 [19.0 | 0.543 0475 | 8.0 |1058 | 2236 |64.80 14x 4x172 55.66 | 243.0 [120.1 |7.3 | 0.564
0.237 | 61.6 |283.2 | 5257 |154.0 20x12x3/8t | 78.52 | 562.9 | 321.6 {87.3 | 0.278 0.104 | 36.3 1199 | 2229 |64.60 10x10x1/2 6246 | 2423 [1362 |33.4 | 0.122
0.207 | 40.6 |265.5 | 4968 |144.0 16x12x1/2 89.68 | 540.0 | 3015 (374 | 0243 0496 [ 7.6 1058 | 2215 |64.20 | 16xdx3/8 4790 | 2407 [120.1 |7.0 | 0.588
- # 2567 | 4165 [134.0 16x16x3/8+ | 78.52 | 4419 | 2915 | # # [1195 | 2021 |62.60 12x12x5/161 4886 | 2154 1357 | # -
0.150 | 51.2 |250.0 | 4554 |132.0 14x14x1/2 8968 | 4950 | 2839 [471 [ 0176 0.223 | 16.1 [106.4 | 2108 |61.10 14x6x3/8 4790 | 229.1 [1209 |14.8 | 0.263
- # 1239.0 | 4130 |130.0 20x12x5/161 | 6587 | 438.1 | 2714 | # - 0211 | 17.0 [1058 | 2101 |60.90 12x6x1/2 55.66 | 228.4 |120.1 |15.6 | 0.249
0351 | 209 {2186 | 4313 [125.0 20x8x3/8 68.31 468.8 | 2482 |19.2 | 0414 0.127 | 260 {1029 | 1949 |56.50 12x8x3/8 4790 | 2119 {1168 (239 | 0.150
1153 | 62 |1967 | 4244 [123.0 20x4x1/2 7607 | 4613 | 2234 | 57 | 1370 0411 | 7.8 {905 | 188.0 |5450 16x4x5/16 40.35 | 2044 {1028 (7.1 | 0.487
0.506 | 13.8 (2011 | 4106 [119.0 18x6x1/2 7607 | 4463 | 2284 [12.7 | 0598 0.176 | 8.0 |934 | 187.0 |54.20 10x6x5/8 59.32 | 2033 {1060 [16.6 | 0.208
0289 | 23.0 [199.6 | 389.9 |113.0 16x8x1/2 7607 | 4238 | 226.6 |21.1 | 0.340 0.188 | 162 [912 | 179.1 |51.90 14x6x5/16 40.35 194.6 |103.5 [149 | 0.222
0.159 | 64.5 {2069 | 3792 1111.0 16x12x3/81 | 6831 406.4 | 234.9 [90.2 | 0.186 0359 | 83 | 845 | 1753 [ 5080 | 14x4x3/8 4279 190.5 [96.0 7.6 | 0.425
0291 | 21.2 [185.4 | 362.3 [105.0 20x 8x5/16 | 57.36 | 393.8 | 210.5 |19.5 | 0.343 0081 | 365 | 949 | 1739 | 50.40 | 10x10x3/8 4790 189.0 (1078 | 335} 0094
0185 | 333 [192.3 | 362.3 |105.0 14x10x1/2 7607 | 393.8 | 218.3 |30.6 | 0.217 0330 [ 88 | 81.4 | 1704 | 49.40 | 12xdx1/2 48.85 1853 [ 925 | 8.1 | 0391
- # | 1945 | 3325 |102.0 14x14x3/8t | 68.31 354.8 | 2208 | # - 0.107 [ 261 | 881 | 1653 | 47.90 | 12x8x5/16 40.35 179.6 [1000 | 240 | 0126
0.127 | 438 {1790 | 329.1 [95.40 12x12x1/2 76.07 | 3578 | 203.3 [40.3 | 0149 0162 | 173 | 843 | 1646 | 47.70 | 12x6x3/8 42.79 1789 [ 957 | 159 | 0.191
0854 | 65 (1547 | 3288 (9530 20x4x3/8 5810 | 3574 | 1756 [60 | 1013 0.097 | 285 | 847 | 1628 | 47.20 8x8x5/8 59.32 1770 § 962 | 263 | 0.114
- # 11757 | 3004 |9380 16x12x5/161 | 57.36 | 319.4 | 199.5 | # - 0.146 | 183 | 80.1 | 1573 | 45.60 | 10x6x1/2 48.85 171.0 | 910 | 169 | 0172
0385 | 141 [157.8 | 3181 [9220 18x6x3/8 58.10 | 3458 | 179.1 [129 | 0455 0301 | 84 | 72.6 | 1494 | 43.30 | 14xdx5/16 36.10 1624 | 824 | 7.8 | 0.356
0221 | 232 [156.2 | 3022 |87.60 16x8 x3/8 5810 | 3285 | 177.4 |214 | 0260 0.068 | 558 | 81.2 | 1463 | 42.80 | 10x10x5/16F 40.35 1571 | 922 | 76.6 | 0080
0201 | 2541|542 3005 |87.10 12x 8x5/8 76 33 3266 {1751 234 | 0237 0.153 | 16.3 | 74.8 | 1459 42.30 14x6x1/4 32.63 158.6 | 84.9 15.0 | 0.180
- # |1651 | 2624 |8610 14x14x5/16~ | 57 36 - - - - 0.137 | 174 | 72.1 | 140.1 | 40.60 | 12x6x5/16 36.10 152.3 | 819 | 16.0 | 0161
0658 | 7.3 [1332 | 2836 [8220 16x4x1/2 6246 | 3083 {1513 | 67 | 0781 0.080 | 29.0 | 728 | 1370 | 3970 8x8x1/2 48.85 1489 | 827 | 267 | 0094
0.143 | 33.4 [150.5 | 2812 |8150 14x10x3/8 5810 | 3056 {1709 [307 | 0167 0.087 | 422 [ 72.1 | 1335 | 39.10 | 12x8x1/4t 32.63 143.0 | 819 | 596 | 0103
0711 | 6.61 (319 | 2788 |80.80 20x4x5/16 48.86 | 303.0 {1497 | 6.1 | 0.843 0251 { 91 | 655 | 1346 | 39.00 | 12x4x3/8 3769 146.3 | 744 | 84 | 0298
0.292 | 158 |134.5 | 270.1 |78.30 14x6x1/2 62.46 | 293.6 [1528 |145 | 0.345 0216 { 98 | 600 | 1245 | 3610 | 10x4x1/2 42,05 1354 | 681 | 9.0 |0.256
0323 | 142 1343 | 2694 |78.10 18x6x5/16 48 86 292.9 11525 [13.1 | 0381 0113 | 186 | 642 | 1239 | 3590 | 10x6x3/8 37.69 1346 [ 729 | 17.1 | 0.133
0.126 | 36.0 |142.0 | 267.7 |77.60 10x10x5/8 76.33 291.0 |161.3 [33.1 | 0148 0243 | 85 | 597 | 122.1 | 3540 | 14xdx1/4 29.23 1328 | 678 | 7.9 | 0.287
0.186 | 23.4 1330 | 2560 |74.20 16x8x5/16 4886 | 2783 [151.0 |21.5 | 0.219 - # 66.6] 111.0 | 34.90 | 10x10x1/4T 32.63 118.1 | 75.6 # -
0.098 | 67.0 [140.3 | 2527 |73.90 12x12x3/8+ 58.10 | 271.2 [1593 [91.7 | 0.115 0211 [ 92 | 564 | 1149 | 3330 | 12x4x5/16 31.84 1249 | 641 | 85 | 0250
0.257 | 167 [124.3 | 2515 |72.90 12x6x5/8 67.82 | 2734 [1412 [153 | 0.303 0.112 | 174 | 595 | 1145 | 3320 [ 12x6x1/4 29.23 1245 | 67.6 | 16.0 | 0.131
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Fy =46 kst Fy.=50ksi Fy=46ksi Fy=50ksi
BF  Lp opM; OpMp | Zy Shape Wt oMp My Lp  BF BF  Lp oMy GpMp | Z¢ Shape Wt opMp 0pM;  Lp  BF
Kips Ft  Kip-ft Kip-ft | in3 Ib/ft Kip-ft Kip-ft Ft Kips Kips Ft  Kip-ft Kip-ft | in3 Ib/ft Kip-fi Kip-ft Ft Kips
0095 | 199 | 57.1 | 1111 | 3220 | 8x6x1/2 4205 | 1208 | 648 | 183 [0.112 0050 [127 | 193 | 37.6 | 10.90 6x4x5/16 19.08 409 | 219 [ 117 0.059
0063 | 29.1 | 58.4 | 1080 | 3130 | 8x8x3/8 3769 | 117.4 | 663 | 268 [0.074 0074 | 82 | 17.5 | 359 | 10.40 6x3x3/8 19.82 390 | 199 | 7.6 | 0.087
0.096 | 18.7 | 553 | 1059 [ 30.70 | 10x6x5/16 31.84 115.1 | 62.8 | 17.2 [0.113 0.167 | 3.6 | 166 [ 355 10.30 8x2x1/4 15.62 38.6 | 189 | 33 | 0.199
0069 | 251 |53.5 | 1021 [ 2060 | 7x7x12 4205 | 1110 | 608 | 23.10.081 0036 | 167 | 188 | 352 | 1020 | 7x5x¥/16 | 14.53 383 | 214 (153 ] 0.042
0168 | 100 |48.7 | 990 | 2870 | 10x4x38 3258 | 1076 | 553 | 92 [0.199 0073 179 | 168 | 338 | 9.79 7x3x1/4 15.62 367 | 191 172 | 0.086
0171 | 93 467 | 9a2 | 2730 | 12xax1/a 2582 | 1024 | 530 | 86 0202 0032 | 180 | 177 | 335 | 970 5x5x5/16 19.08 364 | 202 | 16.6 | 0.037
0053 | 292 (502 | 921 [2670 | 8x8x5/16 3184 | 1001 | 570 | 269 |0.062 0.075 | 7.5 | 164 | 327 | 9.49 8x3x3/16 | 13.25 356 | 186 | 69 | 0.088
0075 | 20.1 [462 | 883 2560 | 8x6x38 3258 [ 960 |[525 | 184]0.088 0041 1 134 | 66 326 | 9.44 Sx4x3/8 19.82 354 | 188 | 123 0.049
0.085 | 29.5 |45.8 86.6 25.40 12x 6x3/16F 22.18 92.6 52.0 42.6 10.100 0.025 | 335 | 17.5 | 316 9.24 6x6x3/161 14.53 339 199 | 45.8 | 0.029
0078 | 18.8 [456 | 866 [2510 | 10x6x1/4 2582 | 941 |s18 | 17.3]0.092 0063 | 85 | 149 | 317 | 920 5x3x1/2 21.63 345 | 170 | 78 | 0.075
0.132 | 109 [41.6 | 852 {2470 8xdx1/2 3524 | 926 | 472 | 1010157 0064 | 83 | 156 | 314 | 9.11 6x3x5/16 | 16.96 342 | 177 | 76 | 0.076
0.142 | 102 |23 84.9 24.60 10x4x5/16 27.59 92.3 48.0 9.4 10.167 0.041 | 129 | 163 | 31.3 9.06 6x4x1/4 15.62 34.0 18.5 | 11.8 | 0.049
0054 | 254 434 | 811 [23.50 7x7x3/8 3258 | 881 | 492 | 23.3[0.064 0043 | 123 [ 161 | 307 | 891 Tx4x3/16 | 3.25 334 | 182 | 113 0.050
0.084 | 161 [400 | 797 [23.10 7x5x1/2 3524 | 866 | 455 | 14.8[0.099 0120 | 40 [ 13.1 | 287 | 833 6x2x3/8 17.27 312 | 149 | 37 [ 0.143
0044 | 445 (416 | 749 |2190 8x8x1/4t 2582 | 804 | 472 | 6100051 0036 | 135 | 147 | 284 | 824 5x4x5/16 1696 309 | 167 | 124 | 0.042
0064 | 202 |40.0 | 756 [21.90 8x6x5/16 2759 | 821 | 455 | 18.6(0.075 0.026 | 18.1 | 150 | 27.8 | 8.07 5x5x1/4 15.62 303 | 170 | 167 | 0.031
0443 [ 28 (334 | 742 [2150 | 10x2x38 2748 | 806 | 379 | 26 los28 0034 | 139 | 136 | 277 | 8.02 4xdx1/2 2163 | 301 | 154 | 12.8 | 0.040
0462 | 27 341 | 738 (2140 | 12x2x1/4 2242 | 803 | 387 | 25 |0.549 0.125 | 38 | 132 | 277 | 802 8x2x3/16 1197 1301 | 150 | 35 [ 0.148
0.130 | 9.5 363 | 725 [21.00 | 12xdx3/16 1963 | 788 412 | 87 |0.153 0051 | 89 | 13.0 | 266 | 771 5x3x3/8 1727 | 289 | 148 | 82 [ 0.060
0057 | 214 |372 | 721 [2090 6x6x1/2 3524 | 784 | 422 | 19.7|0.067 0056 [ 80 [ 133 | 263 | 7.63 7x3x3/16 1197 | 286 | 151 | 7.4 [ 0.066
0.114 | 104 |352 | 69.7 [2020 | 10x4x1/4 2242 | 758 | 399 | 95 [0.135 0053 [ 85 | 132 | 263 | 7.62 6x3x1/4 1391 1286 | 150 | 7.8 [ 0.062
0.046 | 25.5 [37.6 | 69.3 [20.10 7x7x5/16 2759 | 754 | 427 | 23.5]0.054 0.102 | 42 | 11.8 | 253 [ 733 6x2x5/16 14.83 [ 27.5 134 |39 | 0.121
0.104 | 11.2 |343 | 687 |19.90 8x4x3/8 2748 | 746 | 389 | 1030123 0032 | 13.0 | 129 | 244 | 7.06 6x4x3/16 1197 | 265 | 146 | 20 | 0.037
0060 | 307 |354 | 659 [1930 | 10xéx3/16% 1963 | 705 | 402 | 4370070 0030 | 13.6 | 12.5 | 238 | 6.89 Sxx1/4 1391 | 258 | 142 | 125 0.035
0362 | 3.0 (292 | 638 [1850 | 10x2x5/16 2334 [ 694 |332 | 27 0430 0044 | 90 | 117 [234 | 677 5x3x5/16 1483 | 254 | 132 | 83| 0.052
0067 | 163 [33.0 | 638 |1850 | 7x5x38 2748 | 694 | 374 | 1500078 0028 | 142 | 11.8 | 232 | 672 4x4x3/8 1727 | 252 | 134 | 13.0] 0.033
0.052 | 203 [33.2 62.1 18.00 8x6x1/4 22.42 67.5 377 |18.7 10.061 0.020 182 119 | 217 6.29 5x5x3/16 11.97 23.6 13.5 | 16.8 | 0.024
0.089 | 11.3 {299 | 59.0 17.10 | 8x4x5/16 2334 | 641 |339 [104 [0.104 0083 | 44 | 102 | 213 | 618 6x2x1/4 1221 [ 232 11.6 | 40 | 0.098
0.141 | 7.0 |[28.1 58.7 17.00 8x3x3/8 24.93 63.8 319 |65 0.167 0.041 8.6 10.5 | 20.6 597 6x3x3/16 10.70 224 120 | 7.9 | 0.048
- # 323 524 16.80 8x8x3/161 19.63 55.6 36.7 # - 0.024 43 10.6 204 5.90 4x4x5/16 14.83 22.1 12.0 | 13.1 | 0.029
0046 | 21.6 |30.8 | 580 | 1680 | 6x6x3/8 2748 | 630 | 349 [199 0053 0036 | 92 | 100 | 197 570 5x3x1/4 1221 | 214 | 114 | 85| 0.043
0343 | 2.8 |266 | 57.3 16.60 |12x2x3/16 1708 | 623 | 302 (2.6 |0.407 0023 | 137199 | 186 5.39 5x4x3/16 1070 | 202 11.3 | 12.6 | 0.027
0.038 | 25.6 |31.2 56.9 16.50 Ix7x1/4 22.42 61.9 354 [23.6 |0.044 0.066 4.7 8.6 18.3 531 5x2x5/16 12.70 19.9 98 | 43 | 0.078
0079 | 11.9 |279 | 552 1600 | 7x4x3/8 2493 1600 |317 [109 |0.093 0.020 | 144 9.1 | 17.1 4.97 4xdx1/4 1221 186 | 103 [ 132 0.024
0057 | 165 |288 | 549 | 1590 | 7x5x5/16 2334 | 596 | 327 |152 |0o066 0064 | 45 | 82 | 168 | 488 6x2x3/16 9.42 183 | 93 |41 | o007
0.087 | 10.5 [27.2 | 538 | 1560 |10x4x3/16 1708 [ 585 | 309 [97 {0.103 0029 | 97 | 82 | 164 | 475 4x3x5/16 1270 | 178 | 93 |90 | 0.034
0289 | 3.1 [246 | 531 15.40 | 10x2x1/4 1902 | 578 | 279 |28 |0.344 0055 | 48 |75 | 156 | 451 5x2x1/4 1051 | 169 | 85 |44 | 0.065
0074 | 122 |26 | 53.1 15.40 | 6x4x1/2 2843 | 578 | 296 |[11.3 [0.087 0028 | 92| 80 | 155 | 449 5x3x3/16 942 | 168 | 91 | 85| 0034
0119 | 7.2 |248 | 507 | 1470 | 8x3x5/16 2121 | 551 | 281 |66 [0141 0021 | 125( 7.7 [ 150 | 435 3x3.5x5/16 1270 | 163 | 87 | 11.5[ 0.024
0039 | 21.8 |268 | 497 | 14.40 | 6x6x5/16 2334 | 540 | 304 (201 [0.045 0024 | 99 [ 71 | 139 | 403 4x3x1/4 1051 | 151 | 81 |91 | 0028
0248 | 33 221 |90 1420 | 8x2x3/8 2237 | 533 [251 [30 {0296 0016 | 145[ 73 | 135 | 391 | 4xdx3/16 9.42 147 | 83 | 133] 0018
0072 | 11.5 250 | 48.6 14.10 | 8x4x1/4 19.02 529 | 284 [10.6 |0.085 0017 | 126] 67 12.8 370 | 3.5x3.5x1/4 10.51 139 7.6 | 11.6| 0.020
0040 | 32.2 |259 | 475 | 1390 | 8xé6x3/16% 1708 | 509 | 294 [451 |0.047 0040 | 53 | 59 | 124 | 360 | 4x2xsn16 1058 | 135 | 67 |48 | 0.047
0.067 | 12.0 [243 | 47.6 13.80 | 7x4x5/16 21.21 518 [ 276 |11.1 (0079 0.042 [ 50 | 61 | 124 3.59 | Sx2x3/16 8.15 135 | 69 (46 [ 0.050
0.046 | 177 |239 | 47.3 13.70 | 5x5x1/2 28.43 514 | 27.1 [16.2 |0.054 0019 | 100 58 [ 11.0 320 [ 4x3x3/16 8.15 120 | 66 |92 [0022
0.104 | 7.6 [22.6 | 46.6 13.50 | 7x3x3/8 22.37 50.6 | 256 (7.0 [0.123 0033 | 55 | 52 [ 107 3.09 [ 4x2x1/4 8.81 1.6 | 59 |50 | 0039
0.047 | 165 [24.1 | 455 13.20 | 7x5x1/4 1902 | 495 | 274 [152 |0.055 0017 | 105| 53 [ 105 3.04 | 3x3x5/16 10.58 114 | 60 |97 | 0020
- # 243 415 12.70 IxTx3/161 17.08 443 27.6 # - 0.013 127 | 54 10.1 293 3.5x3.5x3/16 8.15 11.0 6.2 11.7 | 0.016

0.058 | 12.6 |219 | 431 1250 | 6x4x3/8 2237 | 469 | 249 [116 |0069 0014 | 107 46 | 9.0 261 | 3x3x1/4 8.81 9.8 53 |98 | 0017
0205 | 3.5 [196 |424 | 1230 | sx2x5/16 1908 | 461 |223 [32 [0244 0026 | 56 | 43 | 86 248 | 4x2x3/16 687 | 93 | 48 |51 (0031
0097 | 74 | 208 | 421 | 1220 | 8x3xi4 1732 | 458 | 236 | 68 |0115 001l | 107} 38 ( 7.2 210 | 3x3x3/16 687 | 79 | 43 |99 | 0013
0032 | 219 | 223 [ 411 | 1190 | exéxia 1902 | 446 | 254 {201 0037 0018 | 61 ] 33 | 66 192 | 3x2x1/4 711172 [ 37 |56 | 0022
0216 | 32 | 193 |at1 | 1190 | 10x2x3/16 14.53 446 | 220 | 3.0 o256 oot1 | 87 | 30 | 59 171 | 2.5x2.5x1/4 7.11 64 | 34 |80 0014
0090 | 77 190 | 407 | 1180 73x5/16 19.08 a3 | 26 |71 loio 0015 | 63 | 27 | 54 157 | 3x2x3/16 559 | 59 | 31 [s8 |oon7
0056 [12.1 | 204 | 397 | 1150 | 7xaxisa 1732 | 431 | 232 | 112 |o06s 0009 | 89 | 25 | 48 140 | 25x25x¥16| 559 | 53 | 29 |82 [00n
0037 {179 | 202 | 386 | 1120 | sxsx38 2237 | 420 | 229 | 165 |0.043 0.009 | 69 | 17 | 35 100 | 2x2x1/4 541 [ 38 | 19 |63 0010
0056 [11.6 | 195 | 380 | 1100 | 8xax3/16 1453 | 413 | 222 | 106 |0.066 0007 | 7.0 | 15 | 29 084 | 2x2x3/16 432 | 32 | 17 |65 | 0008
t Indicates noncompact shape, Fy = 46 ksi and Fy = 50 ksi ~Indicates noncompact shape, Fy = 46 ksi and slender Fy = 50 ksi # Indicates Lp > 100 ft.
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