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Typical hot-rolled structural steel sections




W-and M-shapes: beams or columns in steel buildings; top and
bottom chord members of trusses; diagonal braces in braced frames.
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any given series of any given series of M-shapes
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Dimensions and properties
Table 1-1 in the
AISC Manual

Example ‘

Table 1-1 (continued)

Table 1-1 (continued)

W-Shapes W-Shapes
Dimensions Properties
K Wid-w1i2
Web Flange Distance — Compact Torsional
Depth, Section Axis X-X Rods Y-¥ Properti
o |Tickness, | &, | Widh, | Thickness,| k o | p [k Ml | Giteri re | he i
-5 1
te | 2| b tr | Kas | ke Gage | n| 1 [ 8 [r[ 2z |1 [8s][r]z J G
; in. in. in. in. in. in. | in | im. |in | in. Ibt| 2t | tw | 02 [ in® [in | n? | m? [ in? [in [ in® | in. [ in. | it in.f
Wi4x132 | 38.8 |14.7 |14%6 0.645) B | 548|147 | 143103 1 1.63 2% 1% | 10 | &% 132| 718[17.7 | 1530 | 200 | 628[ 234 [ 548 | 745 |37 (113 | 423137 | 123 25500
«120 | 35.3 |14.5 [14%2[0.500] % | Ghe (147 | 145% | 0.040) 54s(1.54 210 |14 120 7800193 | 1380 | 100 | 624[ =z | 495 | 675 |374(102 | 420(136 037 | 22700
x100 | 32.0 |14.3 [14%0.626) V2 | Ya [146 |14%e|0.860) Te [1.46 2% |12 100 | B40(21.7 | 1240 | 173 | 622|102 | 447 | B12 (373|027 | 417134 | 742 | 20200
=007 | 201 |14.2 [14Va|0.485) V2 | Va (146 | 145%|0.780) ¥ [1.38 [2Ve |1he 00| 0.34(235 [ 1110 | 157 | 637(173 | 402 | 552 |371| 834 | 414[134 | 537 | 18000
«007 | 265 |14.0 (14 [0.440) Tie | Va [145 |14%2| 0710 MAs[1.31 (2 |1The 00102 (250 | 000 | 143 | 614(157 | %62 | 400 (370| 7RG | 410[133 | 406 | 16000
WidxB2 | 24.0 |14.3 |14%0.510) Y2 | Ya |10 |10%e |0.855) Te [1.45 [1"46| 1% 107 Bl 82| 5oe(22.4 | 881 | 123 | 605[139 | 148 | 203 (24| 448 | 2.55)134 50T 6710
«T4 | 218 |14.2 [14%a| 0,450 Tre | Ya [10.1 | 10Va | 0.785) 3e(1.38 (150 |14 74| 641|254 | 795 | 112 | 604(126 | 134 | 266 248| 405 | 283|134 | 387 5990
#68 | 200 [14.0 [14 [0.415( Tie | Ya [10.0 |10 |0720( % |1.31 1% | 1% 66| 607|775 | 722 | 103 | 601|115 | 121 | 242 |2.46| 360 | 2.80|133 am 5380
«B1 | 17.0 |13.9 [13%|0.375) 3 | %4 (100 |10 |0.645) Ba [1.24 (1% |1 61| 7.75/30.4 | 640 | 021 | 588|102 | 107 | 215 [245| 328 | 278133 219 4710
Wi4x53 | 15.6 |13.0 |13%|0.370) %a | %4 | 8.06|8  |0.660| Mas[1.25 (1= |1 1072 Bl& 53| 611|309 | 541 | 77.8 | 580| 871 | 57.7 | 143 [1.02 | 220 | 222|132 1.04 2540
A8 | 1471|128 [15%0.340] %6 | Y | B03)8 | 0585 B (1.9 (174 |1 + * 48| 6.75(338 | 484 | 702 | 585| 7B4 | 514|128 (101 108 | 220[132 1.45 2240
w43° | 126 |13.7 [13%0(0.305) % | % | 8.00(8 | 0.530) Y& (1.2 (1% |1 43| 754(37.4 | 478 | 626 | 582 BOG | 452 | 113 (180 173 | 218|132 1.08 1050
Widx38° | 11.2 |14.1 |14%a|0.310) 54 | 38 | 677|634 [0.515] Ve 001510 | 13s[115k| v 38| 657|306 | 985 | 546 | 587| 615 | 267 | 7ea[155| 121 | 1.82[136 0798 | 1230
#34°5 | 10.0 |14.0 (14 [0.285) %4 | %4 | 675|634 | 0.455) THe [0.855[ 1% | T * Al 34| 7410431 | 340 | 486 | 583 546 | 233 | 681[1.53| 106 | 1.80[135 0560 | 1070
«30° | 8.85113.8 [13%|0.270| Ve | Ya | 6.73| 6% |0.385) % [0.785[1Ve | T Al 30| 874/45.4 | 201 | 420 | 573| 473 | 186 | 582(140| 800 177|134 | 0380 887
Wi4x26° | 7.60013.9 |13%a|0.2585) Vs | ¥a | 5.03|5  |0.420| The [0.820(1%e | Y4 |11%m| 230 26| 5080481 | 245 | 353 | 565 402 | &9 3s5(1.08| 554 130135 0.358 405
#22° | 6401137 [13%40.230) Vo | va [ 5.00{5 |0.335) Se (0735104 | Y |1157a| 230 22| 746|533 | 100 | 200 | 554 332 | 700 280(1.04| 430) 127|134 | 0208 34
W12:3367 | 08.0 |16.8 |167a|1.78 |13 | Ta 134 | 1233|208 | 284355 (3% |11 OVa | 5% 396 | 226 5.47) 4060 | 483 | B41( 803 1190 17T (347 274 | 413[138 | M43 57000
»3050 | 895 |18.3 [16%:(1.63 |15/ | "ne[12.2 |13V | 271 |2"he [3.30 2% |19 05| 245 508 3550 | 435 | B20( 537 100|150 [3.42 (244 | 405[136 | 185 488500
#2700 | B1.0 150 [15%a[1.53 [Tz | % (1371 | 13%a|2.47 |2V [3.07 (3% |15/ oo | 288 635 3110 | 303 | 6[ 481 | 037 143 (308 (220 | 400[134 | 143 42000
«2620 | 74.1 [15.4 |15%0)1.40 [1%e | Mhe[13.0 (13 |225 2% [285 |3 |1e 252 | 2.m0| 606 2720 | 353 | 606|428 [ e2s 127|234 196 | 343|132 | 108 35800
#2300 | 677 1161 (15 [1.20 |56 | MMe[12.0 | 127 | 2.07 |2%4s |2.67 | 216|112 230 311| 7.56) 2420 | 321 | 507( 386 | 742 |15 |33 (177 | a&T[130 | 83 3200
210 | 618 |14.7 [14%41.18 136 | S [12.8 {1294 1.00 |17 |2.50 |213M8| 17he 20| 3.37| 823 2140 | 202 | 580( 348 | 664 |04 (328 (150 | as1[128 | 647 27200
#1800 | 56.0 |14.4 (1436 1.06 |10e | %s (127 | 128%|1.74 1% [2.33 (28 |19 100 | 365 016 1800 | 263 | 582( 311 |0 | 030 (325 (143 | aTT[127 | 488 23600
170 | 50.0 |14.0 (14 [0.960) B4s| Y2 [126 | 128%|1.66 |1%6 [216 (276 |15 170 | 403101 | 1650 | 235 | 574[ 275 | m17 | 823 (322 (126 | aTol124 | 356 20100
#1682 | 447 3.7 [15%[0870) Ta | The (125 |12V2 | 1.40 |13 |2.00 |25 |1 152 | 448(11.2 | 1430 | 200 | 566243 | 454 | 728 |310(111 | 386|123 | 258 17200
#1368 | 30.0 |13.4 [13%%0.700 4e| e (124 | 129 1.25 |1 [1.85 2% |1 196 | 406123 | 1240 | 186 | 558( 214 | 208 | 642 (396|080 | 3E1[122 | 185 14700
#1200 | 35.2 131 [13%|0.710f Mae| 3 (123 (12%)1.11 (1Y 1702 |1 120 557[13.7 | 1070 | 163 | 551|186 | 345 | 560 313 | 854 | 355120 | 124 12400
#1086 | 31.2 12,0 [12%|0.610] S | 54 [12.2 | 12Vs|0.000(1 150 (17 |1Va 106 | 617|150 | 033 | 145 | 547[164 | 301 | 483 (311 751 | 352110 813 | 10700
«B6 | 28.2 2.7 [12%40.550] % | B (122 |12%e|0.800) Te [1.50 (1308 1Y 95| 6.7B(17.7 | 833 | 131 | 544147 | 270 | 444 [3.00| 675 | 340(118 £.85 0
BT | 256 12,5 [12%:[0.515) V2 | Va (121 | 12Va | 0.810) (141 [11We| 10 87| 748/1808 | 740 118 | 538|132 | 241 | 397 [3.07| 604 | 346107 | 510 5270
«*T0 | 232 [12.4 2% 0470 Y2 | Ve (1231 |12V | 0735 % |1.33 |15 1% 70| 822|207 | 662 | 107 | 534/ 110 | 216 | 358 |3.05| 543 | 343|117 354 7330
«T2 | 211 |12.3 [12Va|0.430] Tie | Va [12.0 {12 |0.670| MAs|1.27 (1% |10 72| 800|226 | Bo7 | o74 | 531|108 | 195 | 324 [3.04 | 402 | 341|116 203 6540
#B67 | 101 12,1 [12%[0.300) ¥ | % (120 |12 |0.605| B [1.20 (1% |1 Y| v 65| 002|240 | 533 | 67.0 | 528 068 | 174 | 201 [2.002] 441 | 338115 218 5780

# Shape I slandar for comprassion with F= 50 ksl.

! shapa excands compact lImIt for Nexure with F= 50 ks,

The actual size, combination and orlantation of fastener componants should be comparad with the geometry of the cross saction
to ensure compatbliity.

* Range thickness greater than 2 In. Speclal requirements may apply per ASC Specificaiion Secton A3.1c.

12



Dimensions and properties
Table 1-2 in the
AISC Manual

Example ‘

Table 1-2 (continued)
M-Shapes
Properties

M-SHAPES

s

U
&N,

Torsional
Properties

Gr

[ |
d !"——* {r M-Shape
¥ | . .
1 jj B Dimensions
Y f
by
Weh Flange Distance
Stape ":" ""‘;"' Thicness, | t | Width, | Thickness, | | | [Workable
T F by ¥ 1 Gage
in? in. in in. in. in. in. | in. | in in.
M125:12.4%| 363 125 (1202|0185 |Ve |Vie | 375 | 3% (0228 | Va | %m | 32 | 113 —_
#1165 3,40 125 [12%2(0.155 | Ve | Ve | 350 [ 3vz | 0211 | 396 | ¥ | ¥e | 11% —
M12c11.8° |3.47 (120 (12 {0477 [%he| Ve | 307 | % (0225 [ Y | %6 | ¥ |107R| —
«10.8% | 318 120 (12 (0160 |3he| Vo | 307 | 3Ve | 0210 | 3 [ %46 | ¥ | 107 —
M12¢10% | 205 120 |12 (07149 |Ve |Vie| 325 | 3V | 0180 | 3w | Ve | 3 [N —
MA0=8%  |265 [100 (10 (0157 |%he|Ye | 260 | 2% | 0206 | e | %e | ¥e | & —
wBE 237 | 905110 07141 Ve |Vie| 260 | 2% (0182 | 36 |56 | e | B —
M0 T.55% |2.22 | 000110 (0130 |Ve |Vie| 260 | 23s | 0173 | % | The | Be | OVe —
M8x6.5° |1.02 | 800( & (0435 |Ve |Vie| 228 | 2V | 0160 | % |6 | ¥ | & —
«6.2° |1.82 [ 8000 & (0420 |Ve |Ye| 228 | 2% | 077 ¥ | The | Ya | TV —
MGxd. 4% [1.20 | 600 6 (01714 |Ve |Vie| 184 [ 1% | 0171 [ 3s | Fe | Vo | Bl —
«3.7° |1.00 | 502 5%a(0.0980| Ve | e | 200 2 0129 | o | She | s Blfy —_
M5x16.4¢ |6566 | 5.00 0.316 |Bfa| ¥ | 500 | 6 0416 | Te | e | 12 | 3 2348

Ve |Ye| 380 | 3% | 0160 | e | V2 | ¥e | 2
Ve (V| 225 | 2Ve [0ATO | 346 |56 | ¥ | 27
0.0020) Ve | YVie | 226 | 2Ve | 0130 | Ve | V2 | ¥e | 3
0.0020) Ve | Vie | 225 | 2Ve | 0130 | Ve | V2 | e | 3

0.0000) e | YVie | 226 | 2Ve | 0130 | Ve | V2 | e | 2

M 1.75 | 380
#4080 [1.27 | 4.00
«3.45 [1.01 | 4.00
=32 101 | 4.00

M3x28 |0814] 3.00

[ A o
%
oo
iy
— G
=1

124
e

1na
108

10

75

6.5
6.2

4.4
ar

188

4.08
345
3z

28

&.22
&.20

.81
T.30

Q.03

6.53
T.38

1.7

6.03
.44

5.30
T.78

6.01

1.8
.62
8.65
.65

.65

748
745

625
£9.2

747

oa.4
65.0

7.0

538
865

47.0
547

nz

220
26.4
338
338

236

2a.3
203

722
BE.7

B1.7

3a.0
3.6

330

185
176

7.23
5.08

24.2

4.72
353
2.86
2.86

1.50

n
310

236
234

2.06
1.64
167
1.66
128

20
1.51

1.08
1.0

1.03

0.672
0.583

0.562

0.376
0.352

0.180
0173

8.70
147
0.245
0.245
0.245

0,709
0.661

0.636

0.500
0.441

0418

0.329
0,308

0195
0173

348

0.7
0.250
0221
0.z21

0.221

0.3z
0352

125

0815
0606
0,456
0521

168
137

1.15
1.07

1.02

0800
0.

0.670

0.529
0.485

0.3n
0.273

5.33

1.18

0.453
0.346
0.346

0.344

0.933
0.852

073
0732

0.768

0.650
0.646

0.646

0.563
0.560

0467
04009

144

1.04

0.503
0.580
0.580

0.587

12.3
12.3

1.8
11.8

1.8

ara
air

282

7.81
7.82

5.83
574

4.58
3.64
3.83
.87
2.87

0000283
0.000263

0.000E55
0.000300

0.000240

0.000411
0.000E28

0.000283

0,000
0.000455

0000707
0.000458

0,007 0

0.00208
00018
0.0 45
0.0 45

0.00275

0.0403
0.0414

0.0500
0.0303

0.0202

0.0314
0.0224

n.oar

0084
0.0156

0.002a0
0.00230

0313
00184
0.0147
0.00820
0.007a0

T6.0
571
T
350
358

161
142

138

573
5.38

153
145

47

457
114
0.830
0.830

0511

2 Bhapa | sendar Tor compression with £ = 38 kel,
' Shape excesds compact Imit for flemrs wih £, = 36 ks,
9The actual stza, combination and onentation m’rastana'mmpmm SNoukl b comparad with ha geamatry of
ha croes saction to ersune compatiniity.
tShape ras tapered flanges whils other M-shapes have parallel Tiange surfaces.
" shape does not meet the Mt limit for shear In AISC Specifica fon Section G2.1(5)1) with £ = 38 ksl.
— Indicates flange I teo narmow to establish a workable gage.
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W- and M-shapes:




W- and M-shapes:




S-shape: hoist beams for the support of monorails

Tapered 7

flange

—

.

Vo

Overall depth, d,
1s constant for
any given series
of S-shapes




Dimensions and properties
Table 1-3 in the
AISC Manual

Example

| i Table 1-3 Table 1-3 (continued
d f'i X 1? S-Shapes S-Shapes
P~ 1 Dimensions Propetrties
k'
k
bf 5-SHAPES
Web Flange Distance Nom- Compact Torsional
“':“- D"';“‘ Thickness, | 4, | Widm, | Thickness, | [ [Workable nal | Section Rl X-X Rods Y | b | Properfies
3 Wt
Shape oo |2 | b tr Gage w|n| 1T [ s][r] 2z [T [s[r]z Sl B
in.2 in. in. in. in. in. in. in. in. it | 2k | fw | in* [ n? [in [ in? [ in' |2 |in | in? | in | in. | in? ing
824121 | 355 (245 [ 241 | 0800 1%e| T | B05| 8 [1.00 | 1w |2 200z | 4 121 |380(250 (3160 258 043|306 (220 (206 [153 (363 1904 (234 [128  [11400
«06 | 311 (245 | 24Ve | 0620 | % | Bne | 7.87 | 7% (100 | 1V |2 20 | 4 106 |361(334 (2040 (240 (o7F1|270 |76.E [1056 [157 (334 103 (234 [101 10800
S24:100 | 20.3 (240 [ 24 |0745|% | ¥ |725| 7% [0BT0| U5 1% | 20% | 4 100 |416(278 (2380|190 |o00|230 (474|131 (127 240 |166 |23 [ 750 | 630
¥00 | 265 240 |24 |0625|% | 6he | 793 | TV [0870| T 13 | 2002 | 4 o) | 400|331 |2250 [187 |oz1|e22 [447 [125 |130 |224 [186 (230 | GG | 5@RD
«B0 235 (240 |24 |0500|%e | Y |T7OO|T7 |0BT0| Te |1% | 20| 4 80 | 402|414 (2100 176 |047(204 420 (120 |1.34 |208 (167 (231 | 480 | BG20
52006 | 28.2 |203 | 20 | 0.800 | Ha| e | 720 | TVa | 0020| "She (1% | 187 | 4 06 301|211 1670 (188 771|108 |400 (130 (133 {248 |17 104 | B840 | 4800
«86 | 253 (203 | 20Va | 0.660 | Me| Yo |706| 7 | 0820| e |13 | 16| 4 86 |384|256 |1570 [155 [7me|183 [466 [132 |136 (230 [171 |104 | 665 | 4370
820x75 | 22.0 (200 | 20 | 0.635| 5/ | She | 6.30| 6% | 0705 e 15 | 183 | JUA 75 | 402|266 |1280 [128 |7E2|152 [205 | 026 |16 [167 (140 |102 | 450 | 2720
#66 [ 104 |200 |20 |0505|% | Y |6.28|6Y% |0705) e [ 1% | 6% | 3V 66 308|335 (1100 (110 [7&3|130 [275 | &7 |10 |154 [140 |102 | 358 | 25@
51870 | 206 |120 (18 | 0711 || % | 625 | 6Y% |0B@1| MYae |12 | 15 il 70 (452|215 | 923 103 |e70(124 |240 | TEO |1.08 (143 [142 173 | 410 | 1800
547 [ 160 |180 | 18 | 0461|%e | Ve |BO0| 6 | 0881 s [1¥2 | 15 A 547 | 434|332 | 801 | 80 [7o7(104 [207 | 681 |14 [120 [142 173|233 | 1580
§15:50 | 147 (150 (15 | 0.5850| % | Bhe | 564 | 55n [ 0822) ¥ |13 | 12V | 3VA 50 |453|227 | 485 | 847 |575| 770 |156 | 553 103|100 |1.32 144 (202 | 86
420 | 126 |150 |16 | 0411 | %he | e | 550 6% | 0622 ¥ 1% | 12V | V= 420 | 442|304 | 445 | 50.4 |595| 60.2 |143 | 510 [1.06 | .08 [1.31 [144 [ 154 | TI
1260|147 [120 [12 | 0687 | Yee| ¥ | 548 | 5% [0850| Mae [ 1% | ola| 3¢ B0 | 416|137 | 303 | 506 |455| 60.0 156 | 560 103 (103 |13 (114|277 | sM
x408 | 110 120 |12 | 0462 | The | Va | 525 | BYa | 0B50| The | 1e | QY| 30 06 (308|206 | 270 | 451 |476| 527 |135 | 513 [1.06 | 886 |1.30 113 [ 18 | 43
§12x35 | 10.2 [12.0 (12 | 0428|%e | ¥u | 50B| BY [0544| % (130 | OFa| 30 35 [487(|231 | 228 | 3831 |472| M6 | 084 | 388 [0.080| 680 122 115 (106 | 3@
x«31.8 | 0.31(120 |12 |0380|% | %e |500|5 [0544| %e |1%s | 0| 30 I8 (460|283 | 217 | 382 (483 418 | 033 | 373 (100 | 644 121 (115 | 0ETE | 308
S10x35 | 10.3 (100 [ 10 | 0504 |5 | Sne | 404 |5 |0401| e [1We | TH| e 3 |508(134 | 147 | 204 [378| 354 | 8.30 | 336 |0.800| 610 [116 | 051|129 | 18
x264 | TAS|100 (10 [ 0311|%s | e | 466 | 4% (0407 V= [1We | TH| 28 254 | 475|256 | 123 | 246 |407( 283 | 673 | 280 |0.960| 480 |14 | 051| 0603 | 152
58x23 B76| BOO| & 0441 |The | Ya 417 | 4% |0425| T |1 & e 23 |4@|141 | 647 | 162 [309| 192 | 427 | 205 |0795| 367 |0ooo| 7.58| 0560 | 612
X184 | E40| 00| & 0271V | Ve |400|4 |0425) T |1 & 248 184 | 471|220 | 575 | 144 [326| 165 | 260 | 1.84 |0.827| 348 |0.ge5| 758) 035 | 524
S6x17.25 | 505 BO0| 6 | 0465|%s | W4 | 357| 3% |0350| ¥ | ' | 43| — 1725|407 | 067| 262 | 874|228| 105 | 220 | 1.28 |0673| 235 |o8sa| 564) 03T | 182
¥125 | 366 B00| 6 [0.232| % | Ve |3.33| 3o |0350| Yo | e | 43| — 125 | 464|104 | 220 | 7.34|245| 8.45| 1.80 | 108 |0702| 1.86 |0831| 564| 0167 | 143
S6x10 203| 500/ 5 [0214|%e | Yo |300|3 |0326) S | W | &l | — 0 |461|168 | 123 | 400|206 s566| 110 | 0.705|0.638| 1.37 |0.754| 467 0.114 B.52
S4x05 | 270| 400| 4 | 0326 | % | e | 2.80| 2% | 0203 See | | 2| — 05 [477| 833 676 3.38|156| 4.04| 0.887| 0635/0584| 113 [0.6o8| 271 0120 a6
®17 2.26| 4.00( 4 0,193 |36 | Ye | 266| 230 | 0203 Be | W | 2W | — 77 | 454 (141 6.06| a03|154| 350| 0.748| 0562|0.576| 0.070|0676| A71| 0.0732| 267
83xT.5 2.20| 300| 3 0,340 | %he | 251 2% (02680 W | % | 1W| — 75 |483| 533 20| 104|115 235| 0578| 04610513 0.821|0638| 274 00806 1.08
¥67 | 166 300( 3 | 0070| % | Ve |233| 2% (0260 W | e | 13| — 57 [448(110 | 280| 167|123| 1.04| 0.447| 0.383|0518| 0656|0606 2.74| D.0433| 0.3

1The actual size, comiination and orantatin of fastenar companents should be comperad with the geometry of e

cress saction to ensure compatiblity.

— Indicates Mange 15 too narmow to establish a workable gage.

Dr. Ra'ed Al-Mazaidh
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HP-shape: bearing pile foundations and soldier piles for lateral support in
deep excavations.

/’ HP12 X 53
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Dimensions and properties
Table 1-4 in the
AISC Manual

Example ‘

f T ok
o i _
f ' Table 1-4 Table 1-4 (continued)
d o HP-Shapes HP-Shapes
L Dimensions Properties
y |k HP-SHAPES
by |
Web Flange Distance Nom- Compact Torslonal
Area,| Depth, : wam —— na | Section Axis X-X Botls Y=Y o | B J Propertles
Shape | A d kness,| & ' | k| kW y |Workable wy | Cviteria sl 41 o
tw 2 by tr Elm & £ ] 5 r z ] 5 r F3 5.,
in? in. in. in. in. in. in | i | im. iin. It | 2t | bw | in? |in? |in. [ [ ind [ in® | in. [ ind | in | in. int | in8
HP18:204 | 60.2 |18.3 | 18Y4 (1.3 [1%e | e 181 [18%e (113 | 1% |25 | 1% |13Vz| T4 204 | 8.01(12.1| 3460 (380 |7.60 (433 [1120 [124 |4.31 191 |503(|17.2 |0.00451|205 |82500
*181 | 53.2 180 |18 |1.00 A T2 180 (18 |1.00 |1 g | 1Me 181 | 0.00(13.6| 3020|336 |7.53 (370 | o074 |10 | 4.28 167 |4.96 |17.0 |0.00362|207 | 70400
#157° | 46.2 17.7 | 17%a|0.870| Te | Te 179 [177% | 0870 | 7o |2V | 1% 167 |10.3 (156 | 2570|200 |7.46 (2327 | 833 | 031 | 4.25(|143 | 492|168 |0.00285/138 |58000
%135 | 30.0 175 |17V 0.750| 4 | Fe [17.8 [17%% 0750 | Ya |[1'%4| 1% 135 |11.0 [18.2] 2200|251 |7.43 (281 | 706 | 703 | 4.21 122 | 4.85 |16.8 |0.00216 .12 (40500
HP16:x183 | 541 [165 |18Y2(1.13 [1Ve | % |16.3 [16% |1.13 [1% |2%% | 1% | 11%| &% 183 | 7.21(1056 | 2510 (304 |6.81 (340 | 818 |100 |3.80 [156 | 454 (154 |0.00576|260 | 48300
x182 | 477 |16.3 |18V |1.00 |1 T2 |16 [16% |1.00 |1 294 | 1e 162 | 805(11.0] 2100|260 |6.78 (206 | 607 | 866 | 3.82 134 | 4.45 153 |0.00457|1688 | 40800
w14 | 417 160 (16 (0878 e | e (160 16 | 0875 Te |2Ve | 1% 141 | 914136 | 1870 (234 |6.70 (264 | 50O | 74.0 | 370 (116 | 4.40 [151 |0.00365|120 | 34300
x121° | 36,8 |15.8 | 1594 |0.750| % | ¥= |159 [15%% (0750 | ¥a |15 1% 121 106 (1501500 (201 |6.66[226 | 504 | 624 | 375 | O7.6| 434|151 |0.00275| &35 | 28500
«101F | 20.9 155 | 16Vz |0.625) 5% | 546 |15.8 [15% | 0625 | &6 [1'%%| 1% 101 126 [19.0] 1300|168 |650 (187 | 412 | 622 | 371 | 80| 4.27 140 |0.00203| 507 (22800
%885 | 25.8 |15.3 | 159 | 0.540| %46 | 546 |15.7 [16M4g 0540 | %6 (134 | 174 B8 |145 2201110 (146 |656 (161 | 240 | 445 | 368 | 68.2| 421|148 |0.0061| 3.45 | 19000
HP14:117" | 344 |14.2 | 14Y4 (0.808) sl Toe 140 [14%: (0805 | e |12 | 14e | 1104 | &l 117 | 9.25(14.2| 1220 (172 |5.06 (104 | 443 | 505 | 350 | 01.4| 415|134 |0.00348 802 |10000
#1021 | 30,1 140 |14 |0.708) Mhe| ¥e 148 [14%s | 0705 | TVe |13 |1 102 |105 [16.2| 1060 (150 |5.02 (160 | 380 | 514 | 356 | 78.8| 410133 |0.00270| 5.30 (16800
«B00 | 26.1 138 | 1376 |0.615) 5 | 56 147 [14%s | 0615 | S& |15 | 'S4 80 |11.0 |185| 004|131 |588(146 | 226 | 44.3 | 353 | 67.7| 4.05 |13.2 |0.00207| 350 |14200
x73% | 214 1136 | 1350 |0.505) ¥ | Va |146 [14%8 |0505| Ve (1% | e 73 [14.4 [226| 720(107 (584|118 | 261 | 355 | 3.40| 54.6(4.00(131 |0.00143 201 11200
HP12x84 | 246 123 |12V [0.685) Mhs| ¥ |12.3 [12% | 0685 | "We |13 |1 g | 5% 84 | 807|14.2| 650|106 |514(120 | 213 | 346 | 2.04 | 53.2| 341|116 |0.00345 424 | 7140
«74 | 20.8 121 | 12Ve |0.605) S | 546 122 [12% | 0610 S |18 | 154 74 |10.0 (16| 568| 83.8|511(105 | 186 | 304 | 2.9¢ | 466|338 |11.5 |0.00276| 298 | 6160
#63" [ 184 |11.0 |12 |0518| ¥ | va 121 12V |0515| Yo (1 | T 63 |11.8 |18.0| 472| 70.1|5.06| 88.3| 153 | 253 | 2.88 | 38.7|333(11.4 |0.00202| 1.83 | 5000
w5350 | 16,5 |11.8 (1130|0438 e | Vo [120 12 | 0435 T |1V | Tk 53 (138 (223 | 303 | 66.7|5.03| 740( 127 | 211 | 286 | 322|320 |11.4 | 0.00148( 1.12 | 4080
HP10x57 | 167 | 9.00|10 |0.565| % | 546 102 [10%e 0565 | %e (1Y | Bas | TV2 | Gl 57 | 9.03|13.0| 204 | 58.8|4.18| 865|101 | 107 | 2.45| 30.3| 2.84 | 0.43|0.00385] 1.07 | 2240
#427 [ 124 | 070| 0%s|0.415) e | Ve 101 [10%e | 0420 Me [1Ve | s | TV2| G 42 120 [18.8| 210 434|413 483 717 142 |2.41| 218|277 | 028|0.00202| 0813 1540
HP:36' | 10.6| 8.02| 8 [0.445| Tae| Ve | 86| BVe (0445 | Tue |1Ve | Te | 5| & % | 916|142 119| 20.8|3.36 | 336| 403 088 1.05| 152|226 | 7.58|0.00341| 0.770| &7R

< Shape s lender Tor compression with £, = 50 ksl.
" shape encaeds compact Imit for s with £ = 50 ksl
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C- and MC-shapes: beams for light loads

C12 X 20.7 MC 12 X 10.6
e e
| I
= S
S — s _—

(a) C-shape (b) MC-shape



R Sy
T ‘ I Table 1-5

T xthx |9
_L:= C-Shapes C- Shapes
R Dimensions Properties
L - C-SHAPES
PNA
Dimensions and properties pres,| Depth, mm: r wm’“‘“zm e | el v Torsioral Properties
H Sha A d B L ! o ¥ _
Table 1-5 in the pe b |2 | b | eS| k| T ame wl e 4T TS T T Y| | R s
AISC Manual inf| i, in. in. in. in, in. | in. | i | in. | in. Bt . [ in' [0 | | n?| in' [ | i | in |in®] in | n' | inf | in

C15:50 |14.7 |160 | 15 | 0716 Mas| Ue [ 372 | 3% [ 0650 S |1%e [12Ve| 2Vs |17 |14.4
w40 [118 |160 [ 15 |0520| Yo | Y | 382 | 3% (0650| 5 |1The |12Ve] 2 115 |14.4
%33.9|10.0 |150 | 15 | 0400 ¥ | 3w | 340 | 3% | 0650 | 5o |1%e [12Ve| 2 113 144

C12:30 | 8.81)120 |12 |0510) Vo | Va [317) Ve | 0501 Ve [1¥e | @3 139 (1.0 |15
%25 | 734|120 (12 |0387| % | we | 3068|3080 % |1 | o] 138 | 1.00 |11
«20.7| 6.08|120 |12 | 0282 5w | 3w [ 284 3 | 0801| Ve |1V | @ 130 0983|115

C10:30 | 881|100 | 10 | 0673 Mas| e | 308 3 | 0436 | T |1 1348 |0.924| 956
%256 | 735|100 |10 |0526( Y2 | Ve | 280 2% | 0436 T 1% | 0811| 056
%20 | B.AT|100 | 10 |0.379) ¥ | 3w | 274 | 2% | 0.436 | T 1128 |0.894| 956
%153 4.48|100 | 10 | 0240 Va | Vo | 280 2% | 0.436 | T 110 |0.868| 0.56

020 587 8.00 0448 Tie | Ve | 285 | 2% | 0413 | T 128 | 0.850| 8.50
Example <5 | 440] 9.0
«134 | 3.94| 900

0285 56 | ¥ | 240 2¥2 | 0413 | T 199 | 0.825| B.50
0233 Va | Vo | 243 | 2% | 0413 | Tee 7| 1% |0.814| 850
CB:18.78( 651( 8.00
«13.76( 4.03 8.00

0487 V2 | Ve | 253 | 2% | 0200 ¥ | e | eVe| 1% |0800| 761 439 [11.0 |282(13.0 | 1.97 [1.01 | 0.535| 0.565(2.17 | 0.344( 0.434 | 251 |3.06| 0.804
0.303| 56 | e | 234 | 2% 02900 | ¥ | e | 6Ye| 1363 | 0.774] 761 9.02(2.00(11.0 | 1.52 |0.848| 0,613 0.554(1.73 (0252 0,186 | 19.2 |3.26| 0.874

«11.5 | 3.47| 800 0220) Vo | Ve | 226 2% | 0200 | ¥ | e | eYe| 190 |0.756| 761 8.14(311| 063 1.31 |0.775| 0,623 0572|1.57 [0.211| 0130 | 165 [3.41| 0862

CT<1475| 4.33| 700

%12.25| 3.59| 7.00

0410 Te | Ve [230| 2% | 0386 Y | Te | SW| 1V |0.738| 663 14.75| 0441 272 | 778|251 0.75] 1.37 |0.972| 0,561 0532(1.63 | 0.300( 0.267 | 131 |275| 0875
0.314| 56 | e [ 219| 2% (0386 % | Yo | BYe| 1V |0.722| B3 1225/ 0538| 242 | B.02|250| B.46| 1.16 |0.808| 0,565 0.525(1.42 | 0.257( 0161 | 11.2 | 286| 0882

=08 | 287 700 0210 36 | Ve (200 2% (0966 % | Yo | SW| 1% |0.608| B.E3 98 [0647| 212 | 6.07|272| 7.19| 0.057|0.617| 0578 0.541(1.26 | 0.205| 0.0086) 915 |3.02| 0.845

C6x13 | 3.82| 600

%105 | 3.07| 600

0437 Tie | Ve [ 218 | Ve | 0343 | e | Ve | 43| 199 | 0.680| 566 13 |0.380) 173 | 578|213| 7.20( 1.05 |0.638(0.524| 0514(1.35 | 0,318 0.297 | 719 | 2.37| 0.858
0.314| 56 | Ye 208 | 2 (0343 | e | e | 43| 110 | 0.660| 5.66 105 | 0.486) 161 | 5.04|222| 6.18| 0.860(0.581| 0.520) 0.500(1.14 | 0.286(0.128 | 501 | 2.48| 0.842

=82 | 2.20| 600

[5:0 264| 500

0583|404 (638 |5.24(68.5 |11.0 (377 |0.865) 0799|814 (0490265 (492 5.49| 0.037
0767|348 (465 |5.43(57.5 | Q17 (334 |0.883) 0.778|6.84 (0392145 (410 5.71| 0.7
A5 (420 (5661|508 | 807 (309 (0.900) 0.758(6.18 | 0.332)1.01 | 358 5.84| 0.820

0.E18{162 |27.0 |4.20|33.8 | 512 |200 |0.762 0.674)4.32 | 0.367| 0.881 | 151 4.54| 0819
144 (240 (443(20.4 | 445 (187 (0.779) 0.674(3.82 | 0.306) 0535 (130 4.72| 0.909
128 (215 (461|256 | 3.86 (1.72 [0.707| 0.608(3.47 | 0.253) 0.360 (112 4.03| 0.200

0368|103 (207 |3.43(26.,7 | 303 (1.65 | 0.668) 0.640(378 (0441(1.22 | 795 |3.63) 091
0.494) @11 (18.2 |352(231 | 334 [1.47 |0.675) 0617|318 (0367|0657 | 68.3 |3.76) 0.912
0636 789 |15.8 |367|19.4 | 280 (1.31 | 0600 0606|270 | 0.294| 0365 | 569 |3.93| 0.900
673 |13.5 (388|150 | 227 |15 |0.711| 0634 (234 | 0.224) 0200 | 465 (4179|0824

609 1135 (322|169 | 24 |17 |0.640 0583|246 | 0.326) 0427 | 30.4 (346| 0.899
11.3 |3.40(136 | 1.97 (1.0 | 0.659| 0.556(|2.04 (0.245]0.208 | 31.0 |3.60| 0.882
10.6 |3.48(126 | 1.75 (0.054) 0.666) 0.601(1.84 (0.219(0.968 | 28.2 |3.79| 0875
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02000 36 | Ve [ 182 17 | 0343 | e | e | 43| 190 | 0.643| 566 &2 |0500| 131 | 4.35|234| 5.16| 0.687|0.488| 0.536| 0.512|0.087| 0.199] 0.0736) 470 |265| 0.824
0.325) 56 | Y | 180 | 17 | 0320 | B | Y | 3Ve| 1% | 0616 468 9 |0427| 8.80| 356|184 4.30| 0.624|0.444| 0.456) 0.478(0.013| 0.264/ 0109 | 2.93 | 2.10| 0.815

03 G2 03 63 e o fe fu o Jx N ON R R ) ey w0000 O

«67 | 147 500 0190 ¥6 | Ve [1.75| 1% (0320 | Bhe | s | 3Y:| — |0.584| 468 67 | 0552 T48| 2800195 3.55| 0.470(0.372( 0,480 0.454|0.757| 0.215| 0.0540( 222 | 2.26| 0.790
C4:7.25 | 2.13| 400 0.321| 56 | Ve [ 172 1% (0206 | Bhe | s | 2V:| 17 | 0563| 370 7.25|0.386) 458( 2.200147| 2.54| 0.425(0.337(0.447| 0.450|0.605] 0.266( 0.0817( 1.24 | 1.75| 0.767
«B626 | 1.77| 400 0247\ Va | Ve [ 185 | 1% | 0272 e | Wa | 2V2| — |0546| 3.73 6.25|0.434| 4.00| 2.00)150| 2.43| 0.245|0.284| 0.441| 0.435|0.560] 0.221) 0.0487| 1.08 | 1.79| 0.764
«54 | 158 400 0,184 ¥6 | Ve 158 | 1% (0206 | e | ¥a | 22| — |0528| 370 54 |0501| 385| 1.02|156| 2.20| 0.312(0.277| 0.444 0.457 [0.565] 0.231( 0.0599) 0.021| 1.88| 0.742
=45 | 1.38| 400 0125 Vo | e |15 1% | 0206 | e | ¥a | 2V2| — |0.524| 370 45 |0587| a85| 183|163 2.12| 0.280|0.265) 0.457| 0.493|0.531| 0.321] 0.0322| 0.871|2.01| 0.710
(e 1.76| 200 0356 ¥ | Y |80 | 1% (0273 | Y | Mae| 15| — |0519| 2.73 6 |0.322| 207| 1.38)1.00| 1.74| 0.300|0.263| 0.413| 0.455|0.543| 0.204| 0.0725) 0.462( 1.40| 0.0
%5 1.47| 300 0258 Yo | Ve [150| 1% (0273 | Y | We| 18| — |0.406| 2.73 5 |0.392) 185( 1230112 152( 0.241(0.228( 0,405 0.430(0.464| 0.245| 0.0425( 0.370| 1.45) 0.673
=41 | 1.20| 200 070 36 | Ve [ 14| 1% (0273 | Y | Ve | 19| — |0.468] 2.73 41 | 0461 1.85[ 1.10]1.18| 1.32( 0161 (0.196( 0,388 0.437 0.300] 0.262| 0.0260( 0.307| 1.53| 0.655
%35 | 1.09| 300 0132 Yo | e [ 17| 1% (0273 | Y | Y| 19| — |0.456| 2.73 35 |0403) 157( 1.04]1.20( 1.24| 0.160(0.182( 0.204| 0.443|0.364| 0.206| 0.0226( 0.276| 1.57| 0.646

9 The achual size, combination and odentation of Tastener components should be comparsd with the geomatry of the
cross sectian o ensure compatiniiity.
— Indicatas Mange Is too narrow 1o establish a workable gage.




Dimensions and properties
Table 1-6 in the
AISC Manual

Example ‘

Table 1-6 T: = i d)
_[:= MC-Shapes MC-Shape
AN Dimensions Properties
o | MC18-MC8
PMA
Web Flange Distance Nom-| Shear Torgional Properties
Area, | Depth, Average otk Axcis X-X Axis Y-Y
chkness, Width, ) inal | Cir, _
Shape | A a |™ & = Ty | miemness, | k| T | ae S Bl N gl _ J| €t | R
d fr age I [ 5 |r| 2| 1 [85]r|x] 2] % H
in2 in. in. in in. in. in. | in | in | in. | in bt in | int [in? [ | ind [ it |in® | in [in |in® [ in. [ int | inf |in
MC18:58 171|180 |18 | 0700| We| ¥ | 4.20|4Va | 06255 (1748 [15Va | 2V2 [1.35 [17.4 58 |0.BO5|ETS (750 |6.20(|054 (176 |5.28 [1.02 (08820107 (0474 |281 [1070  |6.56|0.044
%518 153 [180 [18 [0600|5% |S4e| 410 (4% |0625(% (17 135 |17.4 51.0|0.797 (627 |606 |6.41(87.3 |163 |6.02 [1.03 [0.558| 0.86 0424 (203 | 986  |6.70(0.020
#4658 135 [180 [18 |0500(ve | [400(4 |0B25|% |17 134 [17.4 45.8 | 0.000|576 |64.2 |655|70.2 (148 |477 |1.05 |0.856( 014 |0374 (145 | 807  |6.8T[0.033
w427 |126 [180 [18 [0450|%s |4 |305(4 |0625(% [1Ts 1.34 174 427 |0.060|554 [616 (684|751 (143 [484 107 |0.677| B.52 |0.340 123 | 852  |6.07|0.880
WEC13:50 147 130 |13 | 0787 | 36 | The | 4.41 [ 4% (0610 | % |17he | 10Va | 2V |1.41 [12.4 B0 |0.515(314 |48.3 |462|60.8 (164 |477 |1.06 [0.074[10.2 |0566 |206 | 558  |6.07|0.B75
i) 117 {130 |13 | 0560 %e | 546|410 |4Ya |0610| ¥ 1748 138 [12.4 40 |1.03 |273  |41.0 (482|512 (137 |424 |1.08 |0.063| 865 |0.452 (155 | 462  |532(0.8s0
%36 103 (130 |13 | 0447 | %6 | Ve | 407 [4%e [0810| %8 [17e 135 [12.4 35 |1.16 [252 |38.8 |4.95(465 |123 |3.97 [1.09 (0.980| B.04 (0306 (113 [ 412 |550(0.840
%31.8 035130 |13 | 0375| % |%e| 4004 |0610|5 |17 134 [12.4 .8 (124 (230 (367 |5.05[434 |11.4 |3.79 110 [1.00 | 7.60 (0360 (0937 | 380 |G.64|0.842
MC12x50 147 120 |12 | 0.835] 346 | Tha | 414 | 4Va | 0700 e [154s | 9 | 20 1.7 (1.3 50 |0.741(260 |440 (428|565 |17.4 (564 |1.00 |1.05 100 |0613 (323 | 411 |4.77|0.850
45 13.2 [120 |12 | 0710 e | ¥ | 401 |4 | 0700 e 154 1.35 |11.3 45 | 0844|251 |41.8 (438|520 (158 (530 |1.08 |1.04 [101 0550 |233 | 373 |4.88|0.851
Al 1.8 (120 |12 | 0500 %e | 56| 380 | 37 | 0.700| 1 | 154 133 (113 40 |0.052|234 (390 (446|477 (142 |488 |1.10 [1.04 | 9.31 (0490 160 | 336 |5.01|0B42
%35 103 (120 |12 | 0465 e | Ve | 577 3% | 0.700| 16 | 154 130 (1.3 35 | 107 (216 |38.0 (459|432 |126 [464 |11 |1.05 | 862 |0.428 (124 | 207 |518|0.831
*31 012|120 |12 | 0.570| ¥ | ¥is| 367 | e | 0.700| e 154 2 |1.28 |14 31 |17 (202|337 [471|30.7 {113 [437 1.1 |1.08 | 815 |0.426 (100 | 267  |5.34|0.822
MC12:14.3 418120 |12 |o2s0| e | Ve | 212 | 2Ve | 0213|546 | 30 (1002 | 1ve |0ET2[107 14.3 | 0.435| 761 127 (427|158 | 1.00 [0.574|0.480(0.577( 1.21 {0174 (0117 | 328 |4.37|0.985
MC1Z106° | 310 (120 [12 [0100|%e | Ve | 150 |1 |0200|6e | 30 |10 | — |0478[117 106 | 0.284| 553 | 022(4.22|116 | 0.378(0.307|0.340| 0.260( 0.635(0.120 (00506 117 |4.27|0.083
MC10411 (120|100 |10 | 0796 36| The | 4.32 | 43 | 0575 | %he 1548 | 7% | 2020 (1.44 | 9.43| (417 |0.854(157 315 |361(30.3 |157 |485 (114 |1.00 | 0.40 |0604 (226 | 260  |4.26|0.790
%336 0.7 100 |10 | 0575 %e | 51| 410 |4V | 0575 | e (1548 | 7% | 2%e0 [1.40 | o43| |336(|1.08 (130|278 |375(33.7 |131 |435 (1.5 |1.00 | 8.28 |0.404 (120 | 224  |447|0.770
%285 8.a7 1100 |10 | 0425 7s | Ve |205|4 | 0575 | % (1548 | 7% | 2ve0 (136 | 43| [285 |12 [126 253 |380(30.0 |11.3 |3.00 (1.6 [1.12 | 7.50 |0.410 |0700 | 193 |4.68|0.752
MC10:25 7.34100 |10 | 0380 % | %6 341 |3 | 0575 | % (154 | 7He| 22 (1.7 [ o043 (26 (108 (110|220 387|262 | 7.25 |2.06 |0.003|0.053| 6.65 |0.367 (0638 | 124  |4.46|0.803
%22 845100 |10 | 0.200| 5 | e 332 | 3% | 0575 | % (154 | 7% | 28 [1.14 | o43| |22 (112 (102 |205 |3.00(230 | 6.40 |2.75 |0.007|0.000) 5.20 |0.467 (0510 | 110 |4.62|0.700
M1 08,45 246|100 |10 | 0170 %e | Ve |1.50| 1% | 0280t | 34 | ale | — |0488| o2 8.4 0,332 31.9 | 639|361 782| 0.326(0.265|0.364|0.254| 0.548/0.123 00413  7.00 |3.65|0.072
6.5 1.05 100 |10 | 0182 Ve |V4e | 117 | 1%a | 0202 | %he | 8 | 87 | — |0.363[ 2.80 650182 22.0 | 450|3.43( 5.90| 0.133(0.137|0.262|0.184| 0.254|0.075(0.0191( 276 |3.46)|0.088
MC0:25.4 747 000| 904507 | Ve | 350 3ve | 0550 %e (1% | &Yz | 28 [1.20 | 8a45| |25.4 0986 &7.0 105 |3.43(235 | 757 |200 [1.01 |0.070| .70 |0.415 |0B@1 | 104 |4.08|0.770
%230 7.02| 0o0| o|o400| % |%s| 3453V | 0550 %e (1% | &Yz | 28 [118 | Bas| |23.9|104 | 849 1859 |348(225 | 714 |2.89 [1.01 |0.881) 551 |0.300 [0509 [ 980 |4.15|0.783
MCB:22.8 670 800| #0427 | Te | Ve | 3503V | 0525 e [1%ne | She | 28 120 | 7.48| |228)|104 | 638 159 |309[190 | 701 |28 [1.02 |1.00 | 637 |0.419 |05T2 | 752 |384|0.715
w214 628 a00| #0375 % | e 3453V | 0525 e [1%e | B | 28 (1.8 | 7.48| | 214|100 | 615 154 |313[18.2 | 658 |271 [1.02 |1.02 | 518 |0.462 [0405 | 70B |3@|0707
MCE:20 547! ao0| & od00|% |%e|zo0a|z |oso0|Ye (Ve | s%a| 28 103 | 750| |20 |0.843( 544 136 |3.04[164 | 442 |2.02 |0.867|0.840| 3.86 |0.367 [0.441 | 478 |3EE|0.770
#18.7 5500 ao0| #0353|% |%e|zos|3 |os00|te (Ve | 5% | 28 |10z | 750| | 1870880 524 137 |3.00[156 | 415 |1.05 |0.868|0.840] 3.72 |0.344 [0.380 | 450 |365|0.773
MC8xB.5 250 800 80479 %e | Ve |1.87 | 170 | 0211 | 5he | el &% | 1vee | 0624 7.60 85| 0542 233 | 582|3.05| 695 0.624]0.431|0.500|0.428| 0.875|0.156 [0.0567] 821 |3.24|0.010

# Shaps |5 slander far compresslon with £, = 35 ksl.
9 The actual size, combingtion and onantation of Tastenar components shoukl be camparad with the geometry of the

cross section to ensura compatibiity.

— Indicates mange Is too narrow to astablish & workable gage.
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Angle shapes: lintels to support brick cladding and block wall
cladding; members in trusses
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Dimensions and properties
Table 1-7 in the
AISC Manual

Example ‘

Table 1-7 Table 1-7 (continued)
T Angles Angles
[ i . -
[ Properties Properties LE-L&
Aot X-X Flaxural-Torsional Aodds Y=Y Aods I-1 0
k Wt Area, Proparties -~
$hape A I s r ¥ Z | W J Cw Ta Shape I 5 r X z X I 5 r Tan |F=3
o kei
in. | Wit |in2| n? [ n? [ in [ in | in? | in. | int inf | in. in! [ in? | in in. | in® | in in' | n? | in
Le<fiVe (134 |S80 [68 (981 (175 |241 [240 |36 |1.05 |713 |325 470 LBcBoci¥a | 081 (175 | 241 | 240 (318 | 105 |407 [120 |15 |1.00 |1.00
3l 1% (510 (151 (881 158 (243 |23 (285 (0044|508 |234 432 %1 801 15.8 243 | 236 | 285 0244 | 368 11.0 166 |1.00 | 1.00
wi (1 |450 (133 |77 (140 |245 |23 (253 (0831|348 |16.1 436 «¥ | 707 (140 | 245 | 2.3 |2653 | 0831|327 |00 | 157 |1.00 | 1.00
Wiy (13 |280 15 |eeo [122 |246 |226 (=220 |o719]2.7 10.4 430 ¥4 | 608|122 246 | 2.26 | 220 0710 | 285 8.0 | 157 |[1.00 [ 1.00
B |1 |327 | 960 (508 (103 |248 |221 (186 |0606)130 | 616 442 «Ho | BO6 (103 | 248 | 221 | 186 | 0606|242 772 | 158 |1.00 | 0007
«FE [1%6 |206 | 877 (542 | 033 [240 |210 (168 |054B|0081 | 455 443 B | 542 | 833 | 240 | 219 (168 | 0548|219 709 | 158 |1.00 | 0959
w2 (1% |284 | 784 (482 | 836|240 |217 [151 |0400|0883 | 323 445 «¥2 | 488 | 835 | 240 | 217 |151 | 0.400 | 108 f44 | 150 | 100 | 0012
LBcheel |12 | 442 [131 (809 151 (249 | 285 (273 [145 [434 [163 388 LBl | 36.8 g.g2 | 172 | 165 | 162 0819213 760 | 128 |0542)1.00
wia (1% (381 (115 |724 (134 |250 |260 [243 [143 |206 [113 3.00 x| 3480 | 704 | 174 | 160 (144 | 0719|180 671 | 1.28 | 0546 | 1.00
w3 |1 |28 |ooo (B35 (117 |252 |256 (211 (134 1m0 | 728 205 #¥ | 308 | 682 | 175 | 156 (125 | 0524 | 168 582 |1.20 | 0550 1.00
e (1% |285 | 841 (542 | 986 (254 |250 (178 |1.27 |112 433 188 A9 | 264 | 5BA | 177 | 151 (105 | 0526|141 491 | 1.20 | 0554 | 0.007
W [ 1We |257 | 761 (404 | 804 (255 |248 [1B2 |14 |0&23 | 320 3.09 e | 241 534 | 178 | 149 | 052 | 0476|128 445 |1.30 | 0556 | 0950
wWe (1 230 | 680|444 | 80 |255 | 246 |146 [1.20 |0B84 | 228 401 wV | 217 | 479 | 179 | 146 | B52 | 0425|115 348 |1.30 | 0557|0012
e | 1B4g | 202 | 5.00 (303 706 |255 243 128 |15 |0.308 | 155 40 «Te | 10.3 423 | 180 | 1.4 TED | 0374|102 35 1.31 | 0.650 | 0.850
LBt 1% |374 [110 (627 [140 [251 [303 [243 |245 |388 [120 375 LB (116 | 304 | 103 | 104 | 773 | 0604 | 783 | 348 | 0844 | 0.247 | 1.00
«Ta (1% |231 |o7o [e2e |125 [253 [2o00 (217 |241 |25 8.80 178 «¥g | 105 | 351 | 104 | 0897 | 677 | 0612 | 647 | 306 | 0848 | 0.252 | 1.00
« (1Y |287 | 840 (550 |09 (255 [204 (180 |23 |16 575 3.80 ¥ [ 037 | 307 | 106 | 0.040| 5B2 | 0531| 614 | 265 | 0850 | 0.257 | 1.00
S |1 |242 [ 716|470 | 020 |25 |z80 (181 |227 |0ess | 342 383 S | 81 | 282 | 106 | 0002 | 486 | 0448 | 524 | 224 | 0856 | 0.262 | 0.997
A [1he |210 | 640 (420 | 834 |257 | 286 (145 |[223 074 | 28 384 A | TA4 | 238 | 107 | 06TE | 430 | 0406 | 478 | 203 | 0.850 | 0.264 | 0.950
wla (1 106 | 580 (388 | 748 |258 |284 |131 |220 [osm | 180 186 «¥o | BT5 | 215 | 108 | 0854 | 301 | 0363 432 | 1.82 | 0,883 | 0.266 | 0912
wThe | 546|172 [ 511 342 | 650|250 |28 (116 |216 |0340 | 122 387 «he | 603 | 180 | 100 | 08209 | 342 | 0319 384 | 161 | 0.867 | 0.268 | 0.850
LT3 |1Va | 262 | 774 (378 | B30 |221 [250 (148 |1.84 |147 | 307 .31 Tkt | Q.00 | 301 | 108 | 100 | 580 | 0553 | 583 | 257 | 0855 | 0.324 | 1.00
S |1 221 | 650 |aza | 712 223 245 |125 |180 |oses | 237 334 WS | 770 | 28 | 110 | 0058 | 460 | 0464 | 481 | 216 | 0880 | 0.320 | 1.00
sl |1 170 | 526 (268 | 570 |225 |240 |102 [174 |o4se | 128 337 «Vo | GAB | 210 | 111 | 0M0| 377 | 0376 384 | 176 | 0.886 | 0.334 | 0965
e | B4g [167 | 463 [23p | 511 |226 | 238 gos 1171 loso | oes 3,30 «Me | 570 | 186 | 112 | 0886 | 331 | 0331 380 165 | 0.880 | 0.337 | 0.012
A | e (136 | 400|205 | 442 (227 235 | 780 167 o1 | osee | 240 «3 | 606 | 181 | 112 | 0861 | 284 | 0286 304 | 1.34 | 0673 | 0.339 | 0.840
Lk 2 |a74 10 |354 ags (170 188 |154 |0017| 268 0.94 118 LBz 364 855 | 1.70 1.86 | 1654 0917 | 14.0 ETD 1137 [ 1.00 [ 1.00
g |1%e |331 | e75 |39 7R (1.8 |18 (137 |0813]| 251 541 321 xMa | 3.8 T8 | 1.8 181 | 137 0813133 518 | 117 | 1.00 | 1.00
e |1Va 287 | 846 (281 | 654 |1.82 177 |19 [0708| 161 417 324 [ 281 GB4 | 182 | 177 MO 0705 16 463 | 137 (1.00 [ 1.00
S (1w (242 | 743 (244 564 (184 1172 |Ho4 0504 | 0055 250 198 S | 244 B4 | 1.584 172 | 104 0584 | 0.8 404 | 117 [ 1.00 | 100
«&6 |1he (210 | 645 |220 | 612 (185 | 170 | Q18 |05368|0.704 | 185 3.20 »g (220 | 612 | 185 | 170 | 018 | 0535 | 880 | 373 (118 |1.00 | 100
w1 105 | 577 |100 450 |18 | 187 2822 |0481| 0500 1.4 331 «V2 [ 108 480 | 186 | 167 B22 | 0481 | BOG 340 | 118 |1.00 | 1.00
«e | 846|172 | 508 (176 | 406 (186 [165 | 7.25 | 0423|0340 | 0800|332 «JiE [ 176 | 406 | 186 | 166 | 725 | 0423 705 | 305 |18 |1.00 | 0973
.- Ty | 140 | 438 |154 | a51 [1.87 | 182 827 (0365|028 | 055 334 x4 | 164 351 | 187 | 182 627 | 0.365( 621 269 | 1319 |[1.00 | 0912
B | V4e 124 | 367 (130 | 205 [1.88 | 160 | 526 |0.306|0120 | 0333 [335 e (130 | 205 | 188 | 160 | 526 | 0306 | 520 | 230 [119 |1.00 | 0.826

Note: For workable gages, refar fo Table 1-7A. For compaciness criterla, refer to Table 1-7B.

Nota: For warkabia gages, refar to Table 1-7A. For compactness criana, rafar to Table 1-78.
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Angle shapes




WT-shapes: brace members and top/bottom chords of trusses

W14 X 90 WT7 X 45



Dimensions and properties
Table 1-8 in the
AISC Manual

Example ‘

Table 1-8 Table 1-8 (continued)
WT-Shapes WT-Shapes
Dimensions Properties
WT22-WT20
Stem Hange Distance N Compact a Torsional
om- a A P riies.
Area,| Depth, Thickness, | ¢ Width, | Thickness, k Work- il Section Hocls X-X Axis Y=Y rope
Shape | A4 S el B i e || gy | OO Fem| 4 | @
! T | ks | ks | Gage o a1 ]S r[Flz]w |1 [s[r]z]|7, "
in2 in. in. in. | in? . in. in. | in. | in it | 260 | W |t | in? | in [ [ in?) i | int | n? | in | ind nt! | inf
WTZ21675°5 (402 220 |22 [1.03 [1 Y2 |226 |60 |16 |1.77 134 |256 |28 | She 1675|450 | 21.4 | 2170|131 | 663 | 553 | 234 |154 | 600 | 75.2|349(118 | 0824 | 372 | 438
#145F  |426 |21.8 |21%4|0865) T | T 180 |158 |15V |1.58 | 19 [2.36 |27 145 | 502|252 (1830|111 | 654|526( 196|135 | 521 | 65.8|349(102 (06| 254 | s
#1315 |385 |20.7 | 2158|0785 hs| T [17.0 |158 |15%a|1.42 | 1%e |2.20 |24 l 131 | 557|276 | 1640 | 004 | 653 (510 | 176 |1.22 | 462 | 58.6|347| 9048|0525 | 185 | 200
#1155 (330|215 |21%2 |0.710) Mae| ¥ [15.2 |158 |15%|1.22 [ 1Y [2.01 |2V 115 | 645|303 | 1440 | 88.6 | 653 | 517 | 157 |1.07 | 208 | 50.5|343| 783|043 [ 124 | 120
WT20h206.57 [67.2 (215 | 21V2 [1.70 [1'%.| SAe{385 [167 [16%a[323 |3V 441 |4 | T 2065 | 258|120 | 3310|209 | 616 | 566 | 379 | 261 |1280 (151 |380|240 (100 (221 |2M0
#2515" | 740 |21.0 |21 |1.64 | 1% | YAe|323 |16.4 |16% (276 | 2 |3.04 |4 2515|208 | 136 | 2730|174 | 607|538 | 314 | 225 1020 (124 |a72[167 [100 [138  |1400
%2155" |63.3 (206 | 208%(1.34 | 1% | "a|276 162 |16V4 (236 | 2 |3.54 |3 55| 344 | 154 | 2700|148 | 601|518 | 266 |1.05 | 843 [104 |365[164 [ 100 | 88z | 8@
185" |68.3 |205 |20%2|1.22 1% | S |250 |16 |16Ye|220 | 2w |3.38 |3 1085 | 366 | 168 | 2070|134 | 506 | 508 | 240 |1.81 | 771 | ©57|363[150 (100 | 708 | &77
#188" |B4T (203 |20% 1.6 |1%6 | S |23.6 |16 |16Ve|205 | 2Ve |3.23 |3 186 | 303|175 (1030|126 | 505|408 | 225|170 | 700 | 88.3|260[138 [ 100 | &7 | 588
181 532 (203 |20%a |12 |1V | %ne 227 |60 |16 |20 |2 |3a9 |3 181 | 399|181 (1870|122 | 582 | 491 | ;17 |166 | 61 | 8.3|360[135 | ogm | s42 | BN
#1625 |47.7 |20 | 20% |1.00 |1 Y2 201 |15.0 |15%e [1.81 | 1938 |2.00 | 3s 162 | 440|200 (1650|108 | 588 | 477 192|150 | 609 | 7B.6|357[119 | 0800 | 305 | 3
«1485° |436 |10.0 |10% |0.030| Yue| Y2 [185 158 |15V (1656 |18 |2.83 |2'5s 1485 | 480 | 21.4 | 1500 | 98.8 | 587 | 471 | 176 |1.38 | 546 | 60.0| 354|107 | 0824 | 305 | 2z
«1385° |40.7 |19.8 | 187 |0.830| "ms| T46 [16.5 158 | 157 |1.58 | 9% |2.76 |2 1385 | 503 | 230 | 1360 | 98.6 | 578 | 450 | 157 |1.20 | 522 | 65.0|a353|102 |o0s807| 257 | 218
#1245° | 367 [10.7 1034|0750 3% | %% [148 |168 |15%|1.42 |1%e |2.60 |2 1245 | G55 | 263 [ 1210 | 70.4 | 675 | 441 [ 140 | 116 | 463 | 588|355 | 008 | 0570 | 190 | 158
1075|318 |195 |10%2 |06s0| S | Swe 127 [158 |15%|1.22 | 1% [240 |24 1075 | 645 | 30.0 | 1030 | B8.0| 571 | 428 | 120 |1.01 | 238 | 505|354| 778| 0445 | 124 | 10
»005% 202 (103 | 10% (0650 % | G4 126 |158 |15%|1.07 |1 225 |25e | 005|730| 207 | 088| 665|581 | 447 | 117 |0020| 347 | 44.1|345| 682| 0454 o12| 835
WT20h106"  |57.8 (2008 | 209 (1.42 (1748 | ¥4 [204 [124 [12%|252 |2V 370 |3'%&| T 106 | 245|146 | 2770|153 | 627|504 | 275 | 233 | 401 | 640|264 (106 (100 | 854 | 7o5
«1BG5" (488 |20.4 |20%=(1.22 |1% | S |248 |122 |12%e|213 | 2% |331 |3 1855 | 266 | 16.7 | 1880 (128 | 621 | 574 | 23 |200 | 322 | 520|257 867100 | 525 | 484
#1BAEM (470 (2004 | 2082118 |1%6 | 5 [240 |21 |12¥e|213 | 2% |3.31 |3 1835 | 285| 17.3 | 1840|125 | 610 | 566 | 224 | 108 | 320 | 527|258 860( 100 | 514 | 440
147 431|202 | 20%|1.06 [1'e | % [21.4 [120 (12 |1.83 | 1% (311 | Fe 147 | 311|190 | 1630|111 | 614 [ 551 | 199 |1.80 | 281 | 467|2.585| 750 0040 | 382 | 3w
1366|410 |20 | 20% |1.08 |1 o |206 |120 (12 [1.81 | 1% |2.00 | 3s 138 | 3.31| 195 (1880|106 | 614|651 1 |17 | 261 | 435|252 6048 ( 0ge0| 324 | 28
#1325 |387 (200 |20 (0860 Yhe| Y2 102 110 117|173 [ |281 |3 132 | 345|208 | 1450 | 99.2 | 611|541 178|163 | 246 | 413|252 | 660 | 0854 | 279 | 233
#11T5° | 346 |10.8 | 10% |0.830 "hs| 46 [165 |11.0 | 117 |1.58 | 9% |2.76 |2 175|377 | 230 | 1260 | 857 | 604 | 517 | 153 | 145 | 222 | 373|254 00| 0607 | 206 | 156
#1065° | 311 |19.7 1688|0780 3% | % [14.8 |118 |11%|1.42 | 1%e |2.60 |26 1065 | 417 | 263 | 1120| 76.7 | 601 | 508 [ 137 |1.31 | 195 | 230|256 | 621 | 05/ | 152 | 113
#0155 | 267 |10.5 |10% |0.650) 52 | S 127|118 |11%|1.20 | %% |2.38 |2 15| 402|300 | 55| 657|508 | 407 | 117|113 | 165 | 28.0| 240 40| 0Mds5| oes| N2
#BA5 |245 |10.3 [10Vs|0650) B | Sh 125|118 |11% 103 (1 |2.21 |2 835 | 576|207 | #00| 63.7| 605|510 | 115|110 | 141 | 23.0| 240 3768|0454 | e00| 20
*TAE™ | 210 (191 10V |0630| e | B4 (120 (118 |11% (0830 Sss|2.01 |2V y 745|711 | 303 | 85| 07| 610|545 108 172 | 114 | 104|220 300| 0436 | 4B6| H10

© Shape Is slender for compression with £ =50 ksl.

¥ Aange thickness greater than 2 In. Spacial requirements may apply per AISC Spechicalion Secllon A3 1c.

" shear strength controled by bUCKING affacts (G < 1.0) with f= 50 ksl,

1l
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Plates and bars

/11/2" x 12" plate

lyzu

7

12"

EQ

175" dia. round bar

/ll/z" % 172" square bar

7

11/2n

1]/21!




Hollow structural section (HSS) and structural pipes:
Commonly uses for columns hangers, and braced-frame members.

e Nominal wall thickness = (0.25"

Design thickness = 0.233"
Nominal wall thickness = ().375" (1 N\
Design thickness = 0.349" \

(a) HSS 6 X 4 X % (b) HSS 4.000 X 0.250

6"

<



Manufacturing Process

Weld - Round, Fo'r,m - Square
'




Manufacturing Process

Form - Square, Weld - Square




Submerged Arc Welding
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Dimensions and properties
Table 1-11 in the
AISC Manual

Example ‘

Table 1-11

Rectangular HSS

Dimensions and Properties

Table 1-11 {continued)

Rectangular HSS

Dimensions and Properties

—
7 HSS20-HSS16
Design Rods XX Axis Y-Y Workable Flat Torsion
Wall | Nominal | Area, Surface
Stape | Tiok- | W | 4| er | owr [ s , 7 Shape / s | r | z |vepm|wian| ¢ | Mea
in. Ihit in2 in.! in? in. in? int in.? in. in.? in. | in. in.! in3 i
HSS20:12+5a | 0581 | 12737 | 350 177 a4 (1880 188 733 | 230 HSS2012:5E | 851 142 4930 | 162 173 | S%e | 1880 257 517
«Mz | 0485 | 10330 | 283 248 40.0 |1550 155 7.3 | 18a W2 |05 nr 499 |132 17 | 9% | 1540 208 5.20
« | 0340 | 7AE2 | 215 3.4 543 (1200 120 745 | 144 A |47 1.1 504|102 1854 | 10Bhs | 1180 160 523
Hhe | 0201 | BSAT | 181 38.2 657 (1010 1m 748 | 122 e | 464 73 | 50T 85.8 | 168%% | 10°0 | og7 134 5.25
HES20x8-5a | 0581 | 11036 | 203 10.8 N4 (1440 144 .89 | 185 HSS20mE:50 | 338 g46 | 334 064 | 17%6 | e | 916 167 450
«Mz | 0465 | BOEE | 246 14.2 400 [1180 1a 606 | 182 w2 | 283 708 | 339 | 795 |17 | 5% | TE7 137 453
«a | 0348 | 6231 | 187 19.4 543 | 026 el 03 |7 Wy | 222 GG | 344 615 | 168%6 | 6| 586 105 457
«Hhe | 0201 | 5736 | 187 245 657 | 7B TBE 707 | a6 «She | 180 474 | 347 G20 | 168 | 65 | 406 8.3 458
HES20:edclz | 0465 | T80T | 204 560 | 400 | B3B 83.8 .33 | 115 HES20kdsz | BBT 203 | 168 M0 |17 | — | 188 3.8 387
«fa | 0340 | 5310 | 160 845 | B43 | 857 657 642 | 803 Wi | 478 238 | 173 6.8 | 1686 | 25e | 156 48,9 340
Hhe | 0201 | 4886 | 134 0.7 657 | BED 580 645 | 756 e | 4.2 206 | 175 229 |18 | 250 | 134 424 3.02
«My| 0233 | 3943 | 108 14.2 ge8 | 458 4538 650 | &1.5 wifa | 343 171 1.78 187 | 18% | 2% | 111 347 303
HES18:5e | 0581 0334 | /7 733 | 280 | 923 108 600 (135 HSS518+6:00 | 158 527 | 248 610 [ 15%s | 2he | 482 109 3.83
WMz | 0485 | TROT | 208 Qa0 | 387 | 7T 856 6O7 | 112 WM (134 45 | 253 507 | 154 | 3% | 387 80.9 387
¥ | 0340 | 5810 | 160 14.2 486 | 602 6.0 615 | 8a4 A (106 365 | 258 35 | 165 | 45he | ame £0.5 340
e | 0201 | 4886 | 134 176 58O | 513 570 18 | 731 e | 913 04 | 281 235 | 16% | e | 257 58.7 3.02
My | 0233 | 3043 | 108 23 743 | 419 485 f22 | 504 M| T8 250 | 263 7.3 | 16% | 4% | 210 477 3.03
HES16-12+<5 | 0581 | 11036 | 303 177 245 (1080 138 600 | 185 HSS16:1 28 | 700 mr 480 |135 1399 | @%e | 1370 204 450
w2 | 0485 | BOGE | 246 23 a4 | o4 13 606 | 135 W | B8 068 | 486 1M 134 | 9 | 1120 166 453
¥ | 0348 | 6231 | 187 3.4 428 | 02 a7y 612 |14 Ay | 452 753 | 4m 855 | 145 | 108 | 862 127 457
+Hhe | 0,201 5736 | 187 382 520 | 505 744 615 | 877 »8he | 384 G40 | 404 722|148 (1R | TIT 107 458
HES16:85a | 0581 | 03.34 | 257 10.8 M5 | 815 102 5B | 120 HSS 16880 | 274 GBE | 327 | 792 |19 | Se| 681 132 2.3
WMz | 0485 | TROT | 208 14.2 M4 | 670 240 E70 | 108 M | 230 676 | 332 655 | 134 | 5% | 5E3 108 387
«¥a | 0348 | 5810 | 160 19.4 428 | &M 86,3 5TT | &2 W [181 4£3 | a7 B0.8 | 14%: | Efe | 438 834 200
e | 0201 | 4886 | 134 245 520 | 451 5.4 5A0 | 604 e | 155 287 | 340 | 430 | 14%% | 650 | 360 T0.4 3.02
Mo | 0233 | 3043 | 108 1.3 B57 | 368 461 6A3 | BAd4 w127 1.7 | 342 350 | 14% | 8% | 300 B7.0 303
HSS16:% | 0581 | 7833 | 210 388 | M5 | 53 67.3 506 | o HES 16480 | 541 270 | 160 25 | 1%8%| — | 174 B0.5 317
«Mz | 0485 | B246 | 172 BED | 3.4 | 45 550 518 | 773 W | 470 235 | 1885 74 |1¥4 | — | 180 507 3.20
«a | 0348 | 4780 | 132 845 | 428 | 360 450 523 | 802 Wy | 383 19,1 171 2.7 | 14%6 | 2% | 120 207 2.23
«Hhe | 0201 | 4035 | 114 0.7 520 | 308 8.5 527 | B1.1 «Sie | 332 166 | 173 185 | 145 | 250 | 1m0 33.8 225
My | 0233 | 3263 | 888 | 142 657 | 253 36 BAl | #T WMy | 37T 138 | 1.78 162 |14 | 27 | 852 276 .27
e | 0174 | 2473 | 676 | 200 ge.0 | 183 242 535 | a7 e | 215 108 | 1.78 M7 |15 | e | 655 211 2.28

Note: For compactnass critana, refer to Tablks 1-124,

dl

— Indicates fat dapth or width IS too smal to establish a workable fat.
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Dimensions and properties
Table 1-12 in the
AISC Manual

Example ‘

Iable 1-12

Square HSS
Dimensions and Properties

HSS16-HSS8
mﬂ“ Nom- (.. Work-|  Torsion Sur-
Thick-| imal ' I 5 r Z | able face
Shape ness,| wr | A | B Wt Fat | J | € | Area

f
in. | Wit | in? in' | 2 | in. | in? | in | int | in? | f¥R
HSS16x18 e (0.581|127.37|36.0 |245 245 1370 |171  |B625 (200 [13%.e |2170 (276 51T
«'n [0465|102.30(283 (314 |34 N30 |41 |83 |164 |13 (1770 |24 | E20
¥ (0340 7852|215 |428 |428 | 873 |00 |BAT |126 |14 1360 |171 | 623
«8e0201| 6587|181 520 |20 | 730 | 023 |B30 |106 [14%: (1140 |14 | B35
HSS14sc14:He (0581 | 11036 (303 211 |21 | 897 |126 | 544 |61 |11%e [1430 |20 450
«Vn (0.465| BO6B|246 |27.1 |27 | 743 |06 |B40 |124 |13 70 170 | 453
x¥e (0348 6831|187 (371 |37 | 577 | 825 |555 | 954 |12%.e | 900 |130 457
w8 0201 | 6736|167 |46.1 |451 | 400 | 600 |E58 | BOS (1282 | 760|100 | 458
H3512:12:80 (0581 0334|257 |17.7 [17.7 | 545 | 01.4 | 452 (100 03 | 886|151 3.83
«Vn |0.465| 76.07|200 |22.8 |228 | 467 | 762 |488 | BOG | T | 728|123 | 387
x¥g [0.340| 5310|160 |31.4 |314 | 357 | 505 |473 | 60.2 |10% | 661 W6 | 300
xWB(0.201| 48.86|13.4 |38.2 |382 | 304 | 50.7 |476 | 686 |10%: | 474 [ 707 | 3.2
wVa (0233 2043|108 |485 |485 | 248 | 414 |470 | 476 (107 | 384 | 645 | 303
«¥18[0.174| 2084| 815|660 |660 | 180 | 315 |452 | 36.0 |13 | 200 48.6 | 398
HES10:10:5e (0581 T6.33|21.0 [142 (142 | 304 | 608 | 380 | 732 | T3e | 408 (102 317
«\n (0.465| 62.45\17.2 |185 |15 | 256 | 512 |28 | 60T | T3 | 412 | 842 | 320
w¥e (0340 4700|132 267 |257 | 202 | 404 |292 | 472 | BB | 320 | 648 | 323
w0201 | 4035|111 |31.4 |34 | 172 | 345 |204 | 401 | 8% | 271 | B4B | 335
xVa [0233| 2263| 806|200 (300 | 141 | 283|297 | 327 | Ble | 220 | 444 | 327
x%18[0,174| 24.73| 6.76(545 (545 | 108 | 216 | 400 | 248 | 0%e | 167 33.6 | 3.28
HSSE::0, e |0.581| 67.62(|1687 |125 (125 | 216 | 470 (340 | 681 | 6% | 356 B1.6 | 283
x1 [0.485| B566|15.3 |16.4 |164 | 183 | 406 |345 | 484 | 634 | 208 674 | 287
w¥e (0340 4270|118 |22.8 |228 | 145 | 322 |25 | 378 | 79 | 231 | 621 | 2@0
«H8(0.201| 36.10| 002|270 |270 | 124 | Z7T6 |354 | 3271 | Thr | 108 440 282
«Va (0223| 2023 803|366 (366 | 102 | 227 |256 | 262 | 7% | 160 | 368 | 203
x¥18(0.174| 2218| 6.06|48.7 |487 | 782 17.4 | 350 | 200 | 8% | 12 1| 2.
«Vn (0118 1405 400|746 |746 | 535| 119 |262 | 135 | B | 820 | 183 | 207
HES8:8:50 |0581( 5032 (16.4 [10.8 |108 | 146 | 365 (200 | 447 | &34 | 244 B3.2 | 280
wVn (0465 4885135 |142 |142 | 125 | 312 |204 | 375 | 5% | 204 | 524 | 253
x4e (0.340| 3760|104 |10.0 100 | 100 | 240 [310 | 204 | 6% | 160 40.7 | 257
«86(0201| 31.84| 876|245 |245 | &56) 214|213 | 261 | 6% | 136 | M5 | 258
xVe [0.233| 2582| 710|31.3 |31.3 | TO| 17.7 | 315 | 205 | & | 1M 281 | 2680
«318(0174| 1063 537|430 |420 | 544 136 |218 | 157 | 74 | 845 | 213 | 282
xVa [0.118| 13.26| 362|660 |B6O | 374 034|321 (107 | 7ine| 573 ( 144 | 283

Noke: For compactness critana, refer o Table 1-124,

35



Dimensions and properties
Table 1-13 in the
AISC Manual

Example ‘

__Tahle 1-13 (continued)
und HSS

Ro
Dimensions and Properties
HS56.625-
HSS5
e Torsion
| inal | Area, I s | r| z

Shape news ¢ W A ot J e
in_| Ib/f | in? nt | m? [ mn | nd | in® | 3
H556.625:0.500 ( 0465 | 3274 900 | 142 4249 130 | 218 | 177 B5.8 | 258
«0432 | 0402 | 2860 ( 7.86 | 165 38.2 15 | 220 | 156 76.4 | 231
x0375| 0340 | 2506| 688 | 100 | 340 | 103 |22 | 138 | 880 | 205
«0312) 0200 | 2106 ( 579 | 228 201 .70 | 224 | 117 582 | 176
x0280| 0260 | 1899 | 520 | 255 | 264 | 7.96 | 225 | 105 | 527 | 158
«0.260| 0233 | 17.04| 468 | 284 | 239 722 | 226 | 9m | 478 | 144
x0188| 0174 | 1204| 353 | 381 | 184 | 554 [228 | 724 | 37 | 1
=01287 0116 860 | 237 | &1 126 379 | 230 4.92 251 758
H556:0.500 0465 | 20.40 | 208 | 128 nz 104 | 1868 | 143 G624 | 208
«0.375 | 0348 | 2255 ( 620 | 17.2 24.8 B.28 | 200 | 1.2 497 | 166
x0312| 0201 | 18987| 522 | 206 | 2.3 | a1 202 | 040 | 425 | 142
«0.260 0260 | 1712 ( 469 | 231 18.3 6.45 | 2.03 8.57 /T | 128
x0250| 0233 | 1537| 422 | 258 | 176 | 686 204 | 775 | /2 | 1T
x0188| 0174 | 1188| 318 | 345 | 135 | 451 [ 206 | 5O | 270 | 008
x0125'| 0116 | 785| 214 | 517 | 0928 | 300 [ 208 | 402 | 186 | 610
H555.563:0.600 (| 0465 | 27.08 | 745 | 12.0 244 B.77 | 1.81 121 458 | 175
«0.375) 0349 | 2080 ( 572 | 158 185 7.02 [ 1.85 9.50 3.0 | 140

«0.266 | 0240 | 1463 ( 401 | 232 142 512 | 1.88 6.80 285 | 0.2
x0188| 0174 | 1080| 205 | 320 | 107 | 38 [181 | 605 | 214 | 770
x0.134] 0124 798| 232 | 440 7.54 282 | 1.82 3167 157 5.64
H555.500k0.500 ( 0465 | 2673 | 7.36 | 11.8 235 BEs [ 1.79 | 118 4.0 | 171
«0.375) 0349 | 2055 ( 565 | 158 18.8 6.54 | 1.83 9.27 e | 137

«0.258 | 0240 | 1446 ( 387 | 220 137 5.00 | 1.86 6.64 275 | 100
H5S5:0.500 0465 | 2405 | 662 | 108 172 6.88 | 1.61 9.60 34 | 138
«0.375) 0348 | 1854 ( 510 | 143 138 5.5 | 1.6 7.56 2T | Ma
«0312) 0201 | 1564 ( 430 | 17.2 120 479 | 167 6.46 24.0 0.58
«0.268 | 0240 | 1308 350 | 208 10.2 408 | 1.60 5.44 20.4 815
«0.260) 0233 | 1269 ( 340 | 2156 0.94 3497 | 1609 5.30 19.0 19
«0.188 | 0.174 Q67| 264 | 287 7.6 a0 | 1.7 4.05 15.4 6.15
«0126| 0116 651 178 | 431 5.3 212 [ 1.73 277 10.6 425

1 5hape eocands compact IImit for flaure win F=421sl
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Cold-formed shapes

Channel

Stiffened
channel

Hat

L

—

Zee

)L

Sigma

|
Stiffened

Angle



Some types of steel decks

Composite deck floor system

. Conerete Concrete

3in

21in

o LST.LL

:Juck deck

Form deck floor system

/—Cnncrulc
N TN P I

LRI . B

- Concrete

in

16 . il I— in '
"»f'anlcﬂ by deck 16 Varies by deck
Tl'ldl"lU|cIC1Ul‘Ltr man uldclulcr

Roof deck system

Rigid insulation
i /
f//\\l* :
+ jﬁ N \(
6in Steel deck

(intermediate rib)
Dr. Ra' ed Al-Mazaidh
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Typical stress—strain diagram for a mild- or low-carbon
structural steel at room temperature

Elastic strain

14- -Plastic strain - »=<——S{rain hardening

:_ﬁ_-f-'lfppu:r yield /

i Lower yield

3
P
/

fe_
H\ A

Stress [

Strain G = “1:"')



Idealized stress—strain diagram for structural steel

5.—
(Ultimate tensile
strength)

B, —
(Yield point)

Stress

[

1

|
[

Elastic

£

o

Plastic

Strain hardening

EP
Strain, €

Dr. Ra'ed Al-Mazaidh
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Typical stress—strain curves

— | — _— Heat-treated constructional
alloy steels; A514 quenched
and tempered alloy steel

Minimum yield
strength
F_ = 100 ksi

High-strength, low-
/ alloy carbon steels;
AS5T2

I
I
I
I
80 Hi
I
!
I
I
I

(b)

Carbon steels;
A36 (a)

Stress, kips per square inch

20 F

] 1 1 L 1

0.05 0.10 0.15 0.20 0.25 0.30 0.35

Strain, inches per inch



Typical ratio of ¢levated temperature
to room temperature yield strengths

Effect of temperature on yield strengths

J

[
—
o

0g

(.6

=

(.2

1

O ———===0 AS514

® A58

o A992 A572

A6

)

200

400

Hiol

SO0 1000 1200
Temperature, °F

1400 1600

18010

2000



Steel Types

1. Carbon Steels:

i. Low Carbon Steel (Carbon < 0.15%)

ii. Mild Carbon (Structural) (Carbon 0.15%-0.29%)

iii. Medium Carbon Steel (Carbon 0.3%-0.59%)

iv. High Carbon Steel (Carbon 0.6%-1.7%)

* F, = 35-65 Ksi

» The Carbon steels A36, A53, A500, A 501,A529,A709,A1043
and A1085

2. High Strength Low Alloy Steel:

* F,=42-70 Ksi

» Corrosive resistance.

» The High Strength Low Alloy Steel are A572, A618,A709,A913,
A992, A1065

Dr. Ra'ed Al-Mazaidh

Applicable ASTM Specifications
for Various Structural Shapes

Table 2-4

F

F,

Applicable Shape Series

Yicld | Tensile HSS
Steel ASTM Stress®| Stress® £ = g
T_\'l) Desi g]mti() (ksi) (ksi) W M S HP C MC L é é =
A53Gr. B 35 60 —-
42 58
AS00 et ! 8
: 46 62 F
Carbon Gr.C = o
Gr. A 36 58
AS01
Gr.B 50 70
Aspoel G50 | 50 | 65-100
Gr.55 | 55 | 70-100
AT09 36 36 58-80°
36 36-52 58
A 5065 | 65
AL0SS| Gr.A 50 65
Gr.42 12 60
Grs0 | 50 65 -
AST2 | Gr.S5 55 70
Gr.60° | 60 75
Gr.65 | 65 80
(|Griaf &1 50¢ 70°
High- . Gr. 111 50 65
Strength 50 50 65
Low-
Alloy | A7 508 50-65 65
i S0W 50 70
50 50 65"
AU13 60 60 75
65 65 80
70 70 90
A002 50 65'
A10655 Gr. 500 50 60 H

B = Preferred material specification.

[[]=Other applicable material specification, the availability of which should be confirmed prior to specification.

[ ]=Material specification does not apply.

Footnotes on facing page.




3. Corrosion Resistant High Strength Low Alloy Steel :
* Fy = 50 ksi
» Corrosive resistance.

* The Alloy Steels are A588,A847,A1065 and Gr.50W

Table 2-4 (continued)
Applicable ASTM Specifications
for Various Structural Shapes

F F Applicable Shape Series
7 i HSS
Yield |Tensile =
Steel ASTM Stress? | Stress? ‘é = Ué‘
Typ Designatio | (ksi) | (ksij | W | M | S |HP| C MC| L | m‘:’ =
Corrosion AS88
Resistant
High- AB4T 50 70
Strength
Low-Alloy A1065% | Gr. SO0W | 50 70

[l = Preferred material specification.

[[] = Other applicable material specification, the availability of which should be confirmed prior to specification.
[ ] = Material specification does not apply.

* Minimum, unless a range is shown.

" For wide-flange shapes with flange thicknesses over 3 in.. only the minimum of 58 ksi applies.

® For shapes with a flange or leg thickness less than or equal to 1%2in. only. To improve weldability, a maximum carbon
equivalent can be specified (per ASTM A529 Supplementary Requirement 578). If desired. maximum tensile stress of
00 ksi can be specified (per ASTM AS529 Supplementary Requirement 579).

¢ For shape profiles with a flange width of 6 in. or greater.

® For shapes with a flange thickness less than or equal to 2 in. only.

f ASTM A618 can also be specified as corrosion-resistant; see ASTM AG1S.

& Minimum applies for walls nominally in. thick and under. For wall thickness over % in., F,= 46 ksi and F, = 67 ksi.

B If desired, maximum yield stress of 65 ksi and maximum yield-to-tensile strength ratio of 0.85 can be specified

~ (per ASTM A913 Supplementary Requirement 575).

' A maximum yield-to-tensile strength ratio of (.85 and carbon equivalent formula are included as mandatory, and some
variation is allowed, including for shapes tested with coupons cut from the web: see ASTM A992. If desired, maximum
tensile stress of 90 ksi can be specified (per ASTM AY992 Supplementary Requirement 579).

I The grades of ASTM A 1065 may not be interchanged without approval of the purchaser.

k This specification is not a prequalified base metal per AWS D1.1/D1.1M:2015.

Dr. Ra'ed Al-Mazaidh 44




Built-up sections

I?I

—

(a) Plate Girder

’Hk Spacer

(d) (2)-L6 X 4 X ¥

—_—

(b) Reinforced W-Section

—

—

~

(c) (2)-C12 X 25

(e) S12 X 31.8 with
C10 X 15.3 Cap Channel



Advantages of Steel as a Structural Material

a Steel exhibits desirable physical properties that makes it one of the most versatile structural material in use.

= Its great strength, uniformity, light weight, ease of use, and many other desirable properties makes it the

material of choice for numerous structures such as steel bridges, high rise buildings, towers, and other

structures.

= The many advantages of steel can be summarized as follows:
—High Strength

* This means that the weight of structure that made of steel will be small.
—Uniformity

* Properties of steel do not change as oppose to concrete.
— Elasticity

« Steel follows Hooke’s Law very accurately.



Advantages of Steel as a Structural Material

—Ductility

* A very desirable of property of steel in which steel can withstand extensive deformation

without failure under high tensile stresses, i.e., it gives warning before failure takes place.

—Toughness
« Steel has both strength and ductility.

—Additions to Existing Structures

«Example: new bays or even entire new wings can be added to existing frame buildings,

- [ Toughness is the
IIIIIIIIIII ability of a material
AL to absorb energy and

plastically deform
without fracturing

and steel bridges may easily be widened. A

Stress, o

Strain, €



Disadvantages of Steel as a Structural Material

= Although steel has all this advantages as structural material, it also has many disadvantages that make reinforced

concrete as a replacement for construction purposes.

= For example, steel columns sometimes can not provide the necessary strength because of buckling, whereas R/C

columns are generally sturdy and massive, i.e., no buckling problems occurs.
0 The many disadvantages of steel can be summarized as follows:
= Maintenance Cost

= Steel structures are susceptible to corrosion when exposed to air, water, and humidity. They must be painted

periodically.
= Fireproofing Cost

Although steel is incombustible material, however, its strength is reduced extremely at high temperatures due to

common fires.
= Fatigue

The strength of structural steel member can be reduced if this member is subjected to cyclic loading.



Design Methods

# Allowable Strength Design (ASD)
Allowable Stress Design prior to 2005

&

1

“working stress design”

_oad and Resistance Factor Design (LRFD)
imit states design”

—ailure condition is considered



# Allowable Strength Design (ASD)

required strength < allowable strength

@ Nominal Strength
;

- Factor of Safety

Required Strength
(ASD)



o Load combinations specified by the ASCE 7-16 Standard

D

D+ L

D+ (L, or § or R)

D + 0.75L + 0.75(L, or § or R)

D + (0.6W)

D+ 0.75L + 0.75(0.6W) + 0.75(L, or S or R)
0.6D + 0.6W

NN E W =

Dr. Ra'ed Al-Mazaidh
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# Load and Resistance Factor Design (LRFD)

required strength < design strength

Load factor 1

@ @‘\ Nominal Strength/
Re5|stance
Load

Required Resistance Factor
Strength 24
(LRFD)




o This method uses load factors to the loads or combination of loads

. 1.4D

2. 1.2D+ 1.6L + 0.5(L, or S or R)

3. 1.2D 4+ 1.6(L, or S or R)+(L or 0.5W)
4. 12D+ 1.0W 4+ L+ 0.5(L, or S or R)
5. 09D + 1.0W

6. 1.2D+E, +E;, + L+ 0.25

7. 0.9D -E, + E,

Dr. Ra'ed Al-Mazaidh
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Tension Members

» Tension members are axially loaded members stressed in tension

» They are used in steel structures in various forms; they occur as web and chord members in roof and

floor trusses, and as hangers and sag rods, diagonal braces for lateral stability, lap splices, and in
moment connections.

v

AEREEREREEREE

1]
7 0.5T e — = = M| — — \.| M
0.5T —~=— I : o -
. £ O O . 1 .
———tension in
—lemmn in . b
. o — octi ottom plate
bottom chord (c) lap splice (d) moment connection
. (b) truss chord
(a) sag rod &
- - p
——— . .
= P tension in brace
— = = . . . .
|_—HJ Il S~ [—tension in brace for this lateral
\ i /.(f_—?{{n‘ for this lateral load direction
suspended — A P S load directi
structure ] e S Oad direction =
\ E::,.-‘ ""‘-\-Lq.,_i .
R B AT N _ (e) Chevron brace
il T _“=‘;| —tension in (f) X-brace
i hanger
(e) hanger

Dr. Ra'ed Al-Mazaidh



Types of Sections used in steel tension members
v' Hot rolled Steel Sections: (W, S, WT, ST, C, L)

v’ Special Sections: (Flat bar, Rods and Cables)

v" Built up Sections:

@ ————/

Round bar Flat bar

I

Angle Double angle Structuraltee  Channel  Built-up section Built-up section Box section

i e e — —

e T P —

Built-up section Wor S L Il_ _i‘

Built-up section Box section

Dr. Ra'ed Al-Mazaidh
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Failure modes and analysis of tension members

s For members subjected to tension, the two most basic modes of failure are:

1. Tensile yielding on the gross section.

2. Tensile rupture at the net section.

» Tensile yielding occurs when the stress on the gross area of the section is large enough to
cause excessive deformation.

» Tensile rupture occurs when the stress on the effective area of the net cross-section is large
enough to cause the member to fracture or rupture (perpendicular to the tension force), which

usually occurs across a line of bolts where the tension member is weakest.




Yielding failure in Tension member

Dr. Ra'ed Al-Mazaidh
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Rupture failure in Tension member

Dr. Ra'ed Al-Mazaidh
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Tensile Yielding on the Gross Section:

Failure occurs in this mode by tensile yielding of the member at the gross cross-section. In the LRFD

method, the ultimate tension capacity or design tensile strength, @P,, for the failure mode of tensile yielding in

the gross section is given as

Part 16 (AISCM)
— th
0P, =0, F,A,. | Eq.(D2-1)....AISCM-15% ed.

CHAPTER D
where DESIGN OF MEMBERS FOR TENSION
o, = 0.90,

. . . This chapter applies to members subject to axial tension.
RI‘ - NDmlnal tEHSIIE YIEId Strength - F}'Ag The chapter is organized as follows:
F = Minimum yield stress, and DI.  Slenderness Limitations
Y . . D2. Tensile Strength
A, = Gross cross-sectional area of the tension member. D3. - Effective Net Area
. uilt-Up Members
D5.  Pin-Connected Members
D6.  Eyebars

Dr. Ra'ed Al-Mazaidh 13



Tensile Rupture in the Net Section

Failure occurs in this mode by tensile yielding of the member at the gross cross-section. In the LRFD method,
the ultimate tension capacity or design tensile strength, @B, for the failure mode of tensile yielding in the gross

section is given as

Opl, = 0pF, Al Eq. (D2-2)....AISCM-15t ed.

where

og = 0.75,

P, = Nominal tensile strength in fracture or rupture = I, A,,
F, = Minimum tensile strength, and

A, = Effective cross-sectional area of the tension member.

The design tensile strength of a tension member is the smaller of the two expressions (yielding and

tensile strengths)

oP, > P

n L

Dr. Ra'ed Al-Mazaidh 14



Gross cross-sectional area (A,), Net Area (A,)

» The gross cross-sectional area (Ay) of a tension member is simply the total cross-sectional area of the
member.

» The net area ( A,,) of a member is the sum of the products of the thickness and the net width of each element.
(a) (b)

An - Ag - Z AhUlEH! ’_— ’_’

T :

Z"Flhl'}lr;'s — n{db T rrE’]'t B
O O ]

n = Number of bolt holes along the failure plane (perpendicular to the tension force),

d; = Bolt diameter, and
t = Material thickness (a) net area (b) gross area

1. The long used practice was to

punch holes with a diameter 1/16 1 1 1
What is the (1/8) in the equation? E;;Lat;grer than that of the bolts jweemp —+ - =¢

2. Punching damages 1/16 inch
more of the surrounding metal.

Dr. Ra'ed Al-Mazaidh 15



Example :

ll B 6 6 B Two I.ines
B i | > of%in. {_»p,

: e 66 e bolts.

1 .
15 o Paxsm PL2 X 8in
? U r"‘\_f"‘\_/"‘\_r"‘\ | / ,
_)..
2 i
\PL%XSin

> Ay = (gin.) (8 in.) = 3 in®.
A”f - AE’ _ZAhUlEH’ Z 4"hulr;u:'. n db + ’B )t

>An=(8 )(8m)—2( in.+= m)( )=2.34in2

Dr. Ra'ed Al-Mazaidh
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Staggered Holes

2
S

A1g

where

s = Longitudinal center-to-center spacing or pitch between two consecutive holes, and ==

A

g = Transverse center-to-center spacing or gage between two consecutive holes.

The failure plane ABCDE has two diagonal failure planes:

BC and CD. The expression for the net width then e
becomes: ,
g2
W, =Wy —2.dy +2 iz’ ke
Where:
w, = Net width,

w, = Gross width, and
d, = Hole diameter.

Multiplying the equation by the thickness of the member yields

2
S

P o 5
wnt_wgt ;df!t+f_ t.

4g

Since A= W, tand A ;= W t, the equation can be simplified as follows:

Dr. Ra'ed Al-Mazaidh
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Example :

Determine the critical net area of the 1/2-in-thick plate shown : ‘?
2L in ) |
Diameter of bolts = 3/4 in. 1 (bB
I\
3in L5
: ! | L X
Solution: <«— 1lin ¢ Q\ | <
"_:72 3 ln j : \\\\ E
— Y S | h
A, =A, f__thZMt Y —0 }
= 21 in ] ip g
Y Y | |

t_l' =
—Zm. h_

3
4 n.
1
ABCD = (11 in)(E in) ( )(— in) = 4.63 in’

INAY 1.y, G in)” (1
ABCEF = (11in) > in 5 = 4.56 in® «— Critical section (smallest area)

TIGin)\2
ABEF = (11 in)(-;— in) (

i) EBE1a) -

Dr. Ra'ed Al-Mazaidh 18

OOI*-.]

00|‘=-1

00|'-J



Example :

Determine the net area of the W12X16 shown below, assuming that the holes for 1-in bolts

A 1-26 DIMENSIONS AND PROPERTIES
A | Ny | 34\_ ) : )
mn
7 Y é
W12 x 16~ {4 A B ;
3in 1 L .
d=12.00in| ¢,=0220in "} ! ele . Table 1-1 (continued)
. ¢ W-Sh
- apeS
R i e
J 3in ' Dimensions
\ [ ] ¥ { |
E
Lbf =3.99 in»‘ o Web Flange Distance
mn Area, | Depth, Work-
Shape A Thickness, j'_w Width, Thickness, K K 7 | able
b 2 by It Kaes | Kaet Gage
in2 . In. In. in. In. in. [ In. | In. [In.| In
Solution . W12x58 17.0 [12.2 [12V4|0.360| 3= | % |10.0 10 0.640| 5s |1.24 |11 186| OYs | Bl
* 3 3 ] 3 15 1 1
x53 158 (121 |12 (0,345 e 16 |10.0 (10 0.575] %e |1.18 |1° M| 94 | B2
‘-;2 W12x50 146 (12.2 |12%4|0.370| %= | 3He | 8.08|8%e |0.640( %: [1.14 |11 15/45( 9a | 52
A=A -Ydit+ Z‘_t x45 | 131 (121 |12 |0.335| 516 | 346 | 8.05|8  |0.575 %1 [1.08 196 | 1546 * #
g 4;{ x40 11.7 [11.9 (12 |0.295| 546 | 346 | 8.01|8 0515| Y2 |1.02 (1% | e
- W12x35°% | 10.3 |12.5 |12Y2(0.300| 54e | 3As | 6.56| 62 [0520| Yo |0.820|134s | 34 (10| 3%
*30° 8.79(12.3 |12%4(0.260| s | Vo | 6.52[6Y%2 |0.440| 7he |0.740|1Ve 3y % +
ABDE 4 71 ) 2 1 1\ . 0 22 i 4 21 ) *26° 785(12.2 |12Y4|0.230] Vs | Vo | 6.49|6Y2 |0.380| s |0.680|1Y.s | 34
_ b in- — + g n. ( ' ln') - ' in-. Wi2x22° 6.48(12.3 |12Vs|0.260| s | Vo | 4.03[ 4 0425| The |0.725| 5nd S |103/z| 2148
*19°¢ 5.57/12.2 [12Ve0.235) Y4 | Ya | 4.01|4 0.350( ¥s |0.650 e | Ye
»16° 4.71(12.0 12_%2[} 13 g w 4 0.265| 114 U@ 1373 8 L
w145 4.16(11.9 [117%:(0.200] 3Hs | Vo | 3.97( 4 0.225| 4 |0525] 34 | %s

02
471in? = 3(141) in. (022 in.) + (2) 1

ABCDE ,
4(3in)

(0.22 in) = 4.11 in®. «— Critical section (smallest area)

Dr. Ra'ed Al-Mazaidh

19




Effective Area, A4,:

The effective net area, A, of a tension member is a product of the net cross-sectional area which accounts for

the presence of bolt holes, if any, at the critical section, and the shear lag factor, U

p

where
A, = Net cross-sectional area of the tension member, and

U = Shear lag factor.

Dr. Ra'ed Al-Mazaidh 20



Shear lag factor (U)

Shear lag in tension members is a phenomenon that occurs due to the non-uniform axial tension stress

distribution at the connections of the tension member because all of the elements of the tension member are not

connected or attached to the supporting member or gusset plate, such as a single or WT member.

Shaded area not

directly connected
and has lower stress

Pt

Dr. Ra'ed Al-Mazaidh
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Table D3.1 of the AISCM gives the values of the shear lag factor, U, for various connection configurations

TABLE D3.1
Shear Lag Factors for Connections
to Tension Members

Case Description of Element Shear Lag Factor, U Example

1 | All tension members where the tension load is trans-
mitted directly to each of the cross-sectional elements U=1.0 —
by fasteners or welds (except as in Cases 4, 5 and 6)

2 | All tension members, except HSS, where the X
tension load is transmitted to some but not all of —
the cross-sectional elements by fasteners or by '
IonFitudinaI welds in combination with transverse U=1 ]
welds. Alternatively, Case 7 I1s permitted for W, -

M., S and HP shapes. (For angles, Case 8 is
permitted to be used.) _% | ET-_..;._

IR

Pl
|

~|xI

—
¢ L
———

x= Distance between the centroid of the connected member and the connection plane.

[ = Connection length measured parallel to the tension load (for bolts, it is the out-to-out distance between
extreme bolts).

Dr. Ra'ed Al-Mazaidh 22



O O O

N

L

=]

Determination of xand ¢

P =
]

——
ar |
~—treat as a
WT shape
Ry



+
[ :M, where [y and [z shall not be less than 4 times the weld size.

2 7
4lal | Plates, angles, channels with welds at heels, tees, / 2
and W-shapes with connected elements, where | )—L

the tension load is transmitted by longitudinal 372

welds only. See Case 2 for definition of x. U=

| |

T LPlate or

connected

element

z.

Round HSS with a single concentric

gusset plate through slots in the HSS.

X =

D
T

1>1.3D, U=1.0
D<1<1.3D, U=1—%

7\

Ny

D
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6 |Rectangular HSS. | with a single concentric I>H U=1-%X | H |
gusset plate / p <
- B2+2BH % ]5
- 4B+H) \ 2
with two side gusset plates IsH Ui X -t
> H, ! .

2 | ]

. . 2
7 |W-_M- S-or HP-_|with flange connected with bs>—=d, U=0.90

shapes, or tees cut| three or more fasteners per 3

from these shapes,| line in the direction of Toading 2 B
(If Uis calculated bf< 3 d, U=0.85

per Case 2, the " | ted with f

'afqe" value is per- or more fasteners per line in U=0.70 -
mitted to be used.) | the direction of loading

B = overall width of rectangular HSS member, measured 90° to the plane of the connection, in. (mm); D = outside diameter of
round HSS, in. (mm); H = overall height of rectangular HSS member, measured in the plane of the connection, in. (mm);
d = depth of section, in. (mm); for tees, d = depth of the section from which the tee was cut, in. (mm); [ = length of connection,
in. (mm); w = width of plate, in. (mm); X = eccentricity of connection, in. (mm).
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Single and double
angles.

(If Uis calculated
per Case 2, the
larger value

IS permitted to

be used.)

with four or more fasteners per

line in the direction of loading U=0.80
with three fasteners per line in

the direction of loading (with

fewer than three fasteners per U=0.60

line in the direction of loading,
use Case 2)
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Example :

For the bolted tension member shown below, determine the shear lag factor, U; the net

area, A ; and the effective area, A,.

Solution

From the section property tables in part 1 of the AISCM, we find that for an L5 X 5 X 3/8,

x =1.37 1n.

[ ¥ - 2
Ag = 3.65 1n.

Total length of the connection (1.e., distance between extreme bolts), { = 9 in.

Shear Lag Factor: See next slide

. X
U 21—7 Case 2
_q L3Tme e
9 1n.

Alternatively, U = 0.80 from Table D3.1 The larger value of U = 0.848 can be used.

Case 8 (a)

Dr. Ra'ed Al-Mazaidh
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All tension members, except HSS, where the
tension load is transmitted to some but not all of
the cross-sectional elements by fasteners or by

longitudinal welds in combination with transverse U1 _ X
welds. Alternatively, Case 7 is permitted for W, - I
M, S and HP shapes. (For angles, Case 8 is
permitted to be used.)
Single and double | with four or more fasteners per U=0.80
angles. line in the direction of loading :
(If Uls calculated 1\t e fasteners per line in
per Case 2,the |y direction of loading (with
larger value fewer than three fasteners per U= 0.60

is permitted to
be used.)

line in the direction of loading,
use Case 2)
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Net Area of the Angle:

At any critical section where rupture may occur perpendicular to the tension load, there is only

one hole. Therefore, the net area 1s

An- - Ag - ZAholcs

3 1

=3.65—-(1) 2's (0.375) = 3.32 in.?

Effective Area:
A, =AU

=(3.32)(0.848) = 2.82 in.”

Table 1-7 (continued)

Angles
Properties
Axis X-X Flexural-Torsional Axis Y-Y Axis Z-Z 0
Area Properties
k Wt. ' - - _

Shape 1 5 r y z Yo J Cw fo Shape I S5 r X z Xp I 5 r Tan |F,=36

o ksi

in. |b/t| in? | in* | in® | in in. | in® | in. | in? in8 in. in | in? in. in. in2 in. in.* in? in.

Lexdxfs |13 |27.2 | 8.00 |27.7 713 (186 (212 |127 143 |2.03 4.04 2.82 L6347/ 970 | 337 | 110 112 6.26 | 0.667 | 5.82 2.91 0.854 | 0421 | 1.00

> [1Ys | 236 | 6.94 |245 623 188 |207 (1141 1.37 |13 264 285 %34 863 | 29 | 112 1.07 542 | 0578 | 5.08 2.51 0.856 | 0.428 | 1.00

> [1% |20.0 | 586 |21.0 529 189 |203 944 |1.31 (0775 159 288 *5/g 748 | 252 | 113 1.03 456 | 0488 | 4.32 212 0.859 | 0.435 | 1.00

x%s | 11e (181 | 531 [19.2 481 190 200 859 |1.28 |0572 1.18 290 «Y5| 686 | 229 | 114 1.00 413 | 0443 | 393 1.92 0.861 | 0438 | 1.00

xif2 |1 16.2 | 4.75 |17.3 431 191 1.98 771 | 1.25 (0407 0.843 291 /2 622 | 206 | 114 0981 | 3.69 | 0396 | 354 1.72 0.864 | 0.440 | 1.00

e | 19hs [14.3 | 418 |154 3.81 |192 [1.95 681 |1.22 |0.276 | 0575 293 x| 556 | 1.83 | 115 | 0957 | 3.24 | 0.348 | 3.14 1.51 0.867 | 0.443 | 0973
>3fa s (123 | 361 (134 3.30 193 |193 589 | 119 (0177 0.369 294 x¥g 486 | 158 | 1.16 0933 2.79 | 0301 | 273 1.3 0.870 | 0.446 | 0912
>5he | 348|103 | 3.03 |11.4 277 (194 190 496 | 115 |0.104 | 0217 296 e | 413 | 1.34 | 117 | 0908 | 2.33 | 0.253 | 2.3 110 | 0.874 | 0.449 | 0.826

L6322 |1 153 | 450 |166 423 (192 207 749 | 150 |0.386 0.779 2.88 L6x3Y2x1/2 424 | 159 | 0968 | 0829 | 288 | 0.375| 259 1.34 0.756 | 0.343 | 1.00
>3fg s |11.7 | 3.44 |129 3.23 1193 |202 574 | 141 |0.168 | 0.341 290 x3g 333 | 122 | 0984 | 0.781 | 218 | 0.287 | 2.01 1.02 | 0.763 | 0.349 | 0912
>8hs | Bhs| 9.80| 2.89 |10.9 272 1194 | 200 484 |1.38 (0.0090 | 0.201 292 x| 284 | 1.03 | 0991 | 0756 | 1.82 | 0.241 | 1.70 0.859 | 0.767 | 0.352 | 0.826

L5x5xfs | 1% |27.2 | 8.00 |17.8 516 | 149 | 156 9.31 | 0.800|2.07 353 264 L5x5x7g | 17.8 516 | 149 1.56 931 | 0.8B00 | 760 3.43 0971 | 100 | 1.00

>3 [1Ys | 238 | 698 |157 452 |150 |152 814 | 0.698(1.33 232 267 ¥4 | 157 452 | 150 152 8.14 | 0698 | 655 3.08 0972 | 100 |1.00

»5 |1 |20.0 | 590 |13.6 3.85 | 152 |147 6.93 | 0.590(0.792 1.40 270 % | 136 385 | 152 147 6.93 | 0590 | 562 2.70 0975 | 100 | 1.00

X2 |1 16.2 | 479 [11.3 315 | 153 [1.42 566 | 0479|0417 | 0.744 273 <2 | 11.3 315 | 153 | 142 5.66 | 0479 | 464 229 | 0980 |1.00 |1.00

xhe | 158 |14.3 | 4.22 |10.0 278 154 |1.40 5.00 | 0.422 | 0.284 0.508 2.74 x| 10.0 278 | 154 5.00 | 0422 | 4.04 2.06 0983 | 1.00 | 1.00

<3y 7 [12.3 |B.65)| 8.76 | 241 | 1.55 ‘ :: Ez 433 | 0.3650.183 0.327 2.76 *¥g 8.76 | 2.4 1.55 é 4.33 | 0.365 | 355 1.83 0.986 | 1.00 | 0.983

I S — __ -
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Example :

For the welded tension member shown below, determine the shear lag factor, U; the net
area, A ; and the effective area, A,.

6'”

—i

4"
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Solution

Shear Lag Factor:

) . 61n.+41n. .

The average length of the longitudinal welds, ¢ = - 5 T 5in.
[J=1- E Case 2

[

1.37 1

B L T
D 1n.

There 1s not an alternate value to use from TableD3.1 g0 U = (.726.

Since there are no holes, A, = A, = 3.65 in.”.
Effective Area:
A, =AU

= (3.65)(0.726) = 2.65 in.”

Dr. Ra'ed Al-Mazaidh
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Example :

Determine if the channel is adequate for the applied tension load shown below. . The chan-
nel is ASTM A36 steel and is connected with four EXB-in. diameter bolts. The tension member is
subjected to service dead and live loads of 28.5 kips and 25.5 kips, respectively. Neglect block
shear.

]k’?" 1’1‘6”

A S
~

™~

X py

— +PL = ?Snk

o o \ Ph= 28.5k
1| P, = 25.5k —

-
-—

|I Lt

!
lI —(C8x11.5

o
T/
R

End view

\_
A" gusset plate
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Solution Taple 13
C-Shapes
From the AISCM, Table 1-5: Dimensions
2
A =3.371n.
& Web Flange Distance
— Average Work- | .
X = D 572 Thickness, % Width, Thickness, | & o s | M
tw by ir Gage
. In2 In. In. In. In. In. [ | | .
Ew =0.220 1n. C15x50 [14.7 [15.0 | 15 |0.716| s | %o | 372 | 3% |0650| %6 | 17hs |12%| 2V |17 [14.4
x40 |118 [150 | 15 |0520| Y2 | s | 352 | 3%2 |0.650| % | 176 |12%| 2 [1.15 |14.4
From the AISCM Table (2_4) %33.9(10.0 |15.0 | 15 [0.400| ¥s | %5 |3.40| 3% | 0.650| 5% | 17ms |[12Ys| 2 113 144
C12x30 | 881120 | 12 | 0510 2 | ¥ |317| 3Vs |0.501| 2 | 1Va | 9%a| 1340 |1.01 [115
F =36 ksi x25 | 7.34[12.0 | 12 |0.387| % | %s|3.05| 3 | 0501| Y2 | 1% | 9% 1% [1.00 |11.5
v 51 x20.7| 6.08[12.0 | 12 |0.282| 5he | %5 | 294 | 3 | 0501| V2 | 1% | 9% 1%49 0983|115
) ) ) c10x30 | 881100 | 10 | 0673 "s| % |303| 3 |0436| s | 1 8 | 1% |0924| 956
F =58ksito 80 k=1 (use F =hK”& kSl) x25 | 7.35(100 | 10 |0.526| Y2 | Va | 289| 2% |0.436| 7 1 | 8 | 1% |0.911| 9.56
u u x20 | 587(10.0 | 10 |0.379| % | %s | 274 | 2% | 0.436 | ¥1s |1 8 | 1v0 |0.894| 958
x15.3| 4.48[10.0 | 10 |0.240| Ys | Y2 | 260 | 25 | 0.436 | s | 1 8 | 1Y0 |0.868| 9.56
Net Area of the Channel: Cox20 | 5.87| 0.00| 9 |0.448| s | Y4 | 265| 25 | 0.413| The | 1 7 | 120 |0.850| 8.59
x15 | 4.40| 9.00| 9 |0.285| 5hs | %s | 249| 2Y2 |0.413| s | 1 7 | 139 |0.825| 8.59
A A A x134 | 304 000| 90233 Y | Ve |243| 2 |0.413] s | 1 7 | 199 |0.814| 859
n ‘g E I, holes 08x18.75| 551| 8.00 8 |0487| Yz | ¥s |253| 22 {0390 ¥ | 5hs| 6Ye| 122 |0.800| 7.61
x13.75| 403] 8.00| 8 |0.303| s | %s | 234 | 2% [0.300| ¥s | T94s | 6Ye| 139 |0.774| 761
5 1 x11.5 |(3.371)8.00| 8 |0220| s | e | 226 2V |0.300| ¥ | T94s| 6Ye| 139 |0.756| 761
=2
=3.37-|(2)| g +5(0220) |=3.04 in
_ Torslonal Properties
“:'::I sgf:" Axls X-X AXls Y-Y
- ' -
Effective Area of the Channel: Wl e 5Tz T TsT TR zT%] " | ™ | " A
. it . | n* |mE || m2 | m* {m2|m | |[m*|mn|n*| nf |n
From Table D3.1 he shear ]ag factor 18 [y [ossalmos [596 [524]6a5 (110 (577 08650790814 |0.00] 265 |40z |540]0057
40 |0767|348 |46.5 |5.43|575 | 917 |3.34 |0.883|0.7786.84 0392|145 [410 |571|0.927
X 339 | 0896|315 [42.0 |561|50.8 | 807 |3.00 |0.901|0.788/6.19 |0.332|1.01 [358 |5.94|0.920
U=1-=— Case 2 30 |0618[162 |27.0 |4.20338 | 5.12 |2.05 |0.762|0.674|4.32 |0.367|0.861 [151 | 4.54|0.919
¢ 25 |0746[144 |24.0 |4.43(204 | 445 |1.87 |0.779|0.674/3.82 |0.306|0.538 [130 | 4.72|0.909
207 0870129 |21.5 |461|256 | 3.86 |1.72 |0.797|0.698|347 |0.253|0.369 [112 | 4.93|0.899
0.572 1. 30 |0.368[103 |20.7 |3.43|267 | 393 |1.65 |0.668|0.649|3.78 |0.441|122 | 795 |363|0.921
=1-——=0.857 25 |0.494| 911 [18.2 |352|23.1 | 3.34 |1.47 |06750.617|3.18 |0.367|0.687 | 683 |3.76|0.912
4 1n. 20 |0636| 789 158 |367[19.4 | 2.80 |1.31 |0.690|0.6062.70 |0.294|0.368 | 569 |3.93|0.900
153 |0.796| 67.3 [13.5 |3.88[159 | 227 |1.15 |0.711|0.634|2.34 0224|0200 | 455 |4.19|0.884
AL, = AnU 20 |0515| 609 [13.5 |322[169 | 241 |1.17 |0.640|0.583|2.46 |0.326|0.427 | 39.4 |3.46|0.899
15 | 0681| 51.0 [11.3 |3.40[136 | 191 |1.01 |0659|0.5862.04 |0.245|0.208 | 31.0 |3:69|0.882
9 134 |0742| 47.8 [10.6 |3.48[126 | 175 |0.954|0.668| 0.601|1.94 |0.219|0.168 | 282 |3.79|0.875
= (3.[14)(“.857) =2.61 1n. 1875 0.431| 439 [11.0 |282[139 | 197 |1.01 |0.598|0.565|2.17 |0.344|0.434 | 251 |3.05|0.894
1375 0.604| 361 | 9.02|29911.0 | 152 |0.848| 0613 1.73 |0.252|0.186 | 19.2 |3.26|0.874
115 10607] 325 | 8.14]3.11] 93| 1.31 10.775]0.623(0.572D1.57 10.2110.130 | 16.5 | 3.41{0.862
B

Table 2-4
Applicable ASTM Specifications
for Various Structural Shapes

F, F, Applicable Shape Scries
Yield | Tensile HSS
Steel ASTM Stress"| Stress® = E g
i i ksi) | (ksi WM S |HP| C | MC| L 4 z | =
Iyp Deesignatio | (ksi) | = £ =
A6 36 | ss—sot
Gr B 42 S8
. i 6 58
: = 46 72 F
Carbon
Ar Jul GTF qﬂ ﬁ?
| Gr A 36 58
ASIN
Gr. B 50 il
A5G G 50 ll] H3-100
Gr_ 55 53 TO—110
ATOR 36 36 S8-80"
in 3652 bl
A T4 N
Sl S0-a5 i)
AllRs| Gr.A 50 65
Gr.42 42 ]
G50 S0 65
AST2 | Gr.5§ 55 il
G, 60F 60 75
G, 65 [iN] L
Hrgux.u.ml S 0
High- | Gr 11 30 65
Strength ] 50 50 65
Low- - 2
AT 508 S-65 65
Alloy ;
S0W 50 7
S0 st AS"
ABL3 6l il 7
a5 63 80
0 70 )
Aou2 Sif [
Atoass Gr S0 50 (il

W - Preferred material specification.

[J=Onher applicable material specification, the availability of which should be confirmed prior 1w specification.

[ ]=Material specification does net apply.

Feotnotes on facmg page.
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LRFD Methud=j Pu=1.2 DL+1.6 LL I
P, = 1.2(28.5) + 1.6(25.5) = 75 kips
the nominal tensile strength due to tensile yielding on the gross area is

P, =F A, =(36)(3.37)=121.3 kips

The design tensile strength due to yielding is :
6P, =(0.9)(121.3) =109kips > P, = 75 kips. OK. «—— Controls

. the nominal tensile strength due to fracture or rupture on the effective
area 1s

B, = F,A, =(58)(2.61in.*) =151.4 kips
The design tensile strength due to fracture or rupture on the effective area is

0zP, =(0.75)(151.4) =113.6 kips > P, = 75 kips. OK.

The design tensile strength of the tension member is the smaller of the two values ecalcu-
lated above. Thus, the design strength, ¢ =109 kips > P, =75 kips. OK.
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Example :

Determine the maximum factored load that can be applied in tension to the angle shown
below. The angle is ASTM A36 steel and 1s connected with four 34-in. diameter bolts.

Neglect block shear.

Long leg is vertical

Solution L6 x 4 x % (LLV) 4
From the AISCM Table 1-7: \4 X :
A, =3.61in" , ~ |-
o " o [ |
¥ =0.933 in. 3 o | —m—p
4_/| 5 =0.375" ‘ ? ° i
t=0.3751n. %
— b. end view
From the AISCM, Table (2-4) P end view
3 @ 14
F y = 36 ksi 75" gusset plate

F, =58 ksi to 80 ksi (use F, =58 ksi)
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Table 2-4
Applicable ASTM Specifications
for Various Structural Shapes

F, F, Applicable Shape Series
Yield | Tensile HSS
Steel ASTM Stress®| Stress” = E )
Typ Desipmatio | (ksi) | (ksi) | W | M | § III'. C | MC & é o)
AR 6| sk-sot
42 58
= GrB 3 o
Carbon Gr.C a6 62
S i
asey |_OTA kT Sk ]
| GrLB 50 bl
. G 50 S0 | 65-100
Gr. 55 55| T0-100
AT 3n i 38-80"
BN EENE
M 5065 | 65
AlDRS| GrA S0 65 |
Gr.d2 42 i}
Gr.st 1] 65
AST2 | Gr.5s 35 kil
Gr.elF | 60 75
Gr.6% | 65 80
(GLE &l S0 0E
High- AN [ 50 65
Strength ] 50 50 65
I,;.T:n ATm | SOS | 5065 | 65
S0W 50 T0
S0y st A3
ABL3 a0 1] 75
65 65 80
0 70 W
AU ] &5 H
AlesY Gr 500 hil] [l

[l - Preferred material specification.

[J=Other applicable material specification, the availability of which should be confirmed prier wo specification.

[ 1= Matenal speclication does not apply.

Footnotes on facmg page.

Table 1-7 (continued)
Angles

Properties
Axis X-X Flexural-Torsional
Area Properties

k Wit. d _ —

Shape A I S r y 4 Yo J Cw I

in. |Ib/t| in2 | in* | in? | in in. | in? | in in4 in® in.

L6x4xTs |13 |27.2 | 8.00 |27.7 713 (186 |212 |[12.7 143 [2.03 4,04 2.82
33y |1%s | 236 | 6.94 |245 623 (188 207 114 1.37 [1.31 2.64 2.85

3 |1 | 20.0 | 5.86 [21.0 529 (189 |2.03 944 (131 |0.775 1.59 2.88

O |18 [18.1 | 5.31 [19.2 481 {190 |2.00 859 [1.28 | 0572 1.18 290

<2 1 16.2 | 475 |17.3 431 |11.91 1.98 7.71 [ 1.25 | 0407 0.843 2.91

<e | 196|143 | 4.18 |154 381 (192 |1.95 6.81 | 1.22 |0.276 0575 293

<3 T 112.3 | 3.61 |134 3.@ 193 |1.93 589 (119 |0177 0.369 294

06 | 16 | 10.3 | 303 [114 | 277 |104 1100 | 406 | 1.5 [0704 | 0217 [ 206

Axis Y-Y Axis Z-7 a;
Shape ! s r X z X, ! s r | Tan |F,=36

o Kksi

in? | in? in in in3 in. inA in3 in

L6x4x/a 9.70 337 | 110 112 6.26 | 0.667 | 5.82 2.91 0.854 | 0.421 | 1.00

34 8.63 29 | 112 1.07 542 | 0578 | 5.08 2.51 0.856 | 0.428 | 1.00

x5/8 748 252 | 113 1.03 456 | 0488 | 4.32 212 0.859 | 0.435 | 1.00

<6 | 6.86 229 | 114 1.00 413 | 0443 393 1.92 0.861 | 0.438 | 1.00

2 6.22 206 | 114 0981 | 3.69 | 0.396 | 354 1.72 0.864 | 0.440 | 1.00
x1e | 5.56 183 | 115 324 | 0348 | 3.14 1.51 0.867 | 0.443 | 0.973
x3/g 4.86 158 | 116 0.933) 279 | 0301 | 273 1.31 O.BZU 0446 | 0912
x5he | 413 134 | 117 0908 | 2.33 | 0.253 | 2.31 1.10 0.874 | 0.449 | 0.826

10 Ala ANA 4 Cn nnNneoo n oan a1 oo na7c =y 4 24 nJCcoe na4an 4 nn
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Failure Plane ABC:
) 3 1 . ) .9
A =361 H4+8J(0.3 ;5)} +0=23.28 in2

Failure Plane ABDE:

s=151n.and g = 3 1in.

: 1.5)
A = 3.61{(2)(i+lJ(0.375)}+[( ) (0.375)] ~3.02 in.?

T (4)(3)

The failure plane along ABDE controls, since it has a smaller net cross-sectional area.

Effective Area of the Angle:

The shear lag factor, U =1 —x? Case 2

0.933
=1- =0.792
(3)(1.5)

Alternatively, U = 0.60 from Taple D3.1 The larger value is permitted to be used, so
U = 0.792.

AE - A?I-U

Case 8 (b)

=(3.02)(0.792) = 2.39 in.”

Dr. Ra'ed Al-Mazaidh
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Single and double
angles.

(If Uis calculated
per Case 2, the
larger value

is permitted to

be used.)

with four or more fasteners per
line in the direction of loading

U=0.80

with three fasteners per line in
the direction of loading (with
fewer than three fasteners per
line in the direction of loading,
use Case 2)

U=0.60

Dr. Ra'ed Al-Mazaidh
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the tensile strength based on tensile yielding on the gross area 1s
0P, =4 F A,

=(0.9)(36)(3.61) =116 kips

the tensile strength based on the tensile rupture on the effective area is
d)RP n d)RF L.:Ae

=(0.75)(58)(2.39 in.* ) =104 kips «—— Controls

The smaller value controls, therefore, the maximum factored tension load, P, = 104 Kips.

Dr. Ra'ed Al-Mazaidh
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Rupture failure

Yielding failure
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Block Shear Failure Mode:

» This failure occurs due to the tearing out of a segment of the tension member or the connecting element from

the rest of the connection.
» The failure planes usually occur:
1. Along the centerlines of the bolt holes for bolted connections.

2. Along the outline of the welds for welded connections.
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- gussct plate

——=shear failure plane

-

%

——— tension failure plane

Dr. Ra'ed Al-Mazaidh
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1.

2. OR by a combination of shear rupture plus tensile rupture.

. . I_.l'
tension failure

shear failure

» Failure in block shear can occur by:

A combination of shear yielding plus tensile rupture.

shaded portion tears

,—away under tension load

plane

plane
i
ot
| '|
| '-
O -—~-j—{:}
.ff |h‘--.h__
/ ]
7
a.

——tension failure

plane

Dr. Ra'ed Al-Mazaidh

shear failure

plane
/|
——
)
.____O._T___{?
I|| r! B ——
—---{}t—-—-— -0
[ ™~ . .
“—tension failure
plane
b.

44



—shear failure plane

/ —— tension failure plane

- gusset plate

%I | —shear failure
° lane
o 6 ’
—_—— -
o <
3
i

—tension failure
plane

———shear failure plane

—— tension failure plane

Dr. Ra'ed Al-Mazaidh
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From AISCM Section J4.2
= The nominal strength based on shear yielding is

R, =06F A,
= The nominal strength based on shear rupture is

R?? — {] 'ﬁ. 'Ef_;l AH

U

Where,
A, = Gross area subject
A, = Net area subject to shear

Dr. Ra'ed Al-Mazaidh
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From AISCM Section J4.3

oP, = 6(0.6F A, +U, F 0(0.6F, Ay, + U, F, A,
Shear , Tensile Shear Tensile
rupture rupture yielding rupture

\ }
|

Smallest controls

where

b = 0.75,

= Minimum tensile stress,

F, = Minimum yield stress,

A_ = Gross area subjected to shear,

A, = Net area subjected to tension (see equation (4-4)),
A,, = Net area subjected to shear (see equation (4-4)), and
U, = 1.0 for uniform tension stress

= (.50 for nonuniform tension stress.



|

T

@

[m|
Bolted Angle Welded Angle Welded Angle
——
=
e
Single-Row Beam Angle Ends Gusset Plates

End Connections

(a) Cases for which Ups = 1.0

Multiple-Row Beam-
End Connections

(b) Cases for which Uy, = 0.5
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Determine if the channel is adequate for the applied tension load shown below. The chan-
nel 1s ASTM A36 steel and 1s connected with four EXB-in. diameter bolts. The tension member is
subjected to service dead and live loads of 28.5 kips and 25.5 kips, respectively. Consider block
shear.

]k’?" l,l'é”

. S

HH"“'--.,‘

X py

—— +PL = ?5“1{

o o \ P, = 28.5k
1| P, = 25.5k =

-
-—

|I ]

!
lI ~—~(C8x11.5

&
T/
2t

End view

\_
A" gusset plate

Dr. Ra'ed Al-Mazaidh
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SOLUTION
From the AISCM Table 2-4
I, =36 ksi
F; =58 ks1 to 80 ksi (use I, =58 ks1

Gusset Plate Dimensions:
Shear plane:
shear planes ) ( 41n.+1.51

=(2
= Agu - ZAholcs

=4.12 - {(2 sides

A,
A?!-L'

(5
)| —+
'\ 8

Tension plane:

An-t = Agt - ZAhnlcs

=[(4in.)(0.375in.) | —(

) 1/2 hole : 1 hole I

/(0.375in.) = 4.12 in.?

;](0.375111.)} =3.28 in”

5 ‘. 1/2 hole
(;;](0.375111.)} ~1.21in? '

Dr. Ra'ed Al-Mazaidh

1/2 hole

tension plane—_

1}611

L—shear plane

/1

| %" dia. bolts

;I'

_—shear plane

/<%:“ gusset plate

block shear in plate
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Channel Dimensions:
tw = 0.22in (AISCM Table 1 — 5 Section C8X11.5

Shear plane:
1/ m "
Ay = (2 shear planes)(4in. + 1.5111.)[(0.220111.}2 2.42 in.” 17 4 -
Anu - Agu o zAhules __
— I | —®=p, =75k (LRFD)
=2.42 — {(2 shear planes)(l.-ﬁ ho]es)(; + ;)(O.ZQUin.)} =1.92 in.? ;
Tension plane: Cox11.5

An,ﬁ = Agt - zAhules
block shear in channel

-

e (022050t L nole 2L hote (32 10,2201 |- 0,715 102
— [(4111.)(0.220111.)] (2 h01L+2 holt)HS + 8}(0.220111.)} 0.715 1n.

Uy, =1.0 (tension stress is uniform )
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0P, = (0.6 F,A,, + Uy F,A,, )< 6(0.6F,A, +U,

sTu-nt

FA,)

sTu-nt

For the Gusset Plate, the tensile strength in block shear is

0P, =0.75| (0.6)(58)(3.28)+(1.0)(58)(1.21)

<0.75(0.6)(36)(4.12) +(1.0)(58)(1.21) |

=138 kips <119 KIDS. e 0P, = 119 Kips > P, = 75 Kips .......Okay

Controls

For the Channel (¢, = 0.22 in.), the tensile strength in block shear is
0P, =0.75| (0.60)(58)(1.92) +(1.0)(58)(0.715) |

<0.75[ (0.60)(36)(2.42) +(1.0)(58)(0.715) |

= 81.2 kips <70.3 kips. mmm) P =70.3Kips <P, = 75 Kips

Controls The channel is NOT adequate in block shear

Dr. Ra'ed Al-Mazaidh
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DESIGN OF TENSION MEMBERS

1. Calculate the maximum factored tension loads on the member, B,.

2. Determine the minimum gross area from the tensile yielding failure mode equation

P

[

A, =
® " 0.9F,

3. Determine the minimum net area from the tensile rupture failure mode equation

P

A,z —
' T 0.75F,U

where the net area is found from equation

_ Ay
An Ag - Ahnles

Therefore, the required gross area for the tensile rupture failure mode is:

P

¥

=
¥ - =
¢ T 0.75F,U

\
T ‘”—*Ahules



4. Use the larger 4, value from step (2) and step (3), and select a trial member size based on the larger value of 4.

5. For tension members, AISC specification Section D1 suggests that the slenderness ratio e = K

Tmin Tmin

should be less than 300 to prevent flapping or flutter of the member,

Where:

K = Effective length factor (usually assumed to be 1.0 for tension members),
L = Unbraced length of the tension member, and

rin = SmMallest radius of gyration of the member.

The smallest radius of gyration for rolled sections can be obtained from part 1 (tables) of the AISCM



6. Determine the block shear capacity of the selected tension member

(b‘Pn - (b(O‘GFuAnU u*nt

+ULF,A,, )< 0(0.6F,A,, + Uy F,A,,)

If $P, (block shear) is greater than or equal to P, the member is adequate.

If P, (block shear) is less than P, increase the member size and repeat step 5 until ¢F,

(block shear) = P,,.

Dr. Ra'ed Al-Mazaidh
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Example:

Using the LRFD method, design a tension member given the following parameters:

* Service loads: Py = 40 kips, P; = 66 kips;
* Single angle required;

* Unbraced length, L = 20 ft.;

« ASTM A36 steel; and

+ Two lines of four %,-in.-diameter bolts.

Solution

P, =1.2 P +1.6 P, =[(1.2)(40)]|+[(1.6)(66)] =154 kips

P . (
1. Ag > U assume slenderness ratio,— < 300
O.QFJ, r

_ (154)
¢ (0.9)(36)

_—e 2
=4.75 1n.

Dr. Ra'ed Al-Mazaidh
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Case 8- (a)

\/
2. Shear lag factor, U, is 0.80 for single angles (from Table p3.1 Alternatively, U may be

calculated using ( = (3)(3 iﬂ.) =9 1n. (three spaces at 3 In.), but an angle size would

have to be assumed.

P
L 3A
g - 0 T5FHU holes
(154) [3 1)
A, > 2 holes)| =+ =
¢ = [0.75)(58)(0.80) " 2 P ) 35

A = 4.43+ 1.75t, where t 1s the thickness of the angle

£ required

o _ L _(20)12)
™300 300

= 0.80 1n.
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Summary of angle selection

From AISCM Table (1-7)

1. All angles with thickness (t=1/4 in)

have Ag< 4.86 in?

2. All angles with thickness (t=5/16 in)

have Ag< 4.97 in?

3. All angles with thickness (t=3/8 in)

have Ag< 5.08 in?

/ Required
t / A
Ag (Step 1) Ag (Step 2) /] Selected Angle r,
Y, in 4.75 in.’ 4.86 in.2 None worked -
%6 111 4.75 in.’ 4.97 in.2 None worked -
¥ in 4.75 in.2 5.08 in.” None worked -
7610 4.75 in.? 5.19 in.” L8 x 6 X g|(wt. = 20.2 Ib./ft.) 1.31 in.
Y, in 4.75 in.2 / wt. = 19.6 Ib./ft.) 1.18 in.
/ wt. = 19.6 1b./ft.) 0.863 in.

4

[ 4

Ag=5.99in2>5.19 in? ok. | Ag=5.77 in2>5.3 in? ok.

Ag=5.80 in2>5.3 in2 ok.

_ .

\ From A?SCM Table (1-7)m;es

Minimum of r,, o, for
each section




Table 1-7 Table 1-7 (continued)
- Angles Angles
i - =
Properties Properties L8-L6
RAxis X-X Fleoural-Torsional Axis Y-Y s Z-Z a,
Are Properties
k | Wt 2, —
Shape Al | s | r | F|Z]|K]|J b | B Shape ! s r X | % ! s r | Tan [F=3
0o
jn. | It | in2 | in® | in2 | in in. | in? | in. | int in® in. in* [ in? in. in in3 in. in? in.? in.

LBxBx1e | 1% |569 [168 [981 (175 [241 |240 |36 |1.05 |7.13 |325 429 L&«Bx1Ys | 881 |17.5 241 240 | 316 105 |407 120 1.56 | 1.00 | 1.00
w1 |15 |510 151 |B31 (158 |243 |236 (285 |0944|508 |234 432 «1 | 891 (158 | 243 | 236 | 285 | 0944 (368 (110 | 156 |1.00 | 1.00
«Tfe (12 [450 |133 797 |140 (245 |231 (253 |0.831(346 [161 4.36 «Ify | 797 (140 245 | 231 | 253 0831 | 327 10.0 157 (100 | 1.00
<M | 1% (389 |15 (699 [122 (246 (226 |Z20 |0TI9(221  |104 439 Wy | 699 (122 246 | 226 | 220 | 0719|285 890 | 157 |1.00 |1.00
«Ha (1% |327 | 969 |506 (103 | 248 |221 |186 |0606|130 | G616 442 By | 596 (103 | 248 | 221 [ 186 | 0606|242 772 (158 | 100 | 0997
whe [1%he | 206 | 877 |542 | 933 | 249 |219 |168 | 0548|0861 | 455 443 w5 | 542 | 933 249 | 219 (168 | 0548|218 700 (158 |1.00 | 0959
«Me (1 (264 | 784 488 | 836 | 249 [217 |151 |[0.490(0683 | 323 445 wlfe | 4B.8 836 | 249 | 217 | 154 0.480 | 19.8 644 | 159 | 1.00 | 0812

! | 1% |442 |131 (809 (151 [249 |285 |27.3 (145 |434 |163 388 Lex6x1 | 388 | 892 | 172 | 165 | 162 | 0819|213 760 | 1.28 |0542( 1.00
we [1% |391 |15 |724 (134 |250 |260 (243 |143 |286 |13 3g2 «To | 348 | 794 | 174 | 160 144 | 0719|188 671 |1.28 |0546( 1.00
sl | 1% (338 | 999 |635 |11.7 (252 (255 (211 |1.34 (190 7.28 19 My | 308 692 | 1.75 | 156 | 125 0624 | 16.6 582 | 129 | 0550( 1.00
e (1Ye |285 | 841 (B42 | 986 | 254 (250 (179 |127 |112 | 433 308 Gy | 264 | 588 | 177 | 151 [105 | 0526 | 14.1 491 | 1.29 | 0554 | 0.997
whe [1%e | 257 | 761 (494 | 894 | 255 |248 |162 |124 |0823 | 320 399 e | 24,1 534 | 178 | 149 | 952 | 0476|128 445 | 1,30 | 0556 | 0.959
wMe |1 230 444 | 801 | 255 |246 (146 (120 |0.584 | 228 40 =Mz | 217 47 [ 1.79 | 146 852 | 0425 (1.5 398 | 130 | 0557 | 0.912
«Thie | 5 | 20.2 1;5.@2393 706 |256 1243 (129 (115 |0396 | 155 402 e | 19.3 423 | 180 | 1.44 7.50 | 0374 [10.2 35 | 1.31 | 0559 | 0.850

LBl |1V |374 |11 [BO7 |140 (251 (303 (243 | 245 (368 (129 37 L8411 | 116 394 | 103 | 104 | 773 | 0694 | 783 | 348 | 0.844 | 0.247 | 1.00
wife (1% 331 | 979 |626 (125 |253 299 |27 |24 |251 889 a7s «Ug | 105 | 351 | 104 | 09897| 677 | 0612 | 697 | 206 | 0.846 | 0.252 | 1.00
s (1% | 287 | 849 |550 (108 |255 |294 |189 | 234 |161 5.75 380 M | 937 | 307 | 105 | 0849 | 582 | 0531 | 614 | 265 | 0.850 | 0257 | 1.00
#By |14 |242 | 76 (470 | 920 | 256 (289 |161 (227 0955 | 342 383 B | 811 | 262 | 106 | 0.902| 486 | 0448 | 524 | 224 | 0.856 | 0.262 | 0.997
e [ 1he (219 429 (834|257 (286 |146 |223 |0704 | 253 384 «She | 744 | 238 | 107 | 0878 439 | 0.406 | 478 203 0.264 | 0.959
I 195 p386. | 748 losa logs 1139 12920 10501 | 180 186 il 0 L 215 L 108 L nReA 201 | 03631 422 | 182 % 0266 | 0,912
wihe | e |17.2 | 571 |342 | 659 | 2590 |281 |116 |216 |0340 | 122 187 e | 603 | 190 | 109 | 0829 342 | 0319 | 384 | 161 0.268 | 0.850

LTsca | 1%e | 262 | 7.74 (378 | 839 |221 |250 |148 | 184 | 147 397 33 L7xdx%e | 900 | 301 [ 1.08 | 1.00 560 | 0553 | 563 257 | 0.855 | 0.324 | 1.00
e | 1Y%e [221 | 650 (324 | 712 (223 (245 (125 |1.80 |[0BGR | 237 334 wie | 779 | 256 | 1.10 | 0,958 | 489 | 0464 | 4.81 216 | 0.880 | 02329 1.00
w1 179 | 526 (266 | 579 |225 |240 |10.2 (7174 |0456 | 1.25 37 wlfa 648 | 210 | 1.11 0910 377 | 0376 | 394 1.76 | 0.866 | 0.334 | 0.965
«The | e (157 | 463 |236 | 511 (226 |238 903 (171 |0.310 | 0851 338 wie | 579 | 186 | 112 | 0886 | 331 | 0331 | 350 1.55 | 0.869 | 0.337 | 0.912
xHe e |136 | 400 (205 | 442 | 227 |235 78 (167 (0138 | 054 340 «¥e | 506 | 161 | 1.12 | 0861 284 | 0.286 | 3.04 1.34 | 0.873 | 0.338 | 0.840

LBxBx1 | 1% |374 [11.0 (354 | 855 [1.79 |186 |154 |0917|368 9.24 118 LBl 354 855 | 1.79 | 1.86 | 154 0917 | 149 570 | 147 | 1.00 | 1.00
«To | 1% |331 [ 975 (318 | 761 |1.81 (181 137 [0813|251 6.41 321 «Ty | 319 | 761 | 181 | 181 [137 | 0813|133 518 | 117 | 100 | 1.00
My | 1Y | 287 | 846 |28.1 664 (182 (177 (119 [0705)161 417 3.24 wliy | 281 664 | 182 | 1.77 | 119 0705 | 116 463 | 117 | 1.00 | 1.00
«Ha (1% |242 | 713 |241 | 564 | 184 |172 |101 | 0594|0855 | 250 328 o8l | 244 564 | 1.84 | 172 | 101 | 0594 | 981 | 404 | 147 | 100 | 1.00
«Bhe [1W%e (219 | 645 |220 | 512 [1.85 |1.70 916 | 0538|0704 | 1.85 329 e | 220 512 | 185 | 1.70 918 | 0538 | 890 373 | 1.18 | 100 | 1.00
wfe |1 196 | 677 (199 | 459 | 186 |167 | 822 0481|0501 | 132 33 wfo (199 | 459 | 1.86 | 167 | 822 | 0481 | BOG | 340 |18 |1.00 | 1.00
whe | “he |17.2 | 508 (176 | 406 |1.86 |165 | 7.25 | 0423|0340 | 0.899 |332 whe | 176 | 406 | 1.86 | 165 | 7.25 | 0423 | 7056 | 305 | 118 |1.00 | 0873
wy Ta 1149 | 438 (154 351 [ 187 |18 6.27 | 0.365(0218 | 0575 334 sy | 15.4 351 | 187 | 182 627 | 0385 | 621 2689 | 119 | 1.00 | 0912
)he | Whe |124 | 367 (130 | 285 |188 (180 | 526 | 0306|0128 | 0338 (335 5w | 130 | 295 | 1.88 | 1.60 | 526 | 0306 | 520 | 230 | 119 |1.00 | 0.826

Mot For workable gages, refer to Table 1-7A. For compaciness criteria, refer to Table 1-78. Nate: For warkable gages, refer o Table 1-74. For compactness criteria, refer to Table 1-78.
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Table 1-7

Table 1-7 (continued)

- Angles Angles
Gl - =
. Properties Properties L8-L6
Axis X-X Flexural-Torshonal Axis Y-Y Axis Z-7 a;
k| we Area, Properties
Shape A 1 5 r ¥y z Yo J Cw T Shape I § r x z Xg I 5 r Tan |F=3%
o ksi
in. | b/t | in® | in® | in? | im | in | in? | in. | int | in® | in.| int | in? | in. in._| in? | in in* | ind | in
LBxBx1Ye | 1% (569 |168 |981 [|17.5 |241 |240 (316 |105 |7.13 |35 429 L8xBrc1Ys | 981 |175 241 240 | NB 105 |40.7 120 156 |1.00 | 1.00
*1 1% |51.0 (151 [B91 |158 [243 |236 (285 |0944|508 234 432 E 891 158 243 236 | 285 0.944 | 36.8 1.0 156 |1.00 | 1.00
e (1% |450 133 (797 (140 (245 |231 (253 |0831(346 |161 4.36 «Ne | 797|140 245 | 231 | 253 0831 | 327 10.0 157 [1.00 | 1.00
S (1% | 389 |15 |699 (122 | 246 (226 |220 |0m9|22 10.4 439 %4 | 699 122 246 226 | 220 0719 | 28.5 8.90 157 | 1.00 [ 1.00
«Sa | 1% |327 | 969 (596 |10.3 | 248 |221 (186 |0.606|1.30 6.16 442 x5 | 596 |10.3 248 | 221 | 188 0.606 | 24.2 7.72 | 158 |1.00 | 0.957
Wi (1% |296 | 877 (542 | 933 | 249 (219 |168 | D548 (0961 455 443 wihe | 54.2 933 | 249 | 219 | 168 0.548 | 21.9 709 | 158 |1.00 | 0959
=Me [1Ye |264 | 784 (488 | 836 (243 |217 (151 |0490(0683 | 323 445 «iz | 488 836 | 249 | 217 | 154 0480 [ 19.8 644 (159 (100 |02
o |12 |442 (131 (809 151 |249 |265 |273 |145 |434 (163 388 L8x6x! | 388 | 892 | 172 | 165 |162 |0819|213 | 760 |1.28 |0542| 1.00
xife |1% |391 (115 (724 (134 |250 (280 |243 143 | 296 1.3 3582 «a | 349 784 | 174 1.60 | 144 0719188 B.71 1.28 | 0546 | 1.00
M (1Y 338 | 999 (635 (1.7 |252 |255 (211 (134 (190 T.28 395 «Hy | 308 692 | 175 | 1.56 | 125 0624 | 166 582 | 1.29 | 0550 1.00
B |1 |285 | 841 (542 986 | 254 |250 |78 127 (112 4.33 388 e | 254 588 | 197 1.51 | 105 0526 | 141 491 1.29 | 0.554 | 0.997
e [ 1he | 267 | 761 |494 | 894 | 255 |248 |162 |1.24 (0823 | 320 399 w56 | 24.1 534 | 178 | 1.49 | 952 | 0476|128 445 | 1.30 | 0.556 | 0.959
iz (1 230 | 680 (444 801 (255 |246 (146 |1.20 (0584 228 4Mm we | 217 479 | 1.79 1.46 852 | 0425 | 11.5 3188 1.30 | 0.557 | 0.2
wThe | "he|202 | 599|393 | 706 | 256 |243 (129 |15 |0.39 | 155 402 e | 19.3 423 | 180 | 1.44 | 750 | 0374|102 351 | 1.31 | 0.559 | 0.850
LBt 1z 374 |11 (697 [140 |251 [303 (243 |245 (368 [129 375 LBl 186 394 | 103 | 1.04 | 773 | 0694 | 783 348 | 0.844 | 0.247 | 1.00
e (1% |331 | 979 [626 (125 (253 |299 (217 [241 (251 &.89 378 =l | 105 351 | 104 | 0997 | &7 | 0812 | 697 306 | 0.846 | 0.252 | 1.00
x4 | 1Ys 287 | 849 (550 [10.9 |255 |294 (189 |[234 |161 575 380 x4y | 937 | 307 | 105 | 0.849| 582 | 0.531| 614 265 | 0.850 | 0257 | 1.00
WHa |14 | 242 | 716 |47.0 9.20 (256 |288 (161 227 | 0955 342 383 e 811 262 | 106 0.902| 486 | 0448 | 524 2.24 0.856 | 0.262 | 0.997
whe |1 | 219 | 649 (429 834 | 257 |286 (146 |223 |0T04 253 k- sl | 7.4 238 | 107 D878 439 | 0406 | 478 203 0.859 | 0.264 | 0.959
=Mz (1 196 | 580 [385 | 748 (258 |284 (131 |220 |0501 1.80 3.86 wz | 675 | 215 | 1.08 | 0.854| 391 | 0363 | 4.32 1.82 | 0.863 | 0.266 | 0.912
xe | "he [17.2 | 511 (342 | 659 | 259 |281 (116 |216 |0340 | 1.2 387 e | 603 | 190 | 109 | 0829 342 | 0319 | 384 161 | 0.867 | 0.268 | 0.850
Ushcis | 1Va | 262 | 7.74 (376 | 8.30 (221 |250 [148 |184 (147 | 397 |33 L7xdxYs | 900 | 301 | 108 | 1.00 | 560 | 0553 | 563 | 257 | 0.855 | 0.324 | 1.00
e |1We | 221 | 650 (324 | 712 | 223 (245 (125 (180 (0868 | 237 334 x5y | 779 | 256 | 110 | 0858 | 469 | 0.464 | 4.81 216 | 0.860 | 0329 | 1.00
W |1 17.9 | 526 |266 | 579 (226 |240 (102 174 |0456 | 1.25 aar 2 | 648 | 210 [ 1.1 0910 377 | 0.376 | 3.94 1.76 | 0.866 | 0.334 | 0.965
e | "he (157 | 463 (236 | 511 | 226 [238 | 903 (171 (0310 | 0851 338 xhe | 579 | 186 | 112 | 0886 331 | 0331 | 350 1.55 | 0.860 | 0.337 | 0.912
wlfe Tz |136 | 400 |205 | 442 (227 |235 | 781 | 167 |0.198 | 0544 | 340 «Ys | 506 | 161 [ 112 | 0.861| 284 | 0.286 | 3.04 1.34 | 0.873 | 0.339 | 0.840
L1 1 (374 110 (354 | 855|179 |186 (154 |[0917|368 9.24 318 L6efinc] 354 855 | 179 | 1.86 | 154 0817 [ 148 570 | 117 |[1.00 | 1.00
K (1% (331 | 975|318 | 761|181 (181 |137 |os13|251 |64 |32 s | 318 | 761 | 181 | 181 | 137 | 0813|133 | 518 | 117 |100 | 1.00
WM | 1Y 287 | 846 (281 664 (182 |177 119 |0705(|161 417 324 wlfy | 281 664 | 182 1.77 | 114 0705 | 11.6 463 117 | 1.00 | 1.00
e (1Y 242 | 713 (240 564 | 184 |172 (101 0.594 [ 0.955 250 328 «0s | 241 564 | 184 1.72 | 104 0594 [ 9.81 4.04 117 [ 1.00 | 1.00
e | 1he | 21.9 220 512 |1.85 (170 918 | 0.538 |0.704 1.85 329 «e | 220 512 | 185 1.70 918 | 0538 | 840 373 1.18 100 | 1.00
i | 1 19.6 450 L1586 167 822 10 3.31 iz | 19.9 A50 | 186 | 167 822 | 0481 [ B.O6 3.40 1.18 | 1.00 ( 1.00
wife | Vhe |17.2 | 508 (176 406 | 186 |1865 7.25 | 0.423 [ 0.340 0.399 332 whs | 176 406 | 1.86 1,68 T25 | 0423 705 .08 118 [ 1.00 | 0.973
e T (149 | 438 [154 | 351 | 187 |162 | 627 [0.365|0218 | 0575 3.34 wYs | 154 351 | 187 | 162 | 627 | 0365| 621 269 119 |[1.00 | 0.2
«She | e (124 | 367 [13.0 285 (1.88 |180 526 | 0.306 0129 0.338 335 *e | 13.0 295 | 188 1.60 526 | D306 | 520 2.30 119 | 1.00 | 0.826

Note: For workable gages, refer to Table 1-7A. For compactness criteria, refer to Table 1-78.

Mate: For workable gages, refer to Table 1-7A. For compactness critera, refer to Table 1-7B.
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. Select L8 X 4 X lx’g because of its lighter weight; also, it would have greater block shear
capacity than the L6 X 6 X 1/2 (same welght).

. The minimum slenderness ratio calculated = 0.8 1n.; r,, for L8 x 4 X 1/2 = 0.863 in.

> (0.8 1In. OK.

2z

. Check block shear capacity. The spacing of the bolts will have to be assumed.

zyzu

8!!

|

Ah
= — Tu ;{J =

hN

T,

2] 21!

1}5”

3!1

3"

] OI/{’E"

a. mode 1

_
Lo
O 0O 0O
NS
[
\ (8)-%4" bolts
11/:2" 3n 3" 3"
] 0%)"
b. mode 2
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Mode 1 Block Shear:

Shear plane:

Ay = (2 shearplanes)(lo.5) (0.5) = 10.5 in.2
Anv - Agu _EAhales
3 1

= 10.5—(2 shearplanes)(Bf) holes)(zﬁr g) (0.51in.) = 7.43 in.?

Tension plane:
A, =(3in.)(0.5 in.) = 1.5 in.?
Anr - Agt o zjﬁlhnles

3

=1.5-(2)(0.5 hole)[ZJr %J(O.E‘) in.) (0.5 in.) = 1.06 in.2

The design tension strength for the block shear failure mode is
0P, = ¢(0.60F, A, + Uy F, A, ) <¢(0.60F, A, + Uy F,A,, )
=0.75[(0.60)(58)(7.43) +(1.0)(58)(1.06) |
<0.75((0.60)(36)(10.5) +(1.0)(58)(1.06) |
=240 kips < 216 kips

Therefore, ¢P, = 216 kips (mode #1 block shear capacity) > T, =154 kips OK.
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Mode 2 Block Shear:

Shear plane:
A,, =(10.51in.)(0.5 in.)= 5.25 in.?
Am.r - Agu o ZALht:ules

= 5.25 —(3.5 hulus)(% +%)(0.5 in.) = 3.72in.?

Tension plane:
A, =(3in.+2.51in.)(0.5in.) = 2.75 in.?

ot
Ant - Agt o ZALht:ules
3 1

=2.75—(1.5 hcrles)(l +§)(0.5 in.) = 2.09 in.2

The design tension strength for the block shear failure mode is
0P, =¢(0.60F, A, + Uy, F,A,, )< $(0.60F,A,, + Uy F,A,, )
=0.75[(0.60)(58)(3.72)+(1.0)(58)(2.09) |

<0.75[(0.60)(36)(5.25) +(1.0)(58)(2.09) |

= 188 kips < 175 kips

Dr. Ra'ed Al-Mazaidh
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Therefore, P, =175 kips (mode #2 block shear capacity) >T =154 kips OK.

The block shear capacity is the smaller of the block shear capacities for block shear failure
modes 1 and 2. Therefore, ¢, =175 kips.

Select an L8 x 4 x Y, with two lines of four ¥,-in.-diameter bolts.
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INTRODUCTION

Structural steel elements are sometimes subjected to concentric compressive axial loads
accompanying bending moment; Some examples include:

» Truss web members, compression chords of some trusses

= Struts

without any

= compression members in concentric and eccentric braced frames such as X-braces and Chevron braces,

BEBRBEERE

and some columns in buildings

HEERERRER

‘\compression in
column due to

P
—h.._
. —compression in brace for
@» column this lateral load direction
EREEEEEENENEEEEREENE \s\ |
=X / \ / \ X \ 73— \r (111) diagonal brace
kcon"npressiml in v Strut P
top chord LOAD ——
(11) truss chord (] —compression in brace for
B this lateral load direction

(tv) Chevron brace

Dr. Ra'ed Al-Mazaidh

gravity load

f (v) building column ?



Struts, tie rods, and columns at an airport entrance canopy
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The common shapes used for columns are:
o Wide flange sections (i.e., I-shapes)
o Round and square hollow structural sections (HSS).

o Built-up sections (e.g., box sections) are used as columns in high-rise buildings

1 1O

Single angle Double angle  Tee Channel W column Pipe or round Square HSS
(a) (b) () (d) (e) HSS tubing tubing
r lacing j () (2)
I - 1T 1T
| |
L _ I S N WP g 1
Rectangular HSS  Four angle Box section Box section Box section
tubing box section () (k) q))
(h) (i)
Box section W with Built-up  Built-up W and Built-up Built-up
cover PLs channels

(m) (n) (o) (p) (q) (r) (s)
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Failure modes of compression members

O Flexural buckling:

> In this failure mode, the member bends globally between lateral supports and buckles about its weaker
axis (i.e., the axis with the larger slenderness ratio) because of the presence of the axial compression load.

» This limit state is usually applicable to compression members comprised of non-slender elements, and the
failure mode can be either elastic buckling or inelastic buckling depending on the slenderness ratio of

the member. This limit state is covered in AISC Specification Section E3.

P Flexural buckling about weak axis

Flexural buckling about strong axis [—

major minor
axis  axis

Dr. Ra'ed Al-Mazaidh 5



[ Torsional buckling
= [tinvolves twisting about the longitudinal axis of the member without any lateral displacement.

Examples of sections susceptible to torsional buckling include cruciform shapes. See AISC Specification E4.

—

Mid height

saction

Dr. Ra'ed Al-Mazaidh 6



O Lateral-torsional or flexural-torsional buckling:

It is a combination of the above two failure modes.

It is common in wide flange sections.

It is caused by the flexural compression stresses on the compression flange of a beam or column with
large unbraced lengths.

Torsional and flexural buckling limit state applies to singly symmetric and non-symmetric members and
some doubly symmetric members such as cruciform-shaped columns with non-slender elements.

The flexural and torsional buckling limit state for members with non-slender elements is covered in AlISC

Specification Section E4.
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O Local buckling

» |t occurs where the component elements of the structural member such as the web and the flanges are
slender and can buckle locally (i.e., web local buckling and flange local buckling) in contrast to the global

buckling that occurs in the first three failure modes discussed previously (see AISC Specification Section E7).

Localized buckling of
column flange under
compression stress

Dr. Ra'ed Al-Mazaidh 9



:al buckling of a moment frame beam.....

Dr. Ra'ed Al-Mazaidh
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EULER CRITICAL BUCKLING LOAD

Summing moments about point C in Figure yields &P r'
ThE}_‘EfGl‘e, M = Pf\,f .......... (1) \\\ i
\\ :
2 \ ) |
: |
dy _ M .. | :
dx” El C L1 g
rl y M
Substituting equatior (2) ) into equation (1) and rearranging yields the second order /
differential equation / ?
/ P
2 /
d "}” N Py ) e (3) >”KB (b) Free body diagram
dx* EI *
P

(a) Pin ended column subject
The solution to equation (3) is as follows to axial compression load

y=A sin[,/ P x] + A, cns[,/ P x} ---------- (4)
EI - EI

Dr. Ra'ed Al-Mazaidh 11



The boundary conditions for the pin-ended column are as follows:
At x = 0, the deflection, y = 0

At x = L, the deflection, y = 0
Substituting the first boundary condition into equation (4) means that the constant,

A, = 0, which reduces equation (4) to

y=A sin| (x| e (5)
El
Substituting the second boundary condition into equation (5) leads to the following
equation:
0=A, sin P L
El
The non-trivial solution to the preceding equation is obtained from
] P : : . .
sin o L | =0, which yields the following solution:
P L|=nn,
El
Where, n = the number of deflection waves in the column between lateral supports = 1, 2, 3...
2_2
Therefore, the solution 1s P = %

Dr. Ra'ed Al-Mazaidh



The smallest value of n (1.e., n = 1), which indicates a single half-sine wave between the

column lateral supports, gives the Euler critical load of the column, P,,

Where,

P, =

T2El
LB

and,

P, = Euler critical buckling load, 1b.,

E = Modulus of elasticity (for steel, E = 29 x 106 psi),

I = Moment of inertia, in., and

L = Length of the column between lateral supports or brace points, in.

Dr. Ra'ed Al-Mazaidh
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+

column fails by —
yielding in \

compression

a. short column

;

\
-column fails by

/ buckling
Pl

%

b. long column

Dr. Ra'ed Al-Mazaidh

Po= A, (0.6587)F,—

—yielding in compression

.r'-)_

r__.——-"’Pcr =(.877F. Ag

/ —This AISC column capacity curve

' accounts for inelasticity and
imperfections, and failure involves
yielding 1n flexure and compression

Fy |

inelastic| elastic

buckling | buckling

|

|

|

I
] |
(LY (Kl E /-"I 200 f
'4J=| ']:4.?|f—‘-—'
L r I/

Lo '\1 v

c. column capacity curve
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L..
2 2
] = Ai‘“z, Pe _ n“EAr
L2
_ P
72
. where
F, b mE . F, = Euler elastic critical buckling stress, psi,
A4 (L/r) A = Cross-sectional area, in.%, and

r = Radius of gyration, in
This equation assumes that the ends of the column are pinned. For other end conditions, an

adjustment or effective length factor, K, is applied to the column length

P _ n°EI  n’El
“ (KL} (L) KL L .
(KL) (L) = — < 200 for compression members.
P TEEE ~ TEEE r r

(KL/rY (L./r)

Dr. Ra'ed Al-Mazaidh 15



(a) (b) (c) (d) (e) (1)
B[R R R T R
T
Bucklhing modes
|
IR el A
Theoretical K value 0.50 0.70 1.0 1.0 2.0 2.0
Fecommended design K
when 1dezl conditions aref] .45 0,80 1.0 | 2 21 24
approximated

Rotation fixed, translation Hxed

. Rotation free, translation fixed
End condition legend

Rotation fixed, translation free

~44 -

Rotation free, translation free

Adapted from AISCM Table C-A-7.1 [1]. Copyright © American Institute of
Steel Construction. Reprinted with permission, All rights reserved.

Effective length factors, K, for idealized support conditions
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COMPRESSION MEMBER STRENGTH

The AISC Specification defines the design compressive strength of a column for the flexural buckling limit state as follows :

The nominal axial compression strength is given as:

P =F

n

A

1
cr<g

Where,

P, = Nominal compressive strength (: F, A, ), kips,

F.. = Flexural buckling stress (see below), ksi

A, = Gross cross-sectional area of the column, in.2

For the LRFD method, the design axial compressive strength 1s given as

q)ff:ﬂ - d)fjf_rrfrﬂg
¢. = strength reduction factor for compression = 0.90,

The slenderness ratio at which the behavior of the compression member changes from
inelastic buckling to elastic buckling is

KL_L _ 11 |E
r r FJ__

Dr. Ra'ed Al-Mazaidh 17



1 of

» Therefore, the member buckles elastically when E= L >4.71 ||F£, and
y

r r

L |
* The column buckles inelastically when E= —£<4.71 FE
¥

r r

The AISC critical flexural buckling stress, F,, 1s determined as follows:

When Ez & <4.71 £ (D]‘." when ¥ <2.25F, or F, > [}.44F_),
r r FJ_ Y Y
7y
F. =|0.658" }Fj AISC equation E3-2
L
When E=—‘3::=-a‘-1.'71 £ (ur when ¥ >2.25F, or F, {0.44F_),
r r FJ_ Y Y

F., =0.877F, AISC equation E3-3

Fe :Rz - TEHEG
A (L)

Dr. Ra'ed Al-Mazaidh
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LOCAL BUCKLING OF COMPRESSION MEMBERS

» Local buckling due to the slenderness of the component elements a compression member leads to a

reduction in the strength of the member and prevents it from reaching its full axial compression capacity

» To avoid or prevent local buckling, the AISC specification prescribes limits to the width-to-thickness ratios
(1, ) of the plate elements that make up the compression member. These limits are given in section B4 of the

AlISC Specification.

» In Section B4 of the AISC Specification, compression members subject to axial compression can be
classified with regard to local stability as follows (see Table 5-1 or AISCM Table B4.1a):
* Nonslender elements, or

» Slender element sections.



___ unstiffened element:
flange 1s supported at one

/ end and free at the other
7
.
T~ stiffened element:
web 1s supported
at both ends
.

Dr. Ra'ed Al-Mazaidh
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TABLE B4.1a

Width-to-Thickness Ratios: Compression Elements

Members Subject to Axial Compression

Limiting

& Width-to- | Width-to-Thickness

G| Description of | Thickness Ratio A,

Element Ratio |{monslender/slender) Examples

1 | Flanges of rolled h
|-shaped sections, '_':Jr = b
plates projecting [ b |_|_I|!
from rolled |-shaped E=Ir T
seciions, outstanding = . -
l=gs of pairs of angles b 056 — b
connacted with con- VA I |_|r h
tinwous contact, T =
flanges of channels, T‘[r

- and flanges of tees
E 2 | Flanges of buikt-up [=] B
g I-shapad sections E i NP e
o and plates or angle b o 1
m legs projecting from o 641,|| F h f’:"[r
E :-uiltjup -shapsd N e
£ seciions
=
E 3 | Legs of single = 2 |
= angles, legs of E-m:t 11 Fm:r T
1 |doubls angles with E ! ! t ln
separators, and all bt 045 (— e
ather unsfifiensd VA 4
alemants T
4 | Stems of tees r=a —
dit D75 ,'5 g ¢ Jd
Vi -

5 | Webs of doubly -
symmatric ralled and hi 149 |£ Mt |t [ f—ts [h
buit-up -shaped sec- e Fy
tions and channels

g | Walls of f
rectangular HSS B 1.40 I’E I

ol Iz =)
£ 7 [ FI I b
ange cover plates 2
E and disphragm IE ! EJ'? Lt A,
8 plates batween lines bt 140 = T I
= of tastenars or walds oy
E | o | | o]
= |8 | All other stiffaned = b
& alamants bt 140 |£ !
— lll Fl' }.\_\_ If
g i
@ | Round HSS
E
D 01— 4oy
Fy
It

W k= 4,/h it but shall not be taken less than 0.35 nor greater than 0.76 for calculation purposes.

Dr. Ra'ed Al-Mazaidh
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ANALYSIS PROCEDURES FOR COMPRESSION MEMBERS

Method 1: Using slenderness ratios and the AISC equations

The AISC critical flexural buckling stress, F,,, is determined as follows:

When KE_ Le ¢4 71 iﬂ (or when F, <2.25F, or F, 2 0.44F,)),
r r F, : .
> L. KL
F,=|0.658" |F, AISCequation E3-2  ,;5ing the larger of =% or KoLy and —~ or L.
' r. T, r, r,
L
When KL_L >4.71 ii (nr when F, >2.25F, or F, < 0.44Fv).
r r F, : :
E., =0.877F, AISC equation E3-3
¢'Pn - d)ErrAg

where A, is the gross cross-sectional area of the compression member.

Dr. Ra'ed Al-Mazaidh 22
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Method 2: Using slenderness ratios and AISC Available Critical Stress Tables (AISCM,
Table (4-22)

This table gives the critical buckling stress, ¢ F,,. (for LRFD) and as a function
Dfi or E for different values of F, (35 ksi, 36 ksi, 46 ksi 50 ks, 65 k:::;i, and 70 ksi).
r r ]
. L : .
For a given —= or KL, determine ¢ F,, (for LRFD). from the table using the
r r

L, KL . L, KL

larger of —== or and or
r, r, r, ry
L. KL : : -
(e.g., when —==——=97 and F, = 36 ksi, AISCM Table w@2) gives ¢ F = 19.7
r r

) Knowing the critical buckling stress, the axial design capacity for the LRFD method can be
calculated from the equation

oP, n d)E:rAg

where A, is the gross cross-sectional area of the compression member.

Dr. Ra'ed Al-Mazaidh
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column with—

r,andr,
< Lx

~beams provide brace
points for column

Table 4-22 (continued)
Available Critical Stress for
Compression Members

Fy= 35 Ksi Fy, = 36 ksi Fy= 42 ksi Fy= 46 ksi F,=50 ksi
Kf_ Fcrﬂ-!c ¢ch:r .KI. -Fcrfg-lc chFcr KI‘. Fcr“'?c q)ch:r K]‘. Fcrf-(-!c %Fcr KL EEFH':‘!C chFcr
T Ksi ksi N3 Kksi Kksi N3 ksi Ksi Na Kksi Kksi T Ksi Ksi

ASD | LRFD ASD | LRFD ASD | LRFD ASD | LRFD ASD | LRFD
81 | 15.0 | 225 |81 |1563 | 229 | 81 | 168 | 253 | 81 | 177 | 266 | 81 | 185 | 279
82 | 149 | 223 |82 |151 | 227 | 82 | 166 | 250 | 82 | 175 | 263 |82 | 183 | 275
83 | 147 | 221 |83 |150 |225 || 83 | 165 | 248 |83 | 173 | 260 |83 | 181 | 27.2
84 | 146 | 220 |84 | 149 | 223 | 84 | 163 | 245 | 84 | 171 | 258 | 84 | 179 | 269
85| 145 | 218 |85 | 147 | 221 | 85| 161 | 243 | 85 | 169 | 255 | 85 | 17.7 | 265
86 | 144 | 216 |86 | 146 | 220 | 86 | 16.0 | 240 | 86 | 16.7 | 252 | 86 | 174 | 26.2
87 | 142 | 214 |87 | 145 | 218 || 87 | 158 | 237 | 87 | 1666 | 249 | 8 | 172 | 259
88 | 141 | 212 |88 |143 | 216 | 88 | 156 | 235 | 88 | 164 | 246 | 88 | 17.0 | 255
89 | 140 | 210 |89 |142 | 214 || 89| 165 | 232 |89 | 162 |243 |89 | 168 | 25.2
90 | 138 | 208 | 90 | 141 | 212 || 90 | 153 | 230 | 90 | 16.0 | 240 | 90 | 166 | 249
91 | 137 | 206 | 91 | 139 | 21.0 || 91 | 1561 | 227 | 91 | 158 | 237 | 91 | 163 | 246
92 | 136 | 204 | 92 |138 | 208 |92 | 160 | 225 | 92 | 156 | 234 | 92 | 161 | 24.2
93 | 135 | 202 |93 | 137 | 205 || 93 | 148 | 222 | 93 | 154 | 231 |93 | 1569 | 239
94 | 13.3 | 200 | 94 | 135 | 203 | 94 | 146 | 220 | 94 | 152 | 228 | 94 | 157 | 236
95 1132 |199 | 95 | 134 | 201 || 95| 144 | 217 | 95 | 150 | 226 | 95 | 1565 | 233
96 | 131 | 19.7 || 96 | 13.3 99 (96 | 143 | 215 | 96 | 148 [22.3 || 9 | 153 | 229
97 | 13.0 | 195 | 97 | 13.1 97 | 141 |21.2 | 97 | 146 |22.0 || 97 | 15.0 | 226

Dr. Ra'ed Al-Mazaidh
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Method 3: AISCM Available Strength in Axial Compression Tables (AISCM Tables 4-1
through 4-12) — also known as the column load capacity tables.

These column load capacity tables give the design strength, ¢_.P, (for the LRFD method)

for selected shapes at various effective lengths,

L. or KL, and for selected values of the yield strength, F,. Enter the appropriate “Available
Strength 1n Axial Compression” table (1.e., the column load capacity table) with the value of
L. or KL, using the larger of

L
KL andK L, (i.e, the larger of ~ and L)

B B

o ¥

Dr. Ra'ed Al-Mazaidh 25



Available Strength in

Table 4-1 (continued)

Fy = 50 ksi . : :
Axial Compression, kips
W-Shapes W14
Shape W14

Ib/tt 426" 308" 370" 342" 3" 283"
N L KA LA A I A A P A A
ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
0 | 3740 5620 | 3500 | 5260 | 3260 | 4900 | 3020 | 4540 | 2740 | 4110 | 2490 | 3750
. 11 | 3500 | 5260 | 3270 | 4920 | 3040 | 4570 | 2820 | 4230 | 2550 | 3830 | 2320 | 3480
= 12 | 3450 | 5190 | 3230 | 4850 | 3000 | 4510 | 2780 | 4180 | 2510 | 3770 | 2290 | 3440
E 13 3410 | 5120 | 3180 | 4780 | 2960 | 4450 | 2740 | 4120 | 2470 | 3720 | 2250 | 3380
g 14 3350 | 5040 | 3130 | 4710 | 2910 | 4380 | 2700 | 4050 | 2430 | 3660 | 2210 | 3330
= 15 3300 | 4960 | 3080 | 4630 | 2870 | 4310 | 2650 | 3980 | 2390 | 3600 | 2180 | 3270
S 16 3240 | 4870 | 3030 | 4550 | 2810 | 4230 | 2600 | 3910 | 2350 | 3530 | 2140 | 3210
= 17 3180 | 4790 | 2970 | 4470 | 2760 | 4150 | 2550 | 3840 [ 2300 | 3460 | 2090 | 3150
e 18 3120 | 4690 | 2920 | 4380 | 2710 | 4070 | 2500 | 3760 | 2260 | 3390 | 2050 | 3080
g 19 3060 | 4600 | 2850 | 4290 | 2650 | 3980 | 2450 | 3680 | 2210 | 3320 | 2000 | 3010
=2 20 2990 | 4500 | 2790 | 4200 | 2590 ( 3890 | 2390 | 3600 | 2160 | 3240 | 1960 | 2940
g 22 2860 | 4290 | 2660 | 4000 | 2470 3710 | 2280 | 3420 | 2050 | 3080 | 1860 | 2800
= 24 2710 | 4080 | 2530 | 3800 | 2340 | 3520 | 2160 | 3240 | 1940 | 2920 | 1760 | 2640
= 26 | 2560 | 3850 | 2390 | 3590 | 2210 | 3320 | 2040 | 3060 | 1830 | 2750 | 1660 | 2490
e 28 2410 | 3630 | 2250 | 3380 | 2080 | 3120 | 1910 | 2870 [ 1710 | 2580 | 1550 | 2330
= 30 2260 | 3400 | 2100 | 3160 | 1940 | 2920 | 1790 | 2680 | 1600 | 2400 | 1450 | 2170
gﬁ 32 2110 | 3170 | 1960 | 2950 | 1810 | 2720 | 1660 | 2500 | 1490 | 2230 | 1340 | 2020
=] 34 1960 | 2950 | 1820 | 2730 | 1670 | 2520 | 1540 | 2310 [ 1370 | 2060 | 1240 | 1860
£ 36 1810 | 2730 | 1680 | 2530 | 1540 | 2320 | 1420 | 2130 | 1260 | 1900 | 1140 [ 1710
) 38 | 1670 | 2510 | 1550 | 2320 | 1420 | 2130 | 1300 | 1950 | 1160 | 1740 | 1040 | 1560
5 4 | 1530 | 2300 | 1410 | 2130 | 1300 | 1950 | 1180 | 1780 | 1050 | 1580 | 945 | 1420
g 42 | 1390 | 2090 | 1290 | 1930 | 1180 | 1770 | 1070 | 1610 | 954 | 1430 | 857 | 1290
2 44 | 1270 | 1910 | 1170 | 1760 | 1070 | 1610 | 879 | 1470 | 869 | 1310 | 781 | 1170
b 46 1160 | 1750 | 1070 | 1610 | 980 | 1470 | 896 | 1350 [ 795 | 1200 | 715 [ 1070
48 | 1070 | 1600 | 985 | 1480 | 900 | 1350 | 823 | 1240 | 730 | 1100 | 656 | 936
50 983 | 1480 | 907 | 1360 | 830 | 1250 | 758 | 1140 | 673 | 1010 | 605 | 909

Dr. Ra'ed Al-Mazaidh
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EXAMPLE 1

Using the LRFD method, calculate the design compressive strength of a W12 x 65
column, 20 ft. long, and pinned at both ends. Use ASTM A992 Grade 50 steel.

Solution @ | »| ©] @] | ®
Method 1: Using slenderness ratios and the AISC equations Ll EREIA RN
Solution T
L.‘!: = L_}' = 20 ft Buckling modes
K =1.0 Both ends are pinned >
L
f

F,=50ksi Table 2-4 + s

For W12 x 65, A, =19.1in* Table 1-1 AISCM

Theoretical K value 0.50 0.70 1.0 1.0 2.0 2.0
Compute the slenderness ratio about the x-x and y-y axes and use the larger of the two values Recommended design K o
when ideal conditions are] .55 0.80 1.0 1.2 21 2.4
KL KL approximated
(i.e., the larger of —= or —). Alternatively, since L, = L, and therefore KL, = KL,, the . -
r . ry o -1 Rotation fixed, translation fixed
- Rotation free, translation fixed
. Y . s = . End condition legend ha !
smaller radius of gyration will control. B2 Rotwtion fixed, tamslation free
For W12 x 65 from AISCM, part 1, the radius of gyration about both orthogonal axes are Rotsion free, tanslation free

Adapted from AISCM Table C-A-7.1 [1]. Copyright © American Institute of
Steel Construction. Reprinted with permission, All rights reserved.

FIGURE 5-4 Effective length factors, K, for idealized support conditions

as follows:
r. = 5.281in., and

r, = 3.02 in., (smaller value controls).
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Applicable ASTM Specifications
for Various Structural Shapes

Table 2-4

‘Fy F, Applicable Shape Series
Yield | Tensile HSS
Steel ASTM Stress®| Stress® > E g
Typ Designatio (ksi) (ksi) w M S HP C |MC| L é ﬁo =
AS3 Gr. B 35 60 1R
GrB 42 58
S 5 16 S8
5 46 62 F
Carbon "
Gr. C 50 )
Gr. A 36 58
AS01
Gr.B 50 70
AS2OE Gr. 50 50 65-100
Gr. 55 55 70-100
AT09 36 36 58-80°
W 36 [3652] S8
(1043 50 50-65 65
Al0ss| Gr.A 50 65
Gr.42 42 60
Gr.50 50 65
AST2 | Gr.55 55 70
Gr. 60° 60 75
Gr. 65° 65 80
Gl &l 50 | 708
High- ACTS Gr.III | 50 63
Strength| 50 50 65
Low-
All AT09 508 50-65 65
oy
S0W 50 70
50 50" 65"
AD13 60 60 75

B = Preferred material specification.

[]= Other applicable material specification, the availability of which should be confirmed prior to specification.

[[]=Material specification does not apply.

Footnotes on facing page.

Dr. Ra'ed Al-Mazaidh
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ltf Y & lk
I Table 1-1 (continued)
R W-Shapes
W
____} Dimensions
Y k
bf
Web Flange Distance
Area,| Depth, ) - - Work-
Shape 2 d Thickness, | 1, | Width, | Thickness, k k | T | able
b 2 bi tr Kes | Keet Gage
in.2 in. in. in. in. in. in. |in. | in. | in in.
Wi2x336" | 98.9 [16.8 |1676(1.78 |13/s | 7s [13.4 | 13%s|2.96 |2'5/46|3.55 |37 |11V46| OYa | 5'
%305" | 89.5 |16.3 [16%/31.63 |15/ | '¥16(13.2 | 13Va |2.71 |2'716]3.30 |3%/8 |15
%279" | 81.9 [15.9 [1578153 |1Y2 | ¥a [13.1 [13Ye |2.47 |22 |3.07 |3%s |15
%252" | 741 |15.4 [15%8/1.40 |1%: | 16[13.0 |13 |2.25 |2Vs |2.85 |3%s |11
%230" | 67.7 [15.1 [15 |1.29 {1516 | "16[12.9 | 127/ | 2.07 |216 |2.67 | 21516172
%210 | 61.8 [14.7 [14%/4/1.18 |1%16 | %8 [12.8 [ 12%2]1.90 |17s |2.50 |21%16| 176
%190 | 56.0 |14.4 [14%5/1.06 {116 | %16 [12.7 | 1258 [1.74 |1%s |2.33 |25/ |1%s
x170 | 50.0 [14.0 [14 |0.960| '5/s| 2 [12.6 | 125 |1.56 |1%16 |2.16 |27h6 |15/16
%152 | 44.7 13.7 [13%40.870| /s | 16 [12.5 [ 12Y2[1.40 |13 |2.00 |25/16 |1V
%136 | 39.9 [13.4 [13%s/0.790| 36| 716 [12.4 |12%|1.25 |[1Va |1.85 |2Vs |1V
%120 | 352 [13.1 [13Y8|0710| 6| ¥ [12.3 [ 1238|111 (17 [1.70 |2 |13
%106 | 31.2 [12.9 [12760.610| 58 | %16 [12.2 |12Vs|0.9901  [1.59 |17 |1Vs
%96 | 28.2 [12.7 [123/40550| %6 | s [12.2 | 12Y8 | 0.900| /8 |1.50 |1'3/15|1s
%87 | 256 [12.5 [12Y2/0515| 2 | a (121 |[12Ye | 0.810| 1%16|1.41 |1116| 116
x79 | 232 [12.4 [12%/0.470| Y2 | Va [121 |12 |0.735| ¥ |1.33 |15 |1V
x72 1 [12.3 [12"/0.430| The | s [12.0 |12 |0.670| "W1e|1.27 (1916 |16
x65'" ((19.D)]12.1 [124(0.390) ¥ | %6 (720912 (060D % (120 |12 |1 | Y| Y

ﬂ
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Table 1-1 (continued)

W-Shapes
Properties
W14-W12
Gompact Torsional
Nom- - gection Axis X-X Axis Y-Y Properties
inal Criteria Fg h,
Wi J Cu
by h ] S r Zz ] S r r4
b/t 2t | & | in® | ind [ in.| in® | int [ ind|in | ind | in | in in4 in®
336 | 2.26| 547| 4060 | 483 6.41| 603 (1190 (177 |347 |274 413|138 | 243 57000
305 | 2.45| 598( 3550 | 435 6.29| 537 (1060 (159 | 342 (244 4.05|113.6 | 185 48600
279 | 2.66| 6.35( 3110 | 393 6.16| 481 937 143 | 3.38 (220 4.00|1134 | 143 42000
252 | 2.89| 6.96( 2720 | 353 6.06| 428 828 127 334 (196 3.93(13.2 | 108 35800
230 | 311| 7.56| 2420 | 321 597| 386 742 115 | 331 (177 3.87(13.0 83.8 31200
210 | 3.37| 8.23| 2140 | 292 5.89| 348 664 |104 |3.28 (159 3.81(12.8 64.7 27200
190 | 3.65| 9.16( 1890 | 263 5.82| 311 589 93.0 | 325|143 377127 | 488 23600
170 | 4.03{10.1 | 1650 | 235 574| 275 517 823 | 322 1126 3.70(124 35.6 20100
152 | 446|112 | 1430 | 209 5.66| 243 454 728 | 319 111 3.66(12.3 25.8 17200
136 | 496123 | 1240 | 186 558| 214 398 642 | 3.16| 98.0 | 3.61|12.2 18.5 14700
120 | 557|13.7 | 1070 | 163 551| 186 345 560 | 313 | 854 | 3.56|12.0 12.9 12400
106 | 617|159 | 933 | 145 547| 164 301 493 | 311 | 751 | 3.52|111.9 913 10700
9 | 6.76/17.7 | 833 | 131 544\ 147 270 444 309 | 675 | 3.49|11.8 6.85 9410
87| 748/189 | 740 | 118 5.38| 132 241 39.7 | 307 | 604 | 346|11.7 510 8270
79| 8.22/20.7 | 662 | 107 534 119 216 358 |305| 54.3 | 34311.7 3.84 7330
72| 899/22.6 597 974 | 531]| 108 195 324 304 | 492 | 341|116 2.93 6540
65 (9.9)249Y) 533 | 87.€] 5280968 | 174 | 20C(302D44.1 | 3.38[11.5 | 218 | 5780
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(1.0)(20 ft.)(12)

o __ Y =79.5 (controls)
r, r, 3.02
<200 OK

=45.5 <200 OK.

L, KL, (1.0)(20ft)(12)
r. 5.28in

I!ABLE B4.1a

Width-to-Thickness Ratios: Compression Elements
Members Subject to Axial Compression

L
The larger — value governs.
r

Check the slenderness criteria for compression elements:

For W12x65,
b; =12 in. (b=b, /2=12/2 =6 in.)
t; =0.605 in. (Table 1-1 AISCM)

t, = 0.39 in.

h=d -2k, =12.1-(2)(1.20) = 9.7 in.

"’gg_g,ﬁ E. -13.48 OK. Flange
¢ Fy

‘h<1_49 E -3588 OK. Web
t, F,

You can also get these values from
table 1-1 AISCM......See previous slide

It

Limiting
B Width-to- | Width-to-Thickness
¢3| Description of | Thickness Ratio &,
Element Ratio  |(nonslender/slender) Examples
1 | Flanges of rollad s]
I-shaped sections, '_':Jr = b
plates projecting [ b =i
from rolled I-shaped E=II T
sections, outstanding (E .
logs of pairs of anglks b 0.56 — I
connectad with con- 3 5' ! I—Ir &
tinuous contact, T )
flanges of channels, T‘[r
and flangss of teas
g 2 | Flanges of built-up Ia] b
E l-shaped sections — i N —
5 and pla‘r,?s or angle bt 064 kE " J_r
legs projecting from ',II Fy ?:l‘r
E built-up l-ehapad i L . v
2 sections
=
E 3 Lag:s n:-lliin.gllal I'_b'l—lt |.l|_|r _
— angles, legs o Em_ =
double angles with E ! E E ! ﬁﬁ lﬂ
separators, and all b 045 — T
other unsfiffenad VA "_'_ll
alements W T
h:s
4 | Stems of tees =i -
dn 075 1= T o
Vh =
5 | Webs of doutly —
symmetric rolled and A 1.43 |£ Mt [ f—te |h -t ’h
built-up -shaped sec- e YRy
tions and channels
6 | Walls of i
=3 |
rectangular HSS b 140 I£
X E 1
VEy EILIE
£ T(RA It & Lo
ange cover plates
E and diaphragm 'E LE_BlJ'! .E.i'
ﬂ plates betwesn lines b 140 IF_ T il
o of tastenars or welds Ve i
E | o e
= | 8 | All other stifiened = b
@ alaments b 140 |£ |
VE n
+
@ | Aound HSS
E o
D 011— - -
=

Dr. Ra'ed Al-Mazaidh
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Therefore, the component elements are non-slender.
Determine the flexural buckling stress, F,,:

The maximum slenderness ratio for inelastic buckling is

4.71 £ :4.71,|'29’000 =113.4
FJ 50

Since Ze KL _

79.5 <113.4, this indicates that the failure mode is by inelastic flexural
F Fr

2E  (7°)(29,000)

F, = _ = ——— =45.3 ksi
(KL/r) (79.5)"
the flexural buckling stress is
i a0
F, =10.658" }Fy = [0.6584*”-3}(50) =31.5 ksi

The nominal axial compressive strength of the column is

P, = F,A, =(31.5)(19.1) = 601.6 kips

The design compressive strength of the column is determined:
4P, =(0.90)(601.6) = 541 kips
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Method 2: Using slenderness ratios and AISC Available Critical Stress Tables (AISCM,
Table (4-22)

From AISCM Table (4-22) the critical compression stress, ¢ F, ., could be obtained directly by

cr2
. .. L . .
entering the table with —= = KL 79.5 and F,, = 50 ksi. A value of ¢ F,. = 28.4 ksi

r r
1s obtained, which confirms the design axial compression strength as

0.F, A, =(28.4ksi)(19.1in.” ) = 542 kips.

[
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Table 4-22 (continued)
Available Critical Stress for
Compression Members

Fy= 35 Ksi F,= 36 ksi F,= 42 ksi Fy= 46 ksi (F=50ksi)

Fer/Q) F FerlQ F Fer/Q F Fer/Q F Fer/C2 F
ﬂ CF-G qjﬂff ﬂ ﬂ'-ﬂ q]C:'h" ﬂ cr-c q:'ﬂff KL Gf-ﬂ q]C:ﬂ' Kf_ CF-G qjﬂf!f
T Ksi ksi T ksi ksi r ksi ksi T ksi ksi T ksi ksi
ASD | LRFD ASD | LRFD ASD | LRFD ASD | LRFD ASD | LRFD

78 | 154 | 231 |78 | 156 | 235 |78 | 173 (260 | 78 | 183 | 275 | Z8.1 19.2
79 152 229 |79 | 1585 | 233 |79 | 171 (258 |79 | 181 |27.2 |79 | 19.0 (|28.5
80 | 151 | 227 | 80 | 154 | 231 || 80 | 170 (255 | 80 | 178 | 269 | 80 )18.8 (282

ASD LRFD

Qc=1.67]0,= 090

Dr. Ra'ed Al-Mazaidh



Method 3: AISCM Available Strength in Axial Compression Tables (AISCM Tables 4-1
through 4-12)

WEF sections (Table 4-1)

Alternatively, the design axial compression strength could be obtained directly from Table 4-1
of the AISCM (i.e., the column load capacity tables). Enter the table with L, = KL, = 20 ft.
and obtain ¢.P, = 542 kips.

Dr. Ra'ed Al-Mazaidh
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Table 4-1 (continued)
Available Strength in
Axial Compression, Kkips

W-Shapes W12

Shape W2

b/t 9 07 n ) _ .,A‘EET

Follly | dofy | Pyl | dePn | Polll; | P | Poflle | doPh

g
]

ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD

844 | 1270 | Ta6 1150 | 695 | 1040 | @32 244 Br2 a5l

0

6 a1 1220 | Va6 110 | 667 | 1000 | B06 amn B40 25
T 00 | 1200 | V26 1090 | 65T aaa Ba7 goa B40 a2
2] T8T | 1180 | ¥14 | 1070 [ G646 & BAT ga3 Bal a8
9 2 | 1160 | T0O0 1os0 | 634 253 T il B21 783
10 6 | 1140 GG 030 | 620 @32 BG4 847 810 TG

11 738 | 1110 670 1010 | 606 a10 550 B2v 447 ™7
12 T20 | 1080 653 580 887 536 B0G 484 T8
13 T 1050 i 574 a62 521 73 4710 T
14 B850 | 1020 B16 666 836 505 [t 456 i
15 il 2an oG Bad &04 450 735 44 663

BTG 620 Ikl 472 7o 426 &40
17 614 823 BAG B01 753 455 683 410 616
18 50 oo 534 481 723 437 656 303 591
BET Bs2 512
543 i 440

405 744 444
47 G2 403
0z 360
36 B35 a9
A2 469 280

74 413 246
243 365 218
a7 326 194
195 203 174
176 264 167

a2 | eos | a0 | sz | 360 |(s42

G604 364 547 327 42
362 B4 328 403 204 442
323 486 202 440 262 304
286 430 24 LS 231 348
250 376 £26 340 202 3

220 an 144 209 178 27
195 203 176 265 1567 238
174 261 157 236 140 21
156 23 14 212 126 154
141 212 127 1 114 1M

Effective length, KL (D), with respect to least radius of gyration, r,
=
&
&

HEBNE REERT SIBER RREE
&

TP saﬁﬁx@-
£
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Example

Using the LRFD method, determine the design compressive strength for a pin-ended
HSS 8 x 8 x %/ column of Fy= 46 Ksi - steel with an unbraced length of 135 ft.

Solution
Unbraced column length, L = 13.5 ft.

Pin-ended column: K =1.0,
L, = KL =(1.0) (13.5)=13.5 ft.

For HSS 8 x 8 x ?/g fron AISCM Table (1-12)  we find the cross-sectional properties as
follows:

.2
Ag =10.4 1n.

ry =", =3.10 1n.

13.5 ft.)(12
L, ZKL _ (1'0) -( - -)( - )=j 52.26<200 OK.
ror 3.10
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Dimensions and Properties

Table 1-12
Square HSS

HSS16-HSS8
Des
walr Nom- | praa Work-|  Torsion Sur-
Thick- | inal ' ! S r Z | able face
Shape ness, | Wt A | bit| hit Flat | J | ¢ | Area
in. | Ib/ft | in2 in* | ind | in. | in?®| in | in® | in® | ft¥it
HSS8xBx%/s |0.581 | 59.32|16.4 (108 [10.8 | 146 | 365 |2.99 | 447 | 5% | 244 | 63.2 | 2.50
x'2 |0.465| 48.85|135 |14.2 (142 | 125 | 31.2 [3.04 | 375 | 5% | 204 | 524 | 2.53
s |0.349| 37.69/0.4)(19.9 119.9 | 100 | 249 (B.10)| 294 | 6% | 160 | 407 | 2.57
he|0.291 | 3184 B.76(245 (245 | 856| 21.4 |3.13 | 251 | 6% | 136 | 345 | 2.58
xVs |0.233| 25.82| 7.10{31.3 (313 | 70.7| 17.7 [3.15 | 205 | 6% | 111 | 28.1 | 2560
36| 0.174 | 19.63| 5.37|43.0 (430 | 54.4| 136 [3.18 | 167 | 7%s| 845 | 21.3 | 262
s |0.116| 13.26| 3.62|66.0 |66.0 | 37.4| 934321 | 107 | 77hs | 57.3 | 14.4 | 263

Dr. Ra'ed Al-Mazaidh
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Method 1: Using slenderness ratios and the AISC equations

Check the slenderness criteria for compression elements:

le. 199< 1.4[]4-29&19 = 35.10K
46

;- 19.9 from = AISCM Table (1-12)
)

Therefore, there are no slender elements in this column section.
Determine the flexural buckling stress, F, .
The maximum slenderness ratio for inelastic buckling is

Recall

L

071 [E _ g7y [22000 _ g4
F, 46
L, KL

The AISC critical flexural buckling stress, F,,, is determined as follows:

When KL: e <471 ' £ (or when F, <2.25F, or F, > 0‘44F\.],
r r F, ; ’ k

F,
F, = [DAG:':SP“

(or when F, >2.25F, or F, < 0.44F_\__).

F, =0.877F,

F, AISC equation E3-2

AISC equation E3-3

Since T{?ZT: 52.26<118.2
therefore, When KL Lo o0 JT

The Euler critical buckling stress is

2 g n*)(29,000) .
F,=—— 2=( ) - 104.80 Ksi
(KL/r)"  (52.26)
The flexural buckling stress 1S:
7 (Toss)
F., = (0.658F¢) F, = (0.658\1043) )(46)= 38.28 Ks

The nominal axial compressive strength is
P, - F,A, - (38.28)(10.4)= 398.11 Kips
&P, = (0.9)(398.11)= 358.3 Kips

Dr. Ra'ed Al-Mazaidh

TABLE B4.1a
Width-to-Thickness Ratios: Compression Elements
Members Subject to Axial Compression
Limiting
B Width-to- | Width-to-Thickness
& | Description of | Thickness Ratio x,
Element Ratio  |{monslender/slender) Examples
1 | Flanges of rolled I5)
I-shaped sections, '_':]r b
plates projecting 1 By I_I—IE
from rolled l-shaped =|t E T
sections, outstanding E
legs of pairs of angles b 0.36 — e
connactad with con- VA I l_lr 5
tinuous contact, T I—|_|r
flanges of channels, T‘[
and flangss of iees
'E 2 | Flanges of buil-up a] B
E I-shaped sections CE l e
o and plates or angle b %= L
m legs projecting from EI'541,II Fy i f‘?i‘rr
E builltup l-shaped A R
] sections
=
ﬁ 3 | Legs of single |.—t’.| | |.i.| |
= angles, legs of EE:% ﬂ Fm’:f T
double angles with E ! ! ﬁﬁlﬂ
separators, and all bt 045 — T
other unstffensd Vh -
alemants K T
A
4 | Stems of tees E —
dr D'?E\'Fy E ¢ |d
5 | Webs of doubly = — =
symmetric rolled and it 1.49 |£ I fe |h —f—ta ’h
built-up l-shapad sec- e VFy
tions and channals -
6 | Walls of f
= |
rectangular HES bt 1.40 IE
) E 1
— 2 )
E T | Flange cover plates b 2y
E and disphragm |'E lEEJ'? o L
& plates betwsan lines bt 140, | — T o
= of fastenars or welds L i
E = =
= | 8 | Al other stifiened = b
& slamants bt 1.49 |£ |
VA H
e
@ | Aound HSS
DA o1 15 —@—
Fy
It
12l i, = &,/ { £, , but shall not be taken less than 035 nor greater than 0.76 for calculation purposes.
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Method 2: Using slenderness ratios and AISC Available Critical Stress Tables (AISCM,
Table (4-22)

From AISCM Table (4-22) he critical compression stress for LRFD, ¢ F,,, is obtained directly by

[

KL = 52.26 and Fy=46 Ksi . A value of ¢ F,. = 34.45Ksi is obtained
r r

therefore, the design axial compressive strength is

entering the table with

0.F, = 4.F.,A; =1 (34.45) (10.4)= 355.3 Kips
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Table 4-22 (continued)

Available Critical Stress for
Compression Members

Fy= 35 ksl Fy= 36 ksl Fy = 42 ksl €=kl )| F=50ksl

K Fer/Q¢ | GgFer Xl Fer/Cg | teFer XL Ferfe| GcFer XL Fer/Sdg | tcFer XL Fer/Slc| deFer
a3 ksl ksl Na ksl ksl T ksl ksl T ksl ksl T ksl ksl

ASD | LRFD ASD | LRFD ASD | LRFD ASD | LRFD ASD | LRFD
41 1192 | 289 (41 (1907 | 297 | 41 | 227 | 341 41 | 246 (370 (41 | 26.5 | 39.8
42 1192 | 288 (42 (196 | 295 || 42 | 226 | 339 |42 | 245 | 368 | 42 | 26.3 | 39.5
43 | 191 | 287 (43 (196 | 294 || 43 | 225 | 337 | 43 | 243 | 366 | 43 | 26.2 | 39.3
44 |1 19.0 (285 (44 (195 | 2903 || 44 | 223 | 336 | 44 | 242 | 363 | 44 | 26.0 | 391
45 | 189 | 284 | 45 (194 | 291 45 | 222 [ 334 | 45 | 24.0 | 361 45 | 258 | 388
46 | 18.8 | 283 | 46 (193 | 290 || 46 | 221 | 33.2 | 46 | 239 | 359 | 46 | 25.6 | 385
47 | 18.7 | 284 47 | 192 | 289 47 | 22.0 | 33.0 47 | 23.8 | 35.7 47 | 255 | 38.3
48 | 18.6 | 28.0 | 48 [ 1941 287 || 48 | 21.8 | 328 |48 | 236 | 354 | 48 | 253 | 38.0
49 (185 | 27.0 49 (190 | 28.5 49 | 21.7 | 326 49 | 234 | 35.2 49 | 251 3r.7
50 | 184 | 277 (50 (189 | 284 || 50 | 216 |324 | 50 | 23.3 | 350 | 50 | 249 | 375
51 | 183 | 276 |51 (188 | 283 | 51 | 21.4 | 322 [L&l 23.1 51 | 248 | 37.2
52 | 183 | 274 | 52 [ 187 | 281 52 | 213 | 32.0f| 52 Z?}.ﬂ 34510 52 | 246 | 36.9
53 | 182 | 273 || 53 [ 186 | 28.0 || 53 | 21.2 | 31.8 (53 28 || 343 ]| 53 | 244 | 36.7

52.26 34.45
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Method 3: AISCM Available Strength in Axial Compression Tables (AISCM Tables 4-1
through 4-12)

HSS sections (Table 4-4)

Alternatively, the design strength could be obtained directlv from the AISCM column load
capacity tables (Table 4-4), but these are only listed for. F,=46 Ksi  Enter the table with KL = 13.5 ft.
and interpolate to obtain ¢.P, = 358 Kips for F =46 Ksi

Dr. Ra'ed Al-Mazaidh
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Table 4-4 (continued)
Available Strength in
Axial Compression, kips

HSSO-HSS8 Square HSS
Shane H559: 9 H558 < 8
P 3116° 175" S/g 2 s e
Tdesign, IN. 0174 0.116 0.581 0.465 0.349 0.291
Ib/Tt 22.2 15.0 59.3 48.9 37.7 31.8
Desian PolQg | GcPy | PalS| Gy |PolQc| OcPy | PalS¢| OcPy | PalQe| OcPn | Pa/S¢| Py
g ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
0 134 20 644 | 968 | 452 679 | 372 559 | 286 431 24 363
(] 132 198 63.8 | 95.9 | 434 653 | 358 538 | 276 415 233 | 350
T 13 197 63.6 | 95.6 | 428 644 | 353 531 | 273 410 230 | 346
8 130 196 63.4 | 952 | 421 633 | 348 523 | 269 404 226 | 340
! 130 195 63.1 | 948 | 414 622 | 342 513 | 264 397 223 | 335
I'---t" 10 129 193 62.8 | 944 | 405 609 | 335 503 | 259 389 219 | 329
E 11 128 192 62.4 | 93.9 | 396 ha6 | 328 492 | 254 381 214 322
% 12 126 1490 621 | 93.3 | 386 581 | 320 481 | 248 372 209 | 315
5 125 188 61.7 | 92.7 | 376 565 | 311 468 | 242 < 363 204 307
s 124 186 61.2 | 92.0 | 365 549 | 303 455 | 235 353 / 199 | 299
% 15 122 184 60.7 | 91.3 | 354 32 | 294 441 | 228 343 193 | 290

Dr. Ra'ed Al-Mazaidh
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DESIGN PROCEDURES FOR COMPRESSION MEMBERS

(a) (b) (c) (d) (e (f)
IR N TR
a) calculate the factored axial load on the column, P,,. 1
Buckling modes
b) Obtain the recommended effective length factor, K, fmm@nd calculate
the effective length, L, = KL, for buckling about each axis.

~F
-+

C) Enter the column load capacity tables (i.e., AISCM, Tables 4-1 through 4-12) with

K L Theoretical K value 0.50 0.70 1.0 1.0 2.0 2.0
L. = KL which is the larger of —*—* and K L., and find the lightest column section "~ |Recommended design K
c = ¥ when ideal conditions are] .65 0.80 1.0 1.2 21 24
T, approximated
F. e . -
. T Rotation fixed, translation fixed
i End condition legend =~ Rotation free, translation fixed
that has a design strength, ¢.P, = the factored load, P, for the LRFD method ' ¢ B3 Roution fixed, translation free

T Rotation free, translation free

Adapted from AISCM Table C-A-7.1 [1]. Copyright © American Institute of
Steel Construction. Reprinted with permission, All rights reserved.

FIGURE 5-4 Effective length factors, K, for idealized support conditions
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EXAMPLE

Using LRFD Method, select a W14 column of ASTM A992, Grade 50 steel, 14
ft. long, pinned at both ends, and subjected to the following service loads:

P, =160 kips

P, =330 kips
Solution

* A992, Grade 50 steel: F,, = 50 ksi  AISCM Table (2-4)
 Pinned at both ends, K = 1.0
« L=141ft;L, =KL = (1.0)(14) = 14 ft.

The factored load, P, =1.2P;, +1.6P; =1.2(160)+1.6(330) = 720 kips.
From the column load capacity tables in part 4 of the AISCM, find the W14 tables for
F, = 50 ksi (1.e., AISCM Table 4-1a).
" Enter these tables with L. = KL = 14 ft. and find the lightest W14 that has a design com-
pression strength, ¢, = P,.
We obtain a W14 x 82 with an axial compression strength, ¢.P, =774 kips > P, = 720kips.
(Note: §.P, = 701 kips for W14 x 74, so the W14 x 74 column size is not adequate.)

Dr. Ra'ed Al-Mazaidh
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EXAMPLE

Selecta W12 column of an ASTM A992, Grade 50 steel column to resist a factored compression load, P, = 780 kips.
The unbraced lengths are L, = 25 ft. and L, = 12.5 ft. and the column is pinned at each end.
Solution
1. P, = 780 kip
2. L.,=K, L, = (1.0)(25ft.) = 25 ft. (strong axis)
L, =K, L, =(1.0)(12.5 ft.) = 12.5 ft. (weak axis)

3. Initially, assume that the weak axis governs, that is, L, = KL = K L,. Enter the column
load capacity table (AISCM Table 4-1) with L, = KL = K L, = 12.5 ft.

Select W12X72 ¢.P, = 794.5 Kips (see the next slide -red color circles)
4. W12X72, the radius of gyration about x-axes are:
r=5.31in., r=531in., and
rX/ry=1.75 (from AISCM Table 4-1);
thus, the effective length for buckling about the x- and

y-axes, respectively, are:

K _L 5 ft.
X _ 213:} =14.3 ft. (the larger value controls)
[EJ 75

K L, 6 =125 ft. "’



12.5 ft

14.3 ft

Table 4-1 (continued)

Available Strength in

F, = 50 ksi i . .
y
Axial Compression, Kips
W-Shapes W12
Shape W1i2x
Ib/ft 96 87 79 72
DESign PHIQB ¢BPH PITIQC ¢CPH PHIQC (bcpn PHIQB ¢an PHIQE.‘ ¢an
ASD LRFD ASD LRFD ASD LRFD ASD | LRFD ASD LRFD
0 844 1270 766 1150 695 1040 632 949 o972 859
- 6 811 1220 736 1110 667 1000 606 911 549 825
;_ 7 800 1200 726 1090 657 988 597 898 540 812
S 8 787 1180 714 1070 646 971 587 883 231 798
o 9 772 1160 700 1050 634 953 576 866 521 783
> 10 756 1140 685 1030 620 932 564 847 510 766
3 11 739 1110 670 1010 606 910 550 497 747
E & 720 1080 653 981 590 887 536 806 484 728
£ 701 1050 635 954 YL 862 521 83 470 707
'E?' $ 680 1020 616 925 256 836 505 59 ’ 456 685
2 659 990 596 896 238 809 489 735 441 663
=
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Therefore, the original assumption in step 3—that the weak axis (1.e., y-axis) controls—
was incorrect; the strong axis (i.e., the x-axis) actually controls.

5. Enter the W12X72 column load capacity tables (AISCM Table 4-1a) with
K. L

—* * —14.3 ft. and we obtain the following allowable compression loads for the

:

unbraced lengths of 14 ft and 15 ft, from which the allowable compression load for the
unbraced length of 14.3 ft. can be obtained by linear interpolation:

L, = KL (ft.) o.P,, (kips)
14.0 759
>— See the previous slide (blue color
14.3 752 circles)
15.0 735

For W12 x 72, .F, = 752 Kips < P, = 780 kips NOT OKAY
—ey S€lect another section heavier than W12X72

Select W12X79
Dr. Ra'ed Al-Mazaidh
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For W12 x 79, the radius of gyration about the x- and y-axes are
r, =5.34 in.,

r, =3.05 in., and
’"x/’} =1.75 (from AISCM Table 4-1);

thus, the effective length for buckling about the x- and y-axes, respectively, are

[

_25 ft

H

.‘&:

)

=14.3 ft. (the larger value controls)

"‘:I"‘I

y =12.5 ft.
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Enter the W12 x 79 column load capacity tables (AISCM Table 4-1a) with
K._L

—* * —14.3 ft. and we obtain the following allowable compression loads for the

:

unbraced lengths of 14 ft and 15 ft, from which the allowable compression load for the
unbraced length of 14.3 ft. can be obtained by linear interpolation:

L, = KL (ft.) ¢.P,. (kips)
14.0 836
>— See next slide
14.3 827
15.0 809

For W12 x 79, ¢.P, = 827 kips > P, = 780 kips =~ OK.
Use a W12 x 79 column.
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14.3 ft

Table 4-1 (continued)

Available Strength in

F, = 50 ksi - . .
y
Axial Compression, kips
W-Shapes W12
Shape Wi2x
Ib/ft 96 87 79 72
ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
0 844 | 1270 | 766 | 1150 | 695 | 1040 | 632 949 572 859
. 6 811 1220 | 736 | 1110 | 667 | 1000 | 606 911 549 825
;_ 7 800 | 1200 | 726 | 1090 | 657 988 597 898 540 812
S 8 787 | 1180 | 714 | 1070 | 646 971 587 883 531 798
© 9 772 | 1160 | 700 | 1050 | 634 953 576 866 521 783
= 10 756 | 1140 | 685 | 1030 | 620 932 564 847 510 766
o 11 739 | 1110 | 670 | 1010 | 606 910 550 827 497 747
= 12 720 | 1080 | 653 981 590 536 806 484 | 728
& 701 1050 | 635 954 574 521 783 470 707
@ 680 | 1020 | 616 925 556 505 759 456 685
© 659 990 596 896 538 489 735 441 663
=4
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