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Steel Beam Design

* Design Method
* hot rolled production

» cold formed steel
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Design of Steel Beam — Procedure (zone 1)

1. Use the maximum moment equation, and
solve for the ultimate moment, Mu.

GN A - )
2. Set Mn = Mu and solve for Mn et ?‘ Z:
vLLy
3. Assume Zone 1 to determine Zx required
_ _ s : 2200 ¥er

4. Select the lightest beam with a Zx greater TT 1T L ULT

than the Zx required from AISC table A j

5%

5. Determine if h/tw < 59 ’L' :

(case 1, most common)

= %
6. Determine Aw: M. : lu,-(, . Lloo P20,

Aw =d tw o &
7. Calculate Vn: Mo 247 Boo #Fr :247.5 ¢er
Vn=0.6 Fy Aw Md 4 M\/ . Z‘%’)‘.fur: 296 ke
8. Calculate Vu for the given loading @ ©%°

Vu=w,L/2 (e.g.unif. load)

9. Check Vu<¢ Vn
¢ forvV=1.0

10. Check deflection
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Design of Steel Beam

Example - Bending
G\NE,A.' f:\,( s BDye,)
Applied Load: Fouy Stacen

DL =500 plf LL =1000 plf
P P W : 2200 ﬁ/Fr

|| | | ‘i
o 4

Y

1. Use the maximum moment

equation, and solve for the : % 2
ultimate moment, Mu. Mu » w,-/ . oo P20,

°© &
2. Set ¢Mn = Mu and solve for Mn Mo-247 500 #Fr 2:247.5 ver

My = M‘%j Yaril i, e
b

ol [~
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326 DESIGN OF FLEXURAL MEMBERS

Design of Steel Beam

W-Shapes Fy = 50 ksi
Selection by Zy

Example - Bending 7 Table 3-2 (continued)
X

2 Mox! Qb OMpx | M/ | G6Mrx | BF/Qp| OnBF Vil Q| Ovbx
Shape & kip-ft | kip-ft | Kip-ft | kip-ft | kips | kips kips | kips

3. Determine Zx required (assume zone 1) 2 E EE F e 3

W21x44 954 | 238 | 358 [143 | 214 | 111 [168 | 4.45| 130 | 843 | 145 | 217
M — F Z W16x50 920 | 230 | 345 |141 213 | 769|114 | 562 | 17.2 | 659 124 |186

n - y X W18x46 90.7 | 226 | 340 |138 | 207 | 9.63 | 146 | 456 | 137 | 712 | 180 | 195
W14x53 87.1°| 217 | 327 |136 | 204 | 522 | 7.93| 678 | 223 | 541 | 103 | 154
W12x58 86.4 | 216 | 324 |136 205 382 | 569 | 8.87| 298 | 475 87.8 | 132

W10x68 853 | 213 | 320 |132 199 258 | 385| 9.15| 406 | 394 97.8 | 147
W16x45 823 | 205 | 309 [127 | 191 712|108 | 555| 165 | 586 | 111 | 167

W18x40 784 | 19 294 |19 180 894 | 13.2 4.49 | 131 612 | 113 169
. . Witxds | 784 | 196 | 204 [123 | 184 | 509 767 | 675| 211 | 484 | 938 141
4. Select the ||ghtest beam Wlth a ZX greater Winss | 779 | 184 | 252 123 | 165 | a65| 550| 676 | 282 | 425 | 835|125

W10x60 746 | 186 | 280 |116 | 175 | 254 | 382 | 9.08 | 36.6 | 341 | 857 129

than the Zx required from AISC table woar | 150 | 182 |z |18 | 10 | 67|00 | 555 | 159 | 518 | 978 166
W12x50 719 | 179 | 270 |112 169 397 | 598 | 692 238 | 391 90.3 | 135

W8x67 701 | 175 | 263 | 105 159 175| 259 | 749 | 476 | 272 | 108 154
W14x43 696 | 174 | 261 |109 164 488 | 7.28| 668 | 20.0 | 428 836 | 125
W10x54 66.6 | 166 | 250 |105 158 248 375| 9.04 | 336 | 303 | 747|112

ﬁ W18x35 66.5 | 166 | 249 |101 151 8.14 | 123 431 | 123 | 510 {106 | 159

W12x45 64.2 | 160 | 241 [101 151 3.80 | 580 | 689 | 224 | 348 | 811|122
W16x36 640 | 160 | 240 | 98.7 | 148 | 6.24 | 936 | 537 | 152 | 448 | 938 [ 141
W14x38 615 | 153 | 231 | 954 | 143 | 537 820 | 547 | 162 | 385 | 87.4|131
W10x49 60.4 | 151 227 954 | 143 246 | 371| 897 | 316 | 272 68.0 | 102

IZ‘ Wexs8 | 598 | 149 | 204 | 908 | 137 | 170 | 255 | 7.42| 416 | 228 | 893|134
M 275 wer Wi2x40 | 57.0 | 142 | 214 | 899 | 135 | 366 554 | 685 | 21.1 | 307 | 702 [ 105
" N = Wiox4s | 549 | 137 | 206 | 858 129 | 259 | 389 | 7.10 | 269 | 248 | 707 | 106
Z — v
Xeeo's i F - Wi4x34 | 546 | 136 | 205 | 849 | 128 | 501 | 755 | 540 | 156 | 340 | 798120
= Wi631 | 540 | 135 | 203 | 824 | 124 | 686 (103 | 413 | 11.8 | 375 | 875131
Y S0 ko)

W12x35 512 | 128 | 192 | 796 | 120 | 434 | 645| 544 | 166 | 285 | 75.0 | 113
W8x48 490 | 122 | 184 | 754 | 113 | 167 | 255| 7.35| 352 | 184 | 68.0 | 102

g Widx30 | 47.3 [ 118 | 177 | 784 | 110 | 463 | 695 | 526 | 149 | 201 | 745|112

Z - G (9 I W10x39 | 468 | 117 | 176 | 785 | 111 | 253 | 378 | 699 | 242 | 209 | 625 937
U

Réao W16x26' | 442 | 110 | 166 | 67.1 [ 101 | 593 | 898 | 396 | 112 | 301 | 705|106

Wi2x30 | 431 | 108 | 162 | 67.4 | 101 | 397 | 596 | 537 | 156 | 238 | 640 959

; ?ELE“ (A-) l b ‘ b g ASD LRFD | " Shape does not meet the /4y limit for shear in AISC Specification Section G2.1(a) with £, = 50 ksi;

therefore, &, = 0.90 and 2, = 1.67.

Qp=167 | 0, =090
Q,=150 | 0,-1.00

AMERICAN INSTITUTE OF STEEL CONSTRUCTION
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Design of Steel Beam
Example - Shear

5. Determine if hitw < 59 Fuo Y  Ftom Tomse For A
(case 1, most common) to

Wlern s
6. Determine Aw:
Aw =d * tw \°/£u= 52.5 <« B

Y
1/& L3} k ——
[ Table 1-1 (continued) Table 1-1 (continued)
o W-Shapes W-Shapes
. Dimensions Properties
b k \ W18-W16
) 4
Web Flange Distance Compact Torsional
% . 2 .
Area,| Depth, Thickness, | 1y Width, . X Work- m:n Axis X: Axis Y-Y rs | b Properties
Shage. | A g 1 z| b 1 ki | T | able 2 J G
d 4 4 Kaes | Kaot Gage | b, [ h | 1 s [r] z I [ s]r]z il
: in2 in. in. in. in. in. in. [ in. [ in. [in | in. ] 26| & | ind | in3 |in [ ind | in# [ ind | in | in3 | in. | in in4 in$
W18x46° | 135 [18.1 [18 |0.360| ¥s | %16 | 6.06| 6 |0.605| %5 |1.01 |1Vs | '16|15Y2| 3v9 | 601|446 | 712 | 788 |7.25| 907 | 225 | 7.43/129| 117 | 158175 122 1720
x40° | 11.8 [17.9 [1775{0.315 %16 | 316 | 6.02| 6 |0.525| Y2 |0.927|1%6 | *¥/6 * * 573509 | 612 | 684 | 7.21) 784 | 191 | 6.35[1.27| 10.0 [ 1.56{17.4 | 0810 | 1440
x35¢ | 10.3 [17.7 |17%]0.300| 516 | 316 | 6.00| 6 |0.425| 716 |0.827|1%6 | ¥a 7.06/535 | 510 | 57.6 | 7.04| 665 | 153 | 512(1.22| 806| 1.51{17.3 | 0506 | 1140
W16x100 | 29.4 [17.0 |17 [0.585 %6 | %6 [10.4 |10% [0.9851  |1.39 (17 |1Ys [13Vs| 5% | 629|243 | 1490 | 175 | 7.10| 198 | 186 | 357 |251| 549 | 292|160 | 773 | 11900
%89 | 26.2 [16.8 |16%4(0.525( 2 | Va |10.4 [10%s|0.875| /s |1.28 1% |1V1e 592(27.0 | 1300 | 155 | 7.05 175 | 163 | 314 [249| 48.1 | 288|159 | 545 | 10200
x77 | 22.6 [16.5 |16"2]0.455| 76 | Ya [10.3 | 10Y4 {0.760| ¥4 |1.16 1% |1V 6.77(31.2 | 1110 | 134 |7.00( 150 | 138 |26.9 | 247 | 41.1 | 2.85(157 3.57 8590
x67° | 19.6 |16.3 |16%5)0.395] ¥s | 316 [10.2 | 10Ya | 0.665| V16| 1.07 [1%16 |1 7.70(359 | 954 | 117 | 696 130 | 119 | 232|246 355 | 282156 | 239 7300
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Design of Steel Beam
Example - Shear

h
5. Determine if h/tw < 59 Fino /f Feor ThLES Fo2o A
(case 1, most common) 1
LB rs S

6. Determine Aw: \ o
Aw =d * tw /L\J' b%-s < So‘
7. Calculate Vn: \Nu®: O AL

Vn = 0.6*Fy*Aw
2 O b 'SP '(17.7";,5'3
8. Calculate Vu for the given loading -
Vu=w,L/2 (unif. load) - 154,25

9. Check Vu < ¢, Vn \u: 2200%6r - 20", %2 oo™
b, =1.0 &

\/u .4- ¢v \/n.\
22 ¢ (10) 1157 1 |1;.° (@&
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Steel Beam Deflection

Deflection limits by application
IBC Table 1604.3

For steel structural members, the DL
can be taken as zero (note g)

vl 18%x35

4
5’“"(4.}

A = 384 EI

5 (1 5o 1728
284 (29000 L )(s‘lo N4

rn?

. = 1.23
DL deflection can be compensated for
by beam camber Y, 300 _ |7 < 123 - i
— B omm——.
360 360
TABLE 1604.3 ) 4
DEFLECTION LIMITS® e 5.( |, 535 )( 30) 6'72&5 ‘ 24 "
CONSTRUCTION L | sorw'| D19 A e kit 224 (29000)(512) = e
o
Roof members:®
Supporting plaster ceiling 11360 17360 | 1/240 360" /
Supporting nonplaster ceiling 1240 | 1240 | 1180 ,—L/—P- =, e = 5 2 18T i N4
Not supporting ceiling /180 /180 /120 Ao
Floor members 11360 — 11240
Exterior walls and interior T‘(-\/ W g <o
partitions: o 1240 o
With brittle finishes
i i b - mno | — l.oz !
With flexible finishes ALl =
Farm buildings — — /180 _ =2}
Bz 154
Greenhouses — — /120
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Beam without Camber
Developed by Scott Civian
University of Massachusetts, Amherst
For AISC
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Results in deflection in floor under Dead Load.

This can affect thickness of slab and fit of non-structural components.

University of Michigan, TCAUP

Structures Il

Developed by Scott Civjan
University of Massachusetts, Amherst
For AISC
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Results in deflection in floor under Dead Load.

This can affect thickness of slab and fit of non-structural components.

Beam with Camber:

University of Michigan, TCAUP

Structures Il

Developed by Scott Civjan
University of Massachusetts, Amherst
For AISC
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Results in deflection in floor under Dead Load.
This can affect thickness of slab and fit of non-structural components.

bbb bbb b))

Cambered beam counteracts service dead load deflection.

Developed by Scott Civjan
University of Massachusetts, Amherst
For AISC
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Hot Rolled Shapes

University of Michigan, TCAUP Structures Il Slide 12 of 17




Hot Rolled Shapes
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Cold Form Sections

Photos by Albion Sections Ltd, West Bromwich, UK

A .
SECTIONS

University of Michigan, TCAUP Structures Il Slide 14 of 17




Cold Form Sections

From:

Building Design Using Cold Formed Steel

Sections: Structural Design to BS 5950-5:1998.

Section Properties and Load Tables. p. 276

University of Michigan, TCAUP

C sections
— —

Plain Lipped Sigma
Special sections

[MITITC

Top hat Modified I sections Eaves beam

Compound sections

L 1L L
1 10 1

Figure 2.3

Examples of cold formed steel sections
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Cold Form Sections
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Cold Form Sections
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