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Steel Beams by LRFD

Yield Stress Values

- A36 Carbon Steel  F, = 36 ksi .§’§
* A992 High Strength F, = 50 ksi §'5
25

. . . £5
Elastic Analysis for Bending 2%
=

* Plastic Behavior (zone 1)
M,=M,=F, Z
* Braced against LTB (L, <L)

* Inelastic Buckling “Decreased” (zone 2)
Mn = CyMy=(M,-M)I(Ly-Lo (L L)) < M,
* Ly<Ly <L

» Elastic Buckling “Decreased Further” (zone 3)

M, = C, * /L, V(E*L*G™J + (T*E/L,)2 * 1,C,)
L, >L,

|

]

] Pt of lateral
X i
bracing

L4

L4 L/4 L4

Mp
Mc

5
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ZoNE2 * ZONES

ZONE 1
FULL _J _~— FIRST YIELD
PLASTIC Mr
MOMENT
Mp
>Plastic failure ;( Mp w In:elastic bucklir;; | Elastic buc;(ling -LTB
- ~ MoRE ]
sromm Lp, LD swiary
Lb (Lalerally Unbraced Length)
~oTCompressIion Frange -,
Lp=1.76r, JE/Fy
Mp = F, Z,
Mr=0.7F,S,

C, is LTB modification factor

_ 12.5 Mmax
"~ 2.5 Mmax + 3 MA + 4MB + 3MC

Gy
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Steel Beams by LRFD

Analysis for Bending

+ Plastic Behavior (zone 1)
Mn=M,=F, Z
* Braced against LTB (L,

* Inelastic Buckling “Decreased” (zone 2)
Mn = Cy(My(M,-M)[(Ly-Lo (L L) < M
© L<by <©
* Elastic Buckling “Decreased Further” (zone 3)
Mcr = C, * mi/L \/(E*Iy*G*J + (TME/L,)2 * 1,C,)
 LbxLp

ZONE 1 ZONE 2 P ZONE 3

e o FIRST YIELD
PLASTIC : B
MOMENT ‘

Mp

M Nominal Resisting
n \ Moment of Beam

Plastic failure at Mp | Inelastic buckling : Elastic buckling - LTB
Lp Lr

L Laterally Unbraced Length
b \ of Compression Flange
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Table 3-2 (continued) Z
—_—
4 o Mo/ oMo/ o] oM [ BF/0] 0487 . @ [/ ot
Shape " [ kip-ft | Kip-7t | kip-ft | kip-ft | kips | kips |\ * | kips | kips
in3 | ASD | LRFD | ASD | LRFD | ASD | LRFD | ft | ft | in® | ASD | LRFD
W2ix55 (126 | 314 | 473 | 192 | 289 | 108 | 163 | 6.11| 17.4 | 1140 (156 | 234
Widx74  |126 | 314 | 473 | 196 | 294 | 531| 8.05| 876 | 31.0 | 795 [128 | 192
Wisx60  [123 | 307 | 461 | 189 | 284 | 962| 14.4 | 593 | 182 | 984 [151 | 227
Wi2x79 119 | 297 | 446 | 187 | 281 | 378| 567(10.8 | 309 | 662 (117 | 175
Wi4x68 115 | 287 | 431 | 180 [ 270 | 5.19| 7.81| 869|203 | 722 [116 | 174
W10x88 13 | 282 | 424 | 172 | 259 | 262| 3.94| 920 512 | 534 [131 | 196
Wigxs5 (112 | 279 | 420 | 172 | 258 | 915|138 | 590 | 176 141 | 212
W21x50 (110 | 274 | 413 | 165 | 248 | 121 | 183 | 459 | 136 | 984 (158 | 237
W72 [108 | 269 | 405 | 170 | 256 | 369| 556(10.7 | 375 | 597 [106 [ 159
w2ix48f 107 | 265 | 398 | 162 | 244 | 989|148 | 6.09 | 165 | 959 144 | 216
Wiex57 | 105 | 262 | 394 | 161 | 242 | 7.98| 120 | 565| 183 | 758 [141 | 212
W14x61 102 | 254 | 383 | 161 | 242 | 4.93| 7.48| 865 27.5 | 640 |104 | 156
Wigx50  [101 | 252 | 379 | 155 | 233 | 876|132 | 583 | 169 | 800 [128 | 192
W10x77 976 | 244 | 366 | 150 | 225 | 260| 3.90| 9.18 | 453 | 455 [112 | 169
Wi2x650 | 96.8 | 287 | 356 | 154 | 231 | 358| 5.39(11.9 | 35.1 | 533 | 94.4 | 142
W21ix44 954 | 238 | 358 | 143 | 214 | 111 | 168 | 4.45| 130 | 843 [145 | 217
W16x50 920 230 | 345 | 141 | 213 | 7.69| 114 | 562 17.2 | 659 [124 | 186
W18x46 907 | 226 | 340 | 138 | 207 | 9.63| 146 | 456 | 137 | 712|130 | 195
W14x53 87.1| 217 | 327 | 136 | 204 | 522| 7.93| 678 | 223 | 541|103 | 154
W12x58 86.4 | 216 | 324 | 136 | 205 | 3.82| 569| 887 (298 | 475 | 87.8 | 182
W10x68 853 | 213 | 320 | 132 | 199 | 258| 3.85| 9.15| 406 | 394 | 97.8 | 147
W16x45 823 | 205 | 309 | 127 | 191 | 7.12)| 10.8 | 555| 165 | 586 |111 | 167
W18x40 784 | 196 | 294 | 119 | 180 | 894|132 | 449 | 131 | 612|113 | 169
W14x48 784 196 | 294 | 123 | 184 | 500| 7.67| 6.75| 21.1 | 484 | 938 | 141
W12x53 779|194 | 292 | 123 | 185 | 365| 550| 876 | 282 | 425 | 835 | 125
W10x60 746 186 | 280 | 116 | 175 | 254| 3.82| 9.08 | 366 | 341 | 857 | 129
W16x40 730| 182 | 274 | 113 | 170 | 667|100 | 555 | 159 | 518 | 97.6 | 146
W12x50 719|179 | 270 | 112 | 169 | 397| 598| 692 | 238 | 391 | 90.3 | 135
W8x67 701 | 175 | 263 | 105 | 159 | 1.75| 259| 749 | 47.6 | 272|103 | 154
Wi14x43 69.6| 174 | 261 | 109 | 164 | 488| 7.28| 6.68 | 200 | 428 | 836 | 125
W10x54 66.6 | 166 | 250 | 105 | 158 | 248 3.75| 9.04 | 336 | 303 | 74.7 | 112
ASD LRFD Mshape exceeds compact limit for flexure with £, = 50 ksi; tabulated values have been
adjusted accordingly.
Q=167 | 0p=090
y=150 | 0,=100
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Design for Shear

Steel
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Design for Shear

Shear stress in steel sections is
approximated by averaging the stress
in the web:
F,=VI/A,
A,=d7t,

To adjust the stress a reduction factor
of 0.6 is applied to F,
F,=06F

The equations for the 3 stress zones:
(¢ in all cases = 1.0)

WEB YIELDING (Most beam sections fall into this category)
it s 245 EF, = 59 (for 50 ks steel)

then: (V. = 0.6F,(A.)
PA-C

INELASTIC WEB BUCKLING

—

s0, V= 66 (Zone 1) it 245 EF, < f-s 307 [EF, =74 (for 50ksi steel)
- _1 then: v, =06F, A, 245 /EF /-
Jk . —_— -
i : ELASTIC WEB BUCKLING
Vo it 3.07,/5/F,<tlsaeo
Wep)y 1 === T 425E
j — 18 then: Vv, =A.|: h ?j|
— ()
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Procedure - Analysis of Steel Beams — for Zone 1 L,<L,
Pass/Fail
Given: yield stress, steel section, loading, bracing (L)
Flndp.ngalzs'f’fall Of SeCtlon 1. SIMPLE BEAM—UNIFORMLY DISTRIBUTED LOAD
1. Calculate the factored design load w,, " P ;
_‘r)‘ 1.2wp +1.6w, Acsd-7 B G s e ks (=)
2. Determme the design moment M., EDQ;JWT . (o), s -
M, will be the maximum beam || m '('..'..,I..;) """ -
moment using the factored loads -T-»L{ﬂ’ﬂ e o it
RO T -
3. Insure that L, <L, (zone 1)
L =176 1, JEJFy zone
= Y= =
s
4. Determine the nominal moment, Mn & S
M, = F@ (look up Z, for section) 3% SS’R%E% Mr
— ::
5. Factor the nominal moment 2= "
@Mn = (lgO—Mn 3 Plastic failure at Mp | Inelastic buckling | Elastic buckling - LTB

6. Check that M, < oM, [ASS

Pesien < CTREYL T
7. Check shear —

8. Check deflection ¥~

University of Michigan, TCAUP

Lp Lr

L Laterally Unbraced Length
b of Compression Flange
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Example: Pass/Fail Analysis of Steel Beams — for Zone 1

Given: yield stress, steel section,
loading, braced 24” o.c.

Find: pass/fail of section

1. Calculate the factored design
load w,

w, = 1.2wp + 1.6w

. Determine the design moment
M,. M, will be the maximum
beam moment using the factored
loads.

L

L, <L,

SIMPLE BEAM—UNIFORMLY DISTRIBUTED LOAD

Total Equiv. Uniform Load - wi
i IITﬁ‘HTI L RaV' v w eisiw Suess s --;‘-'
o VB ¢ ¢ ¢ ¢ o ¢ ¢ o ¢ & -.("—l)
T'HT T Imu.(umlu) & BIPINe -—?-
"""\ _{n.....'.....-%u—)
.‘T“ amax. ( at center ) P 3“1%-
i L B Soeiih i A B - 'ﬁ-if (1% —2Ux* 4 x¥)
D= IKFeBEM L = 2kir ~
— = Wz (A4)
! A K992 sTeeL

Fa 50 kst

[~at— SPAN B —#e-r—st— SPAN B —#=
O0——0- O—j FRoM TAGLE (-] AIsc 2,2 944
— L
B ——: wy = LZ(1+.04) + 1.6(3) = f.oF KLE
| z 12
I] Mu: Wu/g - 6'07 ’LF x Z’ » ggg.rk_/
0] R Y Tesar, 8 S -
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Example: Pass/Fail Analysis of Steel Beams — for Zone 1 L, <L,
v | KFrBEMM L= 3K(r
3. | thﬁ[ L, ( 1) fne : 35 Saleds
. Insure that L, <L (zone = A 992
y STEeL
L,=1.76r,E/Fy A Fg’ 5o ks
L, =1.76 (1.26) 1/29000/?0/
L, =53.41in.>24 in. ok
- PRoM TARLE (-] pisc .= 95.44°
4. Determine the nominal moment, M, c Z
M,=M,=F,Z (for zone 1) Maz Fy 2.7 50kt Hdut < 4770k-"
(look up Z, for section) Rl ]
Mn= 430" /2 = 393.5 K/
5. Factor the nominal moment (bq ¢~ 1
. - , , - ) K=
oM. =0.90 M_ gHn = 0,9 (373.5) = 3577
Wsew < STRLUgGTH
6. CheCk that Mu<ﬂMn Hu,_ 333'514—/ < 3{7,?'1-' =4HV\ -
S PAes
University of Michigan, TCAUP Structures Il Slide 8 of 19




Steel Beams by LRFD

Analysis for Bending

+ Plastic Behavior (zone 1)
Mn=M,=F, Z
* L,=4.45ft=534in.>24in.o.c.
BM,, = 358 k-ft > M, = 333.5 k-ft

[
ZONE 1 ZONE 2 ZONE 3

e
2e
88 FIRST Y
& § FULL IRST YIELD
L PLASTIC .
g g MOMENT
z= Mo
SN

c

Plastic failure at Mp Inelastic buckling ! Elastic buckling - LTB

Lr

Laterally Unbraced Length
of Compression Flange

Lp
w

University of Michigan, TCAUP
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Table 3-2 (continued)

Fy =50 ksi W-Shapes Z
{’Hf Selection by 2 X
7 Mpx/2f O6Mpx |Mrx/S2b| 6Mrx | BF/Q2| d0BF @ . p Vix/ Q| &y Vix
Shape " [ kip-tt | kip-tt | ip-ft | kip-t | kips | kips (27| ™ | [ kips | Kips
in® | ASD | LRFD | ASD | LRFD | ASD | LRFD D ft | in® | ASD | LRFD
W2ix55 [126 | 314 | 473 | 192 | 289 [10.8 | 163 | 6.11 | 17.4 | 1140 [156 | 234
Widx74  |126 | 314 | 473 | 196 | 294 | 531| 8.05| 876 | 31.0 | 795 [128 | 192
Wisx60  [123 | 307 | 461 | 189 | 284 | 962| 14.4 | 593 | 182 | 984 [151 | 227
Wi2x79 119 | 297 | 446 | 187 | 281 | 378| 567(10.8 | 309 | 662 (117 | 175
Wi4x68  [115 | 287 | 431 | 180 | 270 | 519| 7.81| 869 | 293 | 722 116 | 174
W10x88 13 | 282 | 424 | 172 | 259 | 262| 3.94| 920 512 | 534 [131 | 196
Wigxs5 (112 | 279 | 420 | 172 | 258 | 915|138 | 590 | 176 141 | 212
W21x50 (110 | 274 | 413 | 165 | 248 | 121 | 183 | 459 | 136 | 984 (158 | 237
Wix72 108 | 269 | 405 | 170 | 256 | 3.69| 556(10.7 | 375 | 507 [106 [ 159
w21x48 1107 | 265 | 398 | 162 | 244 | 989| 148 | 6.09| 165 | 959 (144 | 216
Wiex57 | 105 | 262 | 394 | 161 | 242 | 7.98| 120 | 565| 183 | 758 [141 | 212
Wi4x61 102 | 254 | 383 | 161 | 242 | 4.93| 7.48| 865 27.5 | 640 |104 | 156
Wigx50  [101 | 252 | 379 | 155 | 233 | 876|132 | 583 | 169 | 800 [128 | 192
W10x77 97.6 | 244 | 366 | 150 | 225 | 260| 3.90| 9.18 | 453 | 455 |112 | 169
Wi2x650 | 96.8 | 237 | 356 | 154 | 231 | 358| 5.39(11.9 | 351 | 533 | 94.4 | 142
95.4 | 238 143 | 214 | 111 | 168 | 445] 130 | 843 (145 | 217
T6x50 920 | 230 141 | 213 | 769|114 [“swz] 17.2 | 659 [124 | 186
W18x46 907 | 206 | 340 | 138 | 207 | 9.63| 146 | 456 | 137 | 712|130 | 195
W14x53 871 | 217 | 327 | 136 | 204 | 522| 7.93| 678 | 223 | 541 [103 | 154
W12x58 86.4 | 216 | 324 | 136 | 205 | 3.82| 569| 887 (298 | 475 | 87.8 | 182
W10x68 853 | 213 | 320 | 132 | 199 | 258| 3.85| 9.15| 40.6 | 394 | 97.8 | 147
W16x45 823 | 205 | 309 | 127 | 191 | 7.42) 108 | 555| 165 | 586 |111 | 167
W18x40 784 | 196 | 294 | 119 | 180 | 894|132 | 449 | 131 | 612|113 | 169
W14x48 784 | 196 | 294 | 123 | 184 | 509| 7.67| 675| 21.1 | 484 | 938 | 141
W12x53 779|194 | 292 | 123 | 185 | 365| 550| 876 | 282 | 425 | 835 | 125
W10x60 746 186 | 280 | 116 | 175 | 254| 3.82| 9.08 | 366 | 341 | 857 | 129
W16x40 730| 182 | 274 | 113 | 170 | 667|100 | 555 | 159 | 518 | 97.6 | 146
W12x50 719 179 | 270 | 112 | 169 | 397| 598 6.92| 238 | 391 | 90.3 | 135
W8x67 701 | 175 | 263 | 105 | 159 | 1.75| 2.59| 749 | 47.6 | 272|103 | 154
Wi14x43 69.6 | 174 | 261 | 109 | 164 | 4.88| 7.28| 668 | 20.0 | 428 | 836 | 125
W10x54 66.6 | 166 | 250 | 105 | 158 | 248 3.75| 9.04 | 336 | 303 | 74.7 | 112

ASD LRFD Mshape exceeds compact limit for flexure with £, = 50 ksi; tabulated values have been

adjusted accordingly.
Q=167 | 0p=090
Q,=150 | ¢,=100
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Example: Pass/Fail Analysis of Steel Beams — for Zone 1

7. Check shear for W21x44

WEB YIELDING (Most beam sections fall into this category)
—

L, <L,
CHELeR S14iTAR

FRoA Alec TABLE - _

h
it (== s 2.45 JEF, =59 (for 50 ksi steel h -~ -
= r =59 ¢ ) v =53.6 < 97 (onel)
then: =06F, A,
v .k k
| e ! ' ) g
f Table 1-1 (continued) Table 1-1 (continued)
g S W-Shapes W-Shapes
v—B—
Dimensions Properties b
j e W21-Wi1s
Web Flange Distance bior Compact Torsional
Area, | Depth, . " n = "0m- - Section Axis X-X Axis Y-Y Properties
Shape | A é Thickness, | t, | Width, | T k T v;%?é I\;Il:l Criteria ns | ho ; .
2 br t Kaes | Koot Gage b [/h [l s r| z 1 s[r] z =
in? in. in. in. in. in. in. | in. | in. | in. | in. Ib/ft| 2t k tv 4 in® | ind |in. | ind | in® | ind | in. | in2 | in. | in. in4 in®
W21x93 | 27.3 [21.6 [21%50.580| %6 | %0 | 8.42|8¥s [0.930] 'S/161.43 [1%6 | 'e[18%| 5% 93] 453[323 [ 2070 | 192 | 870[ 221 929 [ 221 184 347 | 224[207 | 6.03 9940
x83¢ | 24.4 [21.4 |21%5{0.515| V2 | Va | 8.36|8% |0.835| '3e[1.34 [1V2 | s 83| 5.00{36.4 | 1830 | 171 | 867|196 | 81.4 | 195 [1.83| 305 | 221|206 | 4.34 8630
X73¢ | 215 |21.2 |21"4/0.455| 716 | Va | 8.30|8Ys |0.740| ¥ [1.24 (176 | Us 73| 560412 | 1600 | 151 | 864 172 | 706 | 17.0 |1.81| 266 | 219|205 | 3.02 7410
x68° | 20.0 [21.1 |21"50.430| 16 | Ve | 8.27|8Ye |0.685| "is|1.19 (1% | e 68| 6.04/436 | 1480 | 140 | 860 160 | 64.7 | 157 |1.80 | 24.4 | 217(204 | 245 6760
x62¢ | 18.3 [21.0 |21 [0.400( ¥s | 36 | 8.24|8Ys |0.615 % |1.12 (156 | Y16 62| 670|469 | 1330 | 127 | 8.54| 144 | 57.5 | 140 [177| 21.7 | 215(204 | 183 5960
x55¢ | 16.2 |20.8 |20%:0.375 ¥s | 36 | 8.22|8%s |0.522| Vo |1.02 1316 | "6 55| 7.87(50.0 | 1140 | 110 | 8.40| 126 | 484 | 11.8 |1.73| 184 | 211|203 | 1.4 4980
x48%! | 14.1 |20.6 |20%{0.350] ¥s | %6 | 8.14|85 |0.430| 7h6 |0.930(1Ys | "6 48| 947|536 | 959 | 930 |824[ 107 | 387 | 952/ 1.66| 149 | 205202 | 0803 | 3950
W21x57¢ | 16.7 [21.1 |21 [0.405( ¥s | % | 6.56|6'2 |0.650| S/ |1.15 [1%16 | ¥16(18%s| 3'2 57| 504{463 | 1170 | 111|836 120 | 306 | 9351.35| 14.8 | 168205 | 1.77 3190
c 147 2078 s | Y | 6.53|62 |0.535| %6 |1.04 [1Va | e # ¢ 50| 6.10)d94.l 984 | 945 |818[ 110 | 249 | 7.64/1.30| 122 | 164|203 | 1.14 2570
x44°¢ | 13.0 |20.7) 20% 0@50]3/5 316 | 6.50(6Y2 |0.450| 716 [0.950(1Ys | Y6 44| 7.24(536 | 843 | 816 8.06@ 207 | 637/1.26| 102 | 1.60/203 | 0770 | 2110
——
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Example: Pass/Fail Analysis of Steel Beams — for Zone 1 L, <L,

7. Check shear (zone 1) Fro Alsc TA®LE 1-]
h/{», =53.6 X %9 (zone 1)

w

~
WEB YIELDING (Most beam sections fall Into this category) < iizeic < 4isdR
\/u > W{fz é"—‘v“'ps-f—z'\z C?.‘;K

f—

it Th' s 245 [EF, =59 (for 50 ksi steel)

then: Vv, =06F, A, From Alge TABLE 1-]

v h = 53,46 < 99 (zonel)
‘ 4w g K
R e
p=1KFerBEM L = 2JKkir
* 4 : S B WY
L ) \22"&4 Via = 016 Fa/.\_w *06(50)(20:7%0:3%)
’T’ér B /a% P jéosnjs?a Va = 212355
635 SR $luz lio(213.35) = 21%35"
PRoM TARLE (-1 AIsC %7 954
V= 625% <2133 = dun L7
Wy = ';20*-‘04.‘” t1.e(3) = b.of KF Vesign < STRewsTH
Therefore, pass.
University of Michigan, TCAUP Structures Il Slide 11 of 19

Example: Pass/Fail Analysis of Steel Beams — for Zone 1 L, <L,

p=lKFeBEMM (L= SKLD

8. Check deflection = ~—/ Wazix44
s ; A A992 steet
& Fa z S0 ks1
REV Ty W’ PRoM TAGLE (-] AIsC %7 95,4
5‘wj4 5'(3000) 21 4(?2&) g
Amax = 384 €1  384(23000000)(843) TR 1 =
pst wt
= 0.535% TABLE 1604.3 DEFLECTION LIMITS® . & h. i
CONSTRUCTION (/L) SorwiD+ L9 0
F:( i ] m?mmzc 11360 | 11240
£ 2. oF S bt Y20 1200 | 11
3o 3&o — Not supporting ceiling 1180| 4180 | 1120
——)l'floor members (lw3soh) — | w240
Exterior walls:
/ With plaster or stucco finishes — | 1360
‘ot d iyl b I
= M = ex| —
AACTU/.\.L_ - 0‘53 s < O_ 4 Allowi AELE. P
With plaster or stucco finishes /360 | — -
With other brittle finishes a0 | — e
With flexible finishes 2ol — e
Farm buildings — — /180
Greenhouses — — 11120

University of Michigan, TCAUP Structures Il Slide 12 of 19




Procedure - Analysis of Steel Beam - Capacity

Given: yield stress, steel section, bracing

1. SIMPLE BEAM—UNIFORMLY DISTRIBUTED LOAD

Find: moment or load capacity

Total Equiv. Uniformload . . .

1. Determine the unbraced length of the TTTJ’ [ mas. (atcamter) . ...

ZONE 3

FIRST YIELD
Mr

compression flange (Lb). sl ¥y azes W w s
T | am (nmw) A aieie
2. Find the L, and L, values from the el R
AISC Z, Table 3-2 o
ZoNy
3. Compare Ly to L, and L, and — 2N . 1ZONE2
determine which equation for M, or ,§§
173
M to be used. &3 L
85
4. Determine the beam load equation for §& o
maximum moment in the beam. =
. E Plastic failure at Mp Inelastic buckling ' Elastic buckling - LTB
5. Calculate load based on maximum i A
r
moment. M, = ¢, M, P
—_— L (Lalerally Unbraced Lengm)
/ b \ of Compression Flange
"4
Solvi FoR (wAD
University of Michigan, TCAUP Structures Il
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Example — Analysis of Steel Beam - Capacity

Find applied live load capacity, w, in KLF
w, = 1.2wp_+ 1.6w
Wp, = beam + floor = 44plf + 1500plf

Fy = 50 ksi, Fully Braced

1. Find the Plastic Modulus (Z,) for the given
section from the AISC table 1-1

2. Check that L, < L, (fully braced — ok) -

Wv
T O O A

2o

PE——

Foe A W21x44 Feoum Tave

3. Determine M, = M, = F, (Z,)}— > Zn:544°

4. SetM, = ¢, M, Me = Mo RAZ 504 x 454 = 4,700

b, = 0.90

University of Michigan, TCAUP Structures Il

4

Moz @L-Ma: 04 x 4,770 k-n!
Mo: 4,295 gy :367.75 eer
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Stee | Bea m S by L R F D Table 3-2 (continued)

Fy =50 ksi W-Shapes Z

Analysis for Bending AISC 16" ed. | = pAc jry— SelectionbyZ x
* Plastic Behavior (zone 1) g, (Meed OoMox M/ QoM | BFfDa] @0BF | | | ) | Vo i
Shape kip-ft | kip-ft | kip-ft | kip-ft | kips | kips kips | kips
Mn = Mp = Fy Z in3 | AsD | LRFD | Asp | LRFD | ASD [LRFD| #t | ft | in4 | ASD | LRFD

. W21x55 | 126 | 314 | 473 | 192 | 289 | 108 | 163 | 6.1 17.4 | 1140 [156 | 234
e L =445ft=534in Widx74  [126 | 314 | 473 | 196 | 294 | 531| 805| 876 31.0 | 795 128 | 192

p " : * W18x60 123 | 307 | 461 | 189 | 284 | 962| 144 | 593 | 182 | 984 |151 227
wi2x79 |19 | 207 | 446 | 187 | 281 | 378| 567|108 | 399 | e62 [117 | 175

— e W14x68 115 287 | 431 | 180 | 270 | 519| 7.81| 869 293 | 722 |116 174
ngpX - 358 k-ﬂ > Mu - 3335 k-ﬂ W10x88 13 282 | 424 | 172 | 259 | 262| 3.94| 929 51.2 | 534 [131 196
W18x55 112 279 | 420 | 172 | 258 | 9.15| 138 | 590 | 17.6 141 212

W21x50 110 274 | 413 | 165 | 248 | 121 | 183 | 459 ( 136 | 984 (158 237
Wi2x72 108 269 | 405 [ 170 | 256 | 3.69| 556|107 | 37.5 | 597 |106 159

w21x48 1107 | 265 | 398 | 162 | 244 | 989| 148 | 6.09| 165 | 959 (144 | 216
Wiex57 | 105 | 262 | 394 | 161 | 242 | 7.98| 120 | 565| 183 | 758 [141 | 212
W14x61 102 | 254 | 383 | 161 | 242 | 4.93| 7.48| 865 27.5 | 640 |104 | 156
Wigx50  [101 | 252 | 379 | 155 | 233 | 876|132 | 583 | 169 | 800 [128 | 192
W10x77 976 | 244 | 366 | 150 | 225 | 260| 3.90| 9.18 | 453 | 455 [112 | 169
W12x651 | 96.8| 237 | 356 | 154 | 231 | 358| 539|119 | 351 | 533 | 94.4 | 142

F 954 | 238 | 358 | 143 | 214 [ 111 | 168 | 445 | 130 | 843 [145 | 217
WiEe0 | 920 | 230 [ 3% | 141 | 213 | 769| 114 | 562 | 172 | 659 |124 | 186
wigxds | 907 | 226 | 340 | 138 | 207 | 93| 146 | 456|137 | 712 [130 | 195
wies3 | 871 217 | 527 | 136 | 204 | 522| 7.98| 678 | 223 | 541|103 | 15
wies | 864 | 216 | 524 | 136 | 205 | 382| 569| 887 | 208 | 475 | 678 | 132

wiogs | 853 | 213 | 320 | 132 | 199 | 258| 85| 915 | 406 | 304 | o78 | 147
Z0NE1 L ZONE2: 5 _ZONE3 - Wiexss | 823 | 205 | 309 | 127 | 191 | 72| 108 | 555 165 | 586 [111 | 167

W18x40 784 196 | 294 | 119 | 180 | 894| 13.2 | 449 | 131 | 612 (113 169

W14x48 784 | 196 | 294 | 123 | 184 | 509| 7.67| 675| 21.1 | 484 | 938 | 141
W12x53 779|194 | 292 | 123 | 185 | 365| 550| 876 | 282 | 425 | 835 | 125

FIRST YIELD W10x60 746 | 186 | 280 | 116 | 175 | 254| 382| 008|366 | 341 | 857 | 129

FULL Mr Wiexd0 | 730| 182 | 274 | 113 | 170 | 667|100 | 555| 159 | 518 | 976 | 146
PLASTIC W12x50 719 179 | 270 | 112 | 169 | 397| 598 6.92| 238 | 391 | 90.3 | 135
MOMENT W8x67 704 | 175 | 263 | 105 | 159 | 1.75| 259| 7.49 | 476 | 272|103 | 154
Mp Wi14x43 69.6 | 174 | 261 | 109 | 164 | 4.88| 7.28| 668 | 20.0 | 428 | 836 | 125

W10x54 66.6| 166 | 250 | 105 | 158 | 248| 3.75| 9.04 | 336 | 303 [ 747 | 112

M Nominal Resisting
n \ Moment of Beam

Plastic failure at Mp Inelastic buckling ! Elastic buckling - LTB

p ASD LRFD M5hape exceeds compact limit for fiexure with = 50 ksi; tabulated values have been

adjusted accord
L Laterally Unbraced Length Q=167 | =090
b \ of Compression Flange Q=150 | ¢=100

University of Michigan, TCAUP Structures Il Slide 15 of 19

Example — Analysis of Steel Beam - Capacity

T

=
M -@-—(- ® 0t ___-—bM"
6. Using the maximum moment NS =
equation, solve for the factored
distributed loading, w, My

o BX%557.7S wer
2O "

&)037“55 VF‘T

7. The applied (unfactored) load
w =w, /(v factors)
w, =1.2wDL + 1.6wLL
WoL
w, z L1555 ke = I.Z(o_.o4q+ LE)+ l.a@

wyz 1853+ Lbw, = +155 ke

w(,l,z 3-3‘ KLF
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Table 3-10 (continued)

Steel Beams by LRFD
Mo/ | outly W-Shapes
'ﬂ' '['R'*FL' Available Moment vs. Unbraced Length
Moment Capacity vs. L, Graphs o | o LV&;\ Nl e T,
,,Jeﬁ% FEVIEEER AL 2
HEN %“ o TN \% \'\t; \v,\no
® | s : ‘_,\; \ ‘;‘.
Analysis for Bending o . AN ] N
& e |
g 3 A
= CO RN NI 2R Z
i i @ + X \ % % X
* Plastic Behavior (zone 1) » T 3 A
¢ ES\EVAYAR TREN
Mn = Mp ; . \,‘G\ §\\(
. w| 24 36 | e
Braced against LTB (L, <L) A e TN AENNANE
i 35 - 2
h -; v Pt ’5\
gzl 2 | 30 NN N
. . “ » § 1 § \w ;.\%
* Inelastic Buckling “Decreased” (zone 2) Y NEY N -
M. <M E 6 | 2 \ /i
n P < %
g L
< < = IS Ak
Ly <L, <L 4 P N
! N TR
H H “ ” 7 : ; 1 N
+ Elastic Buckling “Decreased Further” (zone 3) i s | w aLSLs %, HERSANN
IS8T
I\/In = Mcr LopE |5 \\::\:\
L, > L, N . | =
LR HH
2 8 mv.\‘ 2 14 . - 18
Length (0.5-ft ﬂL’
AlSC 15"1 ed_ AMERICAN INSTITUTE OF STEEL CONSTRUCTION b
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. : a=As Table 3-10 (continued)
Pass/Fail Analysis of Steel Beams & W-Shapes
for Zone 1 L. <L R Lo HI-\Vai‘\l“a‘lzle KVI‘onjent vs.} UnbracedﬂLt\e\ngth
b p 300 | 450 = SEEELE VERRL R YR Y|
PR T AN IRAS g%:—*oo
Example: - P e, NSRNERY \ A
280

Given: yield stress, steel section,
loading, braced @ 24" o.c.

Find: pass/fail of section

[ F = d
{ | KiFrBEM L 31(3‘ wZIX44

AT le

PoM TARLE (-1 AIsc %= 954 R

wy = 12(1+.044) + 1.6 (3) = (.05 KF

A A992 sTeeL
F3= SO ks

2z - 12
Mu: ""'UI - 6:02 K‘—F x Z, e 333‘{'(_/ /

8 &

University of Michigan, TCAUP

Structures Il

RTINS Womorh, Mo/t (0 Nip- Inoromente) wd v, (0 Kip-1 Inoromante), kip-f

N b R W
10 12 14 16 18 20
Unbraced Length (0.5-ft increments), ft
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Steel Beams by LRFD Table 3-10 (continued)

Mo/ | Goly W-Shapes
'::.D" '{':FI,‘ Avyilable Moment vs. Unbraced Length
Moment Capacity Graphs B o N AR
200 | a5 - B 7\;\& "‘.‘j\’? BN
14x68.

e e S
L\)Z‘l*« e j-!axss _: ,?*;\n“ \
Foun Braces

=
7N

K5

PRSI

AV

- e ) g;.‘. S
00" %‘: :
| i

For a LW21x44 Feom Tavie EENARERI
Zx:9544° PSS e

345

MR AZ 504 954 = 4,770

330

Moz @b-Ma: 04 x 4,770 k-u 1
MO" ﬁ‘ZQB Kend ‘657 7S eer . 315

300

PO :
6 12 14 1
T‘ ’é’ hraced Length (0.5-ft increments), ft 3 1 »
th
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