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Steel Design - Beams 5.5¢

Chapter 5 — Compact Shapes
» Recall, the nominal bending strength for compact I and C-

shaped sections can be summarized as follows:

For L, <L, M, =M, AISC Equation F2-1

L,-L
For L, <L, <L M, p -(m,-0.7Fs, )[L_L"H <M,
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AISC Equation F2-2

ForL,>L,  M,=F,S, <M,
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F = 1+ 0.078175[5} AISC Equation F2-4
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» Remember that C, is a lateral-torsional buckling modification
factor that accounts for nonuniform bending within the
unbraced length L,

For L, <L, M, = Mp AISC Equation F2-1
L - Lp
For L, <1, <1, M, £C,M,~(M,~0TES, )| = ||<M,
(]
AISC Equation F2-2
For L, >L, M, =F.S, < Mp AISC Equation F2-3
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» The C, coefficient is used in flexural expressions to account
for the variation of bending moment along the length of a
member.

» End-supported beams or braced segments, either due to
their loading arrangement and/or support restraint
condition, can have nonlinear bending moment diagrams.
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» The nominal flexural strength is conservative for beams
with nonlinear moment diagrams.

» The C, coefficient is used to more accurately model the
actual strength of the beams.
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» If there is a moment gradient, the value of C,, is given by:

B 12.5M,,,
2.5M,, +3M, +4M, +3M,

b AISC Equation F1-1

where: M,,.,, is the absolute value of the maximum moment
within the unbraced length (including the end
points of the unbraced length)

M, s the absolute value of the moment at the
quarter point of the unbraced length
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» If there is a moment gradient, the value of C,, is given by:

12.5M, .
C,= AISC Equation F1-1
2.5M, ., +3M, +4M, +3M,
where: Mg s the absolute value of the moment at the

midpoint of the unbraced length
M, s the absolute value of the moment at the

three-quarter point of the unbraced length

» AISC Equation F1-1 is valid for doubly symmetric members
and for singly symmetric members in single curvature.

Steel Design - Beams 5.5¢

2/3

Chapter 5 — Compact Shapes

» If there is a moment gradient, the value of C,, is given by:

_ 12.5M,
2.5M,, +3M, +4M, +3M,

G, AISC Equation F1-1

» When the bending moment is uniform, M, the value of C, is:

12.5M

= = - 10
2.5M+3M+4M +3M
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» Example 5.5: Determine C, for a uniformly loaded, simply
supported W shape with lateral support at its ends only.

Because of symmetry, the maximum moment is at midspan, so
wl
M. =M, = ry AISC Table 3-22

Also, due to symmetry, the moment at the quarter point
equals the moment at the three-quarter point.
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» Values of C, are tabulated for many common cases of
loading and lateral support.

» These values can be found in Table 3-1 in Part 3 of the
Manual, “Design of Flexural Members.”

Table 3-1 Table 3-1
Values of Cp for Simply Supported Beams Values of Cy for Simply Supported Beams..
VA [ Lateral Bracing T Lateral B
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» Example 5.5: Determine C, for a uniformly loaded, simply
supported W shape with lateral support at its ends only.
c - 12.5M, .
*"2.5M,, +3M, +4M, +3M,
12.5(1,
= ( /8) =1.136
2.5(1/8)+3(3/32)+4(1/8)+3(3/32)
L/ | 3 ‘ L4 y‘
axzxaiiplt
wf,fm v

10

11

Chapter 5 — Compact Shapes

» Values of C, are tabulated for many common cases of
loading and lateral support.

» These values can be found in Table 3-1 in Part 3 of the
Manual, “Design of Flexural Members.”
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» The effect of C, on the nominal strength is shown below.

> Although the strength is directly proportional to C,, this
graph clearly shows the importance of observing the upper
limit of M,,, regardless of which equation is used for M,,.
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» Part 3 of the Steel Construction Manual, “Design of Flexural
Members,” contains several useful tables and charts for the
analysis and design of beams.

» For example, Table 3-2, “W Shapes, Selection by Z,,” (hereafter
referred to as the “Z, table”).

» The Z, table lists shapes commonly used as beams, arranged in
order of available flexural strength— ¢,M,,,.
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> The Z, table has tabulated values for L, and L,
(which is particularly tedious to compute).

> Values for L, and L, can also be found in several other tables in
Part 3 of the Manual.

» We cover additional design aids in other sections of this
chapter.
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Any questions?

M, Compact
g shapes
M, \ ',\upper limit of M,
M, C,=23
C,=13
¢,=10
L, L L,
Table 3-2 (continued)
Fy=S0ksi W-Shapes Zr
Table 3-2 (continued)
F, =50 ksi W-Shapes Z -
Selection by Z,
- Mon el GMax | /20| G6Mrx | BF/p| GBF i o b Va/ 2| &V
Shape " | kip-tt | kip-tt | kip-tt | kip-tt | kips | kips | " T | wips | kips
. . g =
increasing in? | ASD | LRFD | ASD | LRFD [ ASD [LRFD. ft | i in' | ASD | LRFD
I fZ W21x55 126 314 | 473 | 192 | 289 | 10.8 | 163 611 17.4 1140 |156 234
values of 2, Wids7e ||| i26 | 314 [ 473 [ 486 | 204 | 831 805 876 [ 310 795|428 | 192
wisxo || 123 | 307 | 461 | 188 | 264 | 962|144 | 53| 182 | 964|161 | 227
wizaa |19 | 207 | 446 | 187 | 281 | 378| 567 108 | 289 | eee |17 | 175
wiaxes || 115 | 287 | 431 | 180 | 270 | 519| 761 869|293 | 722 |16 | 174
wioxg || 113 | 282 | 424 | 172 | 259 | 262| 394 929|512 || 534 |13 | 196
wiexss || 112 | 279 | 420 | 172 | 258 | 915|138 590|176 890 |141 | 212
W21x50 || 110 | 274 | 413 | 165 | 208 121 | 183 459|136 984 |158 | 27
wiz7z ||| 108 | 269 | 405 | 170 | 256 | 369| sse 107 | 375 | 507 |106 | 159
w2148t 107 265 | 398 | 162 | 244 9.89| 148 6.09 | 165 959 | 144 216
wiexs7 ||| 105 | 262 | 394 | 161 | 202 | 798| 120 | 565|183 | 756 |11 | 212
Wit 102 | 284 | 383 | 161 | 242 | 488| 748 ses | 275 | 640 104 | 156
wisxso || 101 | 252 | 379 | 155 | 233 | 876|132 | 5.83| 169 | 800 |128 | 102
wiox7 || o7 | 244 | 366 | 150 | 225 | 260| 300 9.18| 453 || 455 |12 | 160
wiz«650 || 9681 237 | 356 | 154 | 231 | 388| 59119 | 351 533 | maa| ez
Let’s work on some problems
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