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Steel Design - Beams 5.6

Chapter 5 — Noncompact Shapes

» For flexural members with compact webs and noncompact or
slender flanges, refer to AISC F3.

CHAPTER F Tam

Q) DESIGN OF MEMBERS FOR FLEXURE

DESIGN OF MEMBERS FOR FLEXURE

TABLE USER NOTE F1.1
Selection Table for the Application
of Chapter F Sections

Section'n Gross Fuange Wb Lt
hapter P ‘section Stendemess | Siendemass | _tates

. ac oF. s,
" 1 | emes | ane | Grum

Chapter 5 — Noncompact Shapes

» For flexural members with compact webs and noncompact or
slender flanges, refer to AISC F3.

F3. DOUBLY SYMMETRIC 1-SHAPED MEMBERS WITH COMPACT
WEBS AND NONCOMPACT OR SLENDER FLANGES BENT
ABOUT THEIR MAJOR AXIS

Chapter 5 — Noncompact Shapes

> For flange local buckling, if A,;< A< A, the flange is
noncompact, and buckling will be inelastic:

A=Ay .
M,=C,| M, —(Mp —0.7Fy5X) AISC Equation F3-1

ﬂ’rf_ of

b E E
A=-L 2,=038|— 1,=10|— From TableB4.1b
2t, F, F,

» The webs of all hot-rolled shapes in the Manual are compact,
so the noncompact shapes are subject only to the limit states
of lateral-torsional buckling and flange local buckling.

Chapter 5 — Noncompact Shapes

> For flange local buckling, if A< A< A, the flange is
noncompact, and buckling will be inelastic:

ﬂrf_ of

b E E
A=—L  2,=038 |— 4;=1.0 |— From Table B4.1b
2t, F, F,

» Built-up welded shapes, however, can have noncompact or
slender webs as well as noncompact or slender flanges.

A=Ay .
M,=C,| M,—(M,—0.7E,S,) AISC Equation F3-1

Chapter 5 — Noncompact Shapes

» These cases are covered in AISC Sections F4 and F5.
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Chapter 5 — Noncompact Shapes

» Example 5.6: Consider the simply supported beam shown.

» The beam is subjected to a dead load = 0.5 k/ft (including the
weight of the beam) and live load = 1 k/ft.

> If F, =50 ksi, is a W12 x 65 adequate?

HERRRRN
— A

Chapter 5 — Noncompact Shapes
» Example 5.6: Check for compactness.

From Table 1-1 (1-26) for a W12 x 65

(R A
|
In Table 1-1 (continued)
o x| W-Shapes
et - .
Le] ™
T Web Flange istan
oo [TA| a [Tt || ko, k”kk” MBS
n? [ _n. n. X

[ | i \‘m, in. |n.1 in.

xi52 | 447 137
x1% | 399 134
x120 | 352 |131

113%|
13%
13%)
; 2
Section has footnote f 2

2%) o (141 [17%0 [1740

5 [ea o il e s a
[ e e A P T S A |

% 5= -
5 14 || Il Shape exceeds the compact limit
for flexure with F, = 50 ksi.

Chapter 5 — Noncompact Shapes
» Example 5.6: Here, we will manually check for compactness.

From Table 1-1 (1-27) for a W12 x 65

Table 1-1 (continued) bff=9.92
W-Shapes 2t;
Properties s
Wia-wi2 S, =87.9in
= ?%WEE‘ Axis X-X A Y- ol ;:::::"::L 3
Wl n [ 1 [ s[r] 2z 1 [s]r]z i Cy ZX=96.8II7

wit| 2 |t [ ind [ ind [ n | ind | nd | ind | in | ind | in | in | ind | in®
87 |748 |189 | 740|118 |538| 132 |21 | 397 |307 | 604 [346 |17 | 510 | 8270
79 (822|207 | 662|107 |534| 119 |216 | 358 |305 | 543 (343 (117 | 384 | 7330

[ 65 992 fpao | 533l s7offsofl 96874 | 291 |302 | 441 [338 [115 | 218 | 5780 J
58 |7.82 (270 | 475 780|528 107 | 214|251 [ 325 [281 [116 | 210 | 3570
53 |a69 |1 | 25| 706 |523| 779| 958 | 192 | 248 01 [2790 [115 | 158 | 3te0
50 |631 (268 | 391 [ 642 [518| 71.9| 563 | 139 {196 | 213 [225 |16 | 171 | 1880
45 |7.00 (296 | 348 | 577 |515| 642| 500 | 124 |195 | 190 [223 [115 | 126 | 1650
40 |7.77 1336 | 307 | 5151513| 570| 441 | 110 1194 | 168 [221 |114 | 0906] 1440
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» Example 5.6: Check for compactness.

From Table B4.1b, the limiting width-to-thickness ratios are:

E 29,000ksi
4, =038 |5 =038 [22000KT _g 45
F, 50ksi
£ 29,000ksi
4,=10 £ 10,2000 2408
F 50ksi

b
A=—L =992
2,

Since A,; < A< A this shape is: noncompact
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Chapter 5 — Noncompact Shapes
» Example 5.6: Check for compactness.
From Table B4.1b, the limiting width-to-thickness ratios are:
TABLE B4.1b
Width-to-Thit Ra(if)s: C
H
i
10
Chapter 5 — Noncompact Shapes
» Example 5.6: Check the capacity based on the limit state of
flange local buckling:
A=Ay
M, =M, -(M,-0.7FS, ) 2 AISC Equation F3-1
A1 —
f of
M, =F,Z,=50ksi(96.8in* ) = 4,840kin
0.7F,S,=0.7(50ksi)(87.9in* ) =3,076.5kin
M, =| 4,840k in—(4,840kin—3,076.5kin) 992915
24.08-9.15
= 4,749.25kin <M, =4,840kin
12
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» Example 5.6: Check the capacity based on the lateral-torsional
buckling limit state. From the Z, table, Table 3-2 (3-25):

Table 3-2 (continued)
Fy =50 ksi W-Shapes Zx

L =119ft
Selection by Z,P P f

M/ 2] Mo M/ 20] M1 B/ 008 Vo9, Vi
shape | [ ot | wip-tt [ kip-t | kip-ft | ips | kips Lo b ] b P [ iips L, =35.1 f t
in? | ASD | LRFD | ASD | LRFD | ASD |LRFD | ft | ft | in® | ASD | LRFD

w250 (110 | 274 | 413 [ 165 | 248 [121 [ 183 | 459 | 136 | 984 [158 | 237
Wi2x72 108 | 269 | 405 [ 170 | 256 | 369 556(107 | 375 | 597 |106 | 159
w21x48" (107 | 265 | 398 | 162 | 244 | 9.89| 148 | 6.09| 165 | 959 144 | 216
W1ex57 | 105 | 262 | 394 (161 | 242 | 798| 120 | 565 | 183 | 758 |141 | 212
Wiax61 102 | 254 | 383 (161 | 242 | 493| 7.48| 865|275 | 640 |104 | 156
wigxs0  [101 | 252 | 379 | 185 | 233 | 876] 132 | 583 | 169 | 800 128 | 192

wi26s! | 968 | 287 | 356 | 154 | 231 | 358| saoff119 | 351 Jf 53 | 04 mz]
T o 2 ] T | o0 [T e

W16x50 920 [ 280 | 345 | 141 | 213 | 7.69] 11.4 | 562| 172 | 659 [124 | 186
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» Example 5.6: Check the capacity based on the lateral-torsional
buckling limit state. From the Z, table, Table 3-2 (3-25):

L,=30ft L, <L, <L, Failure is by inelastic LTB

Table 3-2 (continued)

Fy =50 ksi W-Shapes 2 L =119ft

Selection by Z,P X 3
0] s Mo/ 0ot 87/ 0u8F [~ [ T V] e
Shape " ipeft | kip-ft | kip-ft | kip-ft | kips | kips | ™ | 7" | ™ | ips | kips L, = 351ft
in® | ASD | LRFD | ASD | LRFD | ASD | LRFD | ft | ft | in® | ASD | LRFD
W21x50 | 110 | 274 | 413 | 165 | 248 121 | 183 | 450 | 136 | 984 [168 | 237
Wi2x72 (108 | 269 | 405 | 170 | 256 | 369| 556|107 | 375 | 597 [106 | 159
w2148l | 107 | 265 | 398 | 162 | 244 | 989|148 | 6.09 | 165 | 959 (144 | 216
Wiex57 | 105 [ 262 | 394 [ 161 | 2¢2 | 7.98| 120 | 565 183 | 758 141 | 212
Widx61 | 102 254 | 383 [ 161 | 2¢2 | 498| 748| 865|275 | 640 104 | 156
wigxs0 | 101 [ 262 | 379 | 165 | 233 | 876| 132 | 583 | 169 | 800 [128 | 192

N

wi2x651 | 968 | 287 | 356 | 154 | 231 | 358( 539119 | 351 Jf 533 | 944 mzl

B RS ALED S e
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W16x50 920 | 280 | 345 | 141 | 213 | 769 114 | 562| 172 | 659 [124 | 186

Chapter 5 — Noncompact Shapes

» Example 5.6: Check the capacity based on the lateral-torsional
buckling limit state. From the Z, table, Table 3-2 (3-25):

L,=30ft L, <L, <L Failure is by inelastic LTB

L,—
L -

L
L” H AISC Equation F3-1

P

M, —Cbl:Mp -(m, —0.7Fy$x)(

14
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» Example 5.6: Values of C, for other cases are available in
Table 3-1 of Part 3 of the Manual.

ble 3-1 Table 3-1
Values of Cp, for Simply Supported Beams Values of Cp for Simply Supported Beams

Lateral Bracing P
Along Span o

Toteral Bracing
Load Load ‘Along Span o |

Nono | | {ECCLECITY
Atmigpoimt | FLLL LRI

Ywﬁiuﬁ Atturaponts | 1L

Atload points | L 4 At quarter points | 1,

Atfifth points

For a uniformly loaded, simply supported beam with lateral
support at the ends, C, = 1.14

15

Chapter 5 — Noncompact Shapes

» Example 5.6: AISC Equation F2-2 gives:

L, -1
M, :cb[/\//p -(m, —O.7FySX)[L - ﬂ
T P

= 1.14{4,840kin —(4,840kin —3,076.5kin)(

30ft—11.9ft
35.15ft —11.9ft

=3,929.83kin < M,=4,840kin

FLB: M, =4,749.25kin

Inelastic LTB: M, =3,929.83kin | Controls

16

Chapter 5 — Noncompact Shapes

» Example 5.6: The smaller moment strength controls, in this
case, lateral-torsional buckling, M, = 3,929.83 k in.

The LRFD design strength is:
oM, =O.9(3,929.83kin) =3,536.85kin = | 294.74k ft
The factored load and moment are:
w, =1.2w, +1.6w, :1.2(0.5k/ft)+1.6(1.0k/ft)
=2.20k/ ft

2 (2.20k/ft)(30 ft)
MM=W;L =%=247.50kﬂ < 294.74k ft

O.K.

17
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Chapter 5 — Noncompact Shapes

» Noncompact shapes are identified in the Z, table by an “f”.

» Noncompact shapes are also treated differently in the Z, table
in the following way.

> The tabulated value of L, is the unbraced length at which the
nominal strength based on inelastic lateral-torsional buckling
equals flange local buckling strength.
Mn

M,

a Compact
shapes

No Inelastic | Elastic
instability | 18| 118

L, L L,

19

Chapter 5 — Noncompact Shapes

» For the shape in Example 5.6, equate the nominal strength
based on FLB to the strength based on inelastic LTB (AISC
Equation F2-2), with C, = 1.0.

L,—L
M, =M, —(M,—-0.7F,S, )[ Lt J AISC Equation F2-2
L-L,

The value of L, given in Example 5.6 is unchanged.

The value of L, is computed using AISC Equation F2-5:

L, =167, |5 =1.76(3.02in), 220K _128 01in=1067 ft
F, 50ksi

21

Chapter 5 - Moment Strength

» Let’s present a summary of the procedure for the computation
of nominal moment strength for I and C-shaped sections bent
about the x-axis.

» All terms in the following equations have been previously
defined.

» To safe space, the AISC equation numbers will not be shown.
» This summary is for compact and noncompact shapes only.

» Slender shapes are not included.

Steel Design - Beams 5.6
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Chapter 5 — Noncompact Shapes

» This is the maximum unbraced length for which the nominal
strength can be taken as the strength based on flange local
buckling.

> Recall that L, for compact shapes is the maximum unbraced
length for which the nominal strength can be taken as the
plastic moment.

20
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» Returning to AISC Equation F2-2 gives:

L,—L FLB: M, =4,749.25kin
M,=M,—(M,—0.7F,S,) 2
L M, =4,840kin

o
L,—10.67
4,749.25kin =| 4,840kin—(4,840kin—3,076.5kin) _L—1067ft
35.1ft —10.67ft

. 1, =11.93ft

> Inthe Z, table, L, = 11.9 ft for a W12 x 65 with F, = 50 ksi.

> In addition, the available strength values, @,M,, are based on
flange local buckling rather than the plastic moment.

22

Chapter 5 - Moment Strength

1. Determine whether the shape is compact.

2. If the shape is compact, check for lateral-torsional buckling
as follows.
For L, <L, thereisno LTB,and M, =M,

For L, <L, <L compute inelastic LTB

M =C|M (M —07Fs )| 2t ||<m
n = %b p_( p Y VX) L —L =Wp
T "

For L, >L, compute elastic LTB M,=F,S, <M,
2
'E L
F=C"E lioors |t
(L/1.) Scho\ 1

23
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Chapter 5 — Moment Strength

If the shape is noncompact because of the flange, the nominal
strength will be: . flange local buckling (FLB)
n
lateral —torsional buckling (LTB)

a. Flange local buckling:

If A<Z, thereisno FLB, and

If 4, <A<A, the flange is noncompact, and

A-2

M =C,|M —(M —0.7FS 2
n b|i P ( P YX)[l,f_ﬁpf]:‘

Steel Design - Beams 5.6
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Chapter 5 — Moment Strength

If the shape is noncompact because of the flange, the nominal
strength will be: . flange local buckling (FLB)
n{lateral —torsional buckling (LTB)
b. Lateral-torsional buckling:
If L,<L, there is no LTB, and
If L, <L, <L, there s inelastic LTB, and

M =C|M (M —07Fs )| 2t ||<m
n " %b p_( p YX) [ —L =WV
r - p

there is elastic LTB, and M, =F_S <M,

car~x

73 L)
Fo=STE fioors |l

If L, >1,

2
(Lb 8 o\ Tis

Chapter 5 — Beams

Any questions?

27
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