
Chapter 5.6 – Beams

Chapter 5 – Noncompact Shapes
 For flexural members with compact webs and noncompact or 

slender flanges, refer to AISC F3.
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Chapter 5 – Noncompact Shapes
 For flange local buckling, if λpf < λ < λrf, the flange is 

noncompact, and buckling will be inelastic:
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 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. 

From Table B4.1b
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 Built-up welded shapes, however, can have noncompact or 
slender webs as well as noncompact or slender flanges.

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 Fy = 50 ksi, is a W12 x 65 adequate?

30 ft

Chapter 5 – Noncompact Shapes
 Example 5.6: Check for compactness.

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

Section has footnote f

[f] Shape exceeds the compact limit 
for flexure with Fy = 50 ksi.

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

387.9xS in=

9.92
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396.8xZ in=

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

Chapter 5 – Noncompact Shapes
 Example 5.6: Check for compactness.

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

Chapter 5 – Noncompact Shapes
 Example 5.6: Check for compactness.
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Since λpf < λ < λrf, this shape is: 

From Table B4.1b, the limiting width-to-thickness ratios are: 
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Chapter 5 – Noncompact Shapes
 Example 5.6: Check the capacity based on the limit state of 

flange local buckling:

p y xM F Z= ( )350 96.8ksi in= 4,840kin=

( )0.7 pf
n p p y x

rf pf

M M M F S
λ λ
λ λ

  −
= − −   −   

( ) 9.92 9.154,840 4,840 3,076.5
24.08 9.15nM k in kin k in − = − −   −  

0.7 y xF S ( )( )30.7 50 87.9ksi in= 3,076.5kin=

4,749.25k in= pM≤ 4,840k in=

AISC Equation F3-1
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Chapter 5 – Noncompact Shapes
 Example 5.6: Check the capacity based on the lateral-torsional 

buckling limit state. From the Zx table, Table 3-2 (3-25):

11.9pL ft=

35.1rL ft=
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30bL ft= p b rL L L< < ∴ Failure is by inelastic LTB

Chapter 5 – Noncompact Shapes
 Example 5.6: Check the capacity based on the lateral-torsional 

buckling limit state. From the Zx table, Table 3-2 (3-25):

30bL ft=

( )0.7 b p
n b p p y x

r p

L L
M C M M F S

L L

  −
= − −   −   

AISC Equation F3-1

p b rL L L< < ∴ Failure is by inelastic LTB

Chapter 5 – Noncompact Shapes
Values of Cb for other cases are available in 

Table 3-1 of Part 3 of the Manual.
 Example 5.6:

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

Chapter 5 – Noncompact Shapes
 Example 5.6: AISC Equation F2-2 gives:

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

( ) 30 11.91.14 4,840 4,840 3,076.5
35.15 11.9

ft ftk in k in k in
ft ft

  −= − −  −  

( )0.7 b p
n b p p y x

r p

L L
M C M M F S

L L

  −
= − −   −   

Inelastic LTB: 3,929.83nM kin=

4,749.25nM kin=FLB:

Controls

Chapter 5 – Noncompact Shapes
 Example 5.6:

b nMφ ( )0.9 3,929.83k in=

1.2 1.6u D Lw w w= + ( ) ( )1.2 0.5 1.6 1.0k ft k ft= +

3,536.85k in= 294.74k ft=

The factored load and moment are:

2.20k ft=

2

8
u

u
w LM = 247.50k ft=( )( )22.20 30

8
k ft ft

= 294.74k ft<

O.K.

The LRFD design strength is:

The smaller moment strength controls, in this 
case, lateral-torsional buckling, Mn = 3,929.83 k in.
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Chapter 5 – Noncompact Shapes
 Noncompact shapes are identified in the Zx table by an “f”. 

 Noncompact shapes are also treated differently in the Zx table 
in the following way. 

 The tabulated value of Lp is the unbraced length at which the 
nominal strength based on inelastic lateral-torsional buckling 
equals flange local buckling strength.

Mp

Mr

Mn

LbLrLp 

No
instability

Inelastic
LTB

Elastic
LTB

Compact
shapes

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 Lp for compact shapes is the maximum unbraced 
length for which the nominal strength can be taken as the 
plastic moment.

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 Cb = 1.0.

( )0.7 b p
n p p y x

r p

L L
M M M F S

L L
 −

= − −   − 
AISC Equation F2-2

The value of Lr given in Example 5.6 is unchanged.

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

1.76p y
y

EL r
F

= ( ) 29,0001.76 3.02
50

ksiin
ksi

= 128.01in= 10.67 ft=

Chapter 5 – Noncompact Shapes
 Returning to AISC Equation F2-2 gives:

( )0.7 b p
n p p y x

r p

L L
M M M F S

L L
 −

= − −   − 

11.93pL ft∴ =

 In the Zx table, Lp = 11.9 ft for a W12 x 65 with Fy = 50 ksi.

 In addition, the available strength values, φbMpx are based on 
flange local buckling rather than the plastic moment.

( ) 10.674,749.25 4,840 4,840 3,076.5
35.1 10.67

bL ftk in k in k in k in
ft ft

  −= − −  −  

4,749.25nM kin=FLB:
4,840pM kin=

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.

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 b pL L≤ n pM M=there is no LTB, and

For p b rL L L< ≤ compute inelastic LTB

( )0.7 b p
n b p p y x p

r p

L L
M C M M F S M

L L

  −
= − − ≤   −   

For b rL L> compute elastic LTB n cr x pM F S M= ≤

( )

22

2
0

1 0.078b b
cr

x tsb ts

C E LJcF
S h rL r

π  
= +  

 
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Chapter 5 – Moment Strength
3. If the shape is noncompact because of the flange, the nominal 

strength will be:

If pfλ λ≤ there is no FLB, and

a. Flange local buckling:

If pf rfλ λ λ< ≤ the flange is noncompact, and

( )0.7 pf
n b p p y x

rf pf

M C M M F S
λ λ
λ λ

  −
= − −   −   

(
m

(
in

)
)

flange local buckling FLB
lateral torsional buckling LTB−




  
 

Chapter 5 – Moment Strength

b. Lateral-torsional buckling:
If b pL L≤ there is no LTB, and
If p b rL L L< ≤ there is inelastic LTB, and

( )0.7 b p
n b p p y x p

r p

L L
M C M M F S M

L L

  −
= − − ≤   −   

If b rL L> there is elastic LTB, and n cr x pM F S M= ≤

( )
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3. If the shape is noncompact because of the flange, the nominal 
strength will be:
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)
)

flange local buckling FLB
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

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Chapter 5 – Beams 

Any questions?
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