
Chapter 5 – Beams

Chapter 5 – Compact Shapes
 A beam can fail by reaching Mp and becoming fully plastic, or it 

can fail by:

1. lateral-torsional buckling (LTB), elastically or inelastically;

2. flange local buckling (FLB), elastically or inelastically; or

3. web local buckling (WLB), elastically or inelastically.

 If the maximum bending stress is less than the proportional 
limit when buckling occurs, the failure is said to be elastic.

 Otherwise, it is inelastic

Chapter 5 – Compact Shapes
 First, we will categorie beams as compact, noncompact, or 

slender. Then determine the moment resistance based on the 
degree of lateral support. 

 The discussion in this section applies to two types of beams:

1. hot-rolled I shapes bent about the strong axis and loaded 
in the plane of the weak axis, and

2. channels bent about the strong axis and either loaded 
through the shear center or restrained against twisting.

 The shear center is the point on the cross section through 
which a transverse load must pass if the beam is to bend 
without twisting.

Chapter 5 – Compact Shapes
 Emphasis will be on I shapes.

 C-shapes are different only in that the width-to-thickness ratio 
of the flange is bf/tf rather than bf/2tf

 We begin with compact shapes, defined as those whose webs 
are continuously connected to the flanges

Chapter 5 – Compact Shapes

0.38
2

f

f y

b E
t F

=

Chapter 5 – Compact Shapes

3.76
w y

h E
t F

=

1 2

3 4

5 6

CIVL 3131 Steel Design - Beams 5.5 - part 1 1/4



Chapter 5 – Compact Shapes
 The web criterion is met by all standard I and C shapes listed 

in the Manual for Fy ≤ 70 ksi.

 In most cases, only the flange ratio needs to be checked.

 Note, built-up welded I shapes can have noncompact or 
slender webs. 

 Most shapes will also satisfy the flange requirement and will 
therefore be classified as compact. 

Chapter 5 – Compact Shapes
 The noncompact shapes are identified in the dimensions and 

properties table with a footnote (footnote f). 

 Note that compression members have different criteria than 
flexural members, so a shape could be compact for flexure but 
slender for compression. 

 As discussed in Chapter 4, shapes with slender compression 
elements are identified with a footnote (footnote c). 
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 If the beam is compact and has continuous lateral support, or 

if the unbraced length is very short, the nominal moment 
strength, Mn, is the full plastic moment capacity of the shape, 
Mp. 

 For members with inadequate lateral support, the moment 
resistance is limited by the lateral-torsional buckling strength, 
either inelastic or elastic.

Chapter 5 – Compact Shapes
 The first category, laterally supported compact beams, is quite 

common and is the simplest case. 

 For a doubly symmetric, compact I- or C-shaped section bent 
about its major axis, AISC F2.1 gives the nominal strength as:

n pM M= y xF Z= AISC Equation F2-1
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Chapter 5 – Compact Shapes

n p y xM M F Z= =

Chapter 5 – Compact Shapes
 Example 5.3: The beam shown is a W18 x 60 of A992 steel 

with Fy = 50 ksi; Fu = 65 ksi. It supports a reinforced concrete 
floor slab that provides continuous lateral support of the 
compression flange. 

 The service dead load is 600 lb/ft. This load is superimposed on 
the beam; it does not include the beam’s weight. The service 
live load is 800 lb/ft. 

 Does this beam have adequate moment strength?

40 ft

Chapter 5 – Compact Shapes
 Example 5.3: Check for compactness.

From Table 1-1 (1-23) for a W18 x 60
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 Example 5.3: Check for compactness.
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The flange is compact

The web is compact

The web is compact for all shapes in the Manual for Fy ≤ 70 ksi

Chapter 5 – Compact Shapes
 Example 5.3: Because the beam is compact and laterally 

supported, the nominal flexural strength is:
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6,150.0kin=n pM M= y xF Z= ( )350 123ksi in= 512.5k ft=

For a simply supported, uniformly loaded beam, the maximum 
bending moment occurs at midspan and is equal to:

132.0k ft=

( )2(0.8 ) 40
8L

k ft ft
M = 160.0k ft=

AISC Table 3-22 (3-215) 
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 Example 5.3: The dead load is less than 8 times the live load, so 

load combination 2 controls:

b nMφ

1.2 1.6u D LM M M= +

414.4k ft=

The design strength is 461.25k ft=

( ) ( )1.2 132.0 1.6 160.0kft kft= +

b n uM Mφ >

( )0.9 512.5k ft=

The design moment exceeds the factored-load moment, so the 
W18 x 60 is satisfactory.

OK
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Let’s work on some problems

Chapter 5 – Compact Shapes Chapter 5 – Beams 

Any questions?
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