
Chapter 5.5c – Beams

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

shaped sections can be summarized as follows:
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 Remember that Cb is a lateral-torsional buckling modification 
factor that accounts for nonuniform bending within the 
unbraced length Lb.

Chapter 5 – Compact Shapes
 The Cb 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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Chapter 5 – Compact Shapes
 The nominal flexural strength is conservative for beams 

with nonlinear moment diagrams. 

 The Cb 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 Cb is given by:
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AISC Equation F1-1

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

MA is 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 Cb is given by:
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where: MB is the absolute value of the moment at the 
midpoint of the unbraced length 

MC is 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.
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 If there is a moment gradient, the value of Cb is given by:
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 When the bending moment is uniform, M, the value of Cb is:

12.5
2.5 3 4 3b

MC
M M M M

=
+ + +

1.0=

Chapter 5 – Compact Shapes
 Example 5.5: Determine Cb 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
2
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Also, due to symmetry, the moment at the quarter point 
equals the moment at the three-quarter point. 
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 Example 5.5: Determine Cb for a uniformly loaded, simply 

supported W shape with lateral support at its ends only.
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Chapter 5 – Compact Shapes
 Values of Cb 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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 Values of Cb 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 Cb on the nominal strength is shown below. 

 Although the strength is directly proportional to Cb, this 
graph clearly shows the importance of observing the upper 
limit of Mp, regardless of which equation is used for Mn.

Cb = 1.3

Cb = 2.3

upper limit of Mp

Chapter 5 – Compact Shapes
 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 Zx,” (hereafter 
referred to as the “Zx table”).

 The Zx table lists shapes commonly used as beams, arranged in 
order of available flexural strength— φbMpx.

Chapter 5 – Compact Shapes

increasing 
values of Zx

Chapter 5 – Compact Shapes
 The Zx table has tabulated values for Lp and Lr 

(which is particularly tedious to compute). 

 Values for Lp and Lr 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.  

Let’s work on some problems

Chapter 5 – Compact Shapes Chapter 5 – Beams 

Any questions?
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