
Chapter 5.10 – Beams

Chapter 5 – Design
 Beam design entails the selection of a cross-sectional shape

that will have enough strength and that will meet
serviceability requirements. 

 As far as strength is concerned, flexure is almost always
more critical than shear, so the usual practice is to design for 
flexure and then check shear. 

Chapter 5 – Design
 The design process can be outlined as follows:

1. Compute the required moment strength (i.e., the factored 
load moment Mu for LRFD. 

The weight of the beam is part of the dead load but is 
unknown at this point. 

Because the beam weight is usually a small part of the 
total load, it is ignored at the beginning of a design 
problem.

The selected shape will usually be satisfactory when the 
moment is recomputed with beam weight. 

Chapter 5 – Design
 The design process can be outlined as follows:

2. Compute the moment of inertia required to meet the 
deflection limit. 

Use the service load for this computation.

3. Select a shape that meets the strength requirement, then 
check the moment of inertia. Select a different shape if 
necessary.

Chapter 5 – Design
 The design process can be outlined as follows:

4. Compute the required moment strength and moment of 
inertia using the actual beam weight. 

If necessary, select a different shape.

5. Check the shear strength.

 The trial shape can be easily selected in only a limited number 
of situations. 

 In most cases, design aids, such as the beam design charts in 
Part 3 of the Manual, can be used.

Chapter 5 – Design
 Example 5.10: Select a standard hot-rolled shape of A992 steel 

(Fy = 50 ksi; F = 65 ksi) for the beam shown. The beam has
continuous lateral support and must support a uniform service 
live load of 4.5 kips/ft. The maximum permissible live load 
deflection is L/240.

LRFD Solution

Initially, ignore the beam weight.
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Chapter 5 – Design
 Example 5.10:The maximum permissible live load deflection is:
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Assume that the shape will be compact. For a compact shape 
with full lateral support:
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Chapter 5 – Design
 Example 5.10: The Zx table lists hot-rolled shapes commonly 

used as beams, ordered by decreasing plastic section modulus.

Chapter 5 – Design
 Example 5.10: Also, they are grouped so that the shape at the 

top of each group (in bold type) is the lightest one that has 
enough section modulus to satisfy a required section modulus 
that falls within the group. 

Chapter 5 – Design
 Example 5.10: In this example, the shape that comes closest to 

meeting the section modulus requirement is W21 x 93

3216xZ in

Chapter 5 – Design
 Example 5.10: However, there is one lighter. 

3216xZ in

Chapter 5 – Design
 Example 5.10:

3216xZ in

However, there is one lighter. W24 x 84
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Chapter 5 – Design
 Example 5.10: Try a W24 x 84: This shape is compact, as 

assumed (noncompact shapes are marked as such in the table); 
therefore Mn = Mp, as assumed. 

From Table 1-1 (1-20): 42,370x inI 41,885in

Account for the weight of the beam:
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O.K.

Chapter 5 – Design
 Example 5.10: Instead of basing the search on the required 

section modulus, the design strength bMp could be used, 
because it is directly proportional to Zx and is also tabulated.

810.0k ftb nM

Let’s work on some problems

Chapter 5 – Design Chapter 5 – Beams 

Any questions?
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