
Chapter 5.11 – Beams

Chapter 5 – Floor and Roof  Beams 
 When a distributed load acts on an area such as a floor in a 

building, certain portions of that load are supported by 
various components of the floor system. 

 The actual distribution is difficult to determine, but it can be 
approximated quite easily. 

 The basic idea is that of tributary areas. 

 The concept of tributary areas was first discussed in Section 
3.8 in the coverage of tension members in roof trusses.

Chapter 5 – Floor and Roof  Beams 
 Consider a typical multistory building.

 Here is one of the rigid frames comprising the building. 
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Chapter 5 – Floor and Roof  Beams 

A B C D

 Here is a horizontal section where a cut is made through the 
building above one of the floors, and the lower portion is 
viewed from above.

Chapter 5 – Floor and Roof  Beams 
 The gridwork consists of the column cross sections, 

girders connecting the columns in the E-W direction, and
floor beams such as EF spanning between the girders.

Chapter 5 – Floor and Roof  Beams 
 Girders are defined as beams that support other beams, 

although sometimes the term is applied to large beams in 
general. 
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Chapter 5 – Floor and Roof  Beams 
 The floor beams, which fill in the panels defined by the 

columns, are sometimes called filler beams. 

Chapter 5 – Floor and Roof  Beams 
 The columns and girders along any of the east-west lines 

make up an individual frame. 

Chapter 5 – Floor and Roof  Beams 
 The columns and girders along any of the east-west lines 

make up an individual frame. 

Chapter 5 – Floor and Roof  Beams 
 The frames are connected by the beams in the north-south 

direction, completing the framework for the building.

Chapter 5 – Floor and Roof  Beams 
 Consider a typical bay of the floor framing system. 

 When columns are placed in a rectangular grid, the region 
between four columns is called a bay. 

Chapter 5 – Floor and Roof  Beams 
 Here is a cross-section of this bay, showing the floor beams as 

wide-flange steel shapes.
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Chapter 5 – Floor and Roof  Beams 
 Here is a cross-section of this bay, showing the floor beams as 

wide-flange steel shapes.
 Supporting reinforced concrete floor slabs.

Chapter 5 – Floor and Roof  Beams 
 One of the objectives of a structure is to transmit loads to the 

foundation. 

 For floor loads, this transmission of loads is accomplished as 
follows:

1. Floor loads, both live and dead, are supported by the 
floor slab.

2. The weight of the slab, along with the loads it supports, is 
supported by the floor beams.

3. The floor beams transmit their loads, including their own 
weight, to the girders.

Chapter 5 – Floor and Roof  Beams 
 One of the objectives of a structure is to transmit loads to the 

foundation. 

 For floor loads, this transmission of loads is accomplished as 
follows:

4. The girders and their loads are supported by the columns.

5. The column loads are supported by the columns of the 
story below.

The column loads accumulate from the top story to the 
foundation.

Chapter 5 – Floor and Roof  Beams 
 The route taken by the loads from one part of the structure 

to another is sometimes called the load path. 

 This is a fairly accurate representation of what happens, but 
it is not exact. 

 For example, part of the slab and its load will be supported 
directly by the girders, but most of it will be carried by the 
floor beams.

Chapter 5 – Floor and Roof  Beams 
 The tributary area for beam EF is the shaded area. 

 It consists of half the floor between beam EF and the adjacent 
beam on each side. 

Chapter 5 – Floor and Roof  Beams 
 Thus, the total width of the floor being supported is equal 

to the beam spacing, s, if the spacing is uniform. 

 If the load on the floor is uniformly distributed, we can 
express the uniform load on beam EF as a force per unit 
length.

13 14

15 16

17 18

CIVL 3131 Steel Design - Beams 5.11 3/6



Chapter 5 – Floor and Roof  Beams 
 The weight of a reinforced concrete floor slab is usually 

expressed in pounds per square foot (psf)  of floor surface. 

 This way, the slab weight can be combined with other loads 
similarly expressed. 

Chapter 5 – Floor and Roof  Beams 
 Example 5.15: Consider a floor framing system with a 4-in

thick reinforced concrete floor slab of normal-weight concrete 
is supported by floor beams spaced at 7 ft. 

Chapter 5 – Floor and Roof  Beams 
 Example 5.15: The floor beams are supported by girders, which 

in turn are supported by the columns.

Chapter 5 – Floor and Roof  Beams 
 Example 5.15: Loads include a uniform live load of 80 psf and 

moveable partitions, which are accounted for using a uniformly 
distributed load of 20 psf on the floor surface. 

Chapter 5 – Floor and Roof  Beams 
 Example 5.15: The maximum live load deflection must not 

exceed L/360. 

Chapter 5 – Floor and Roof  Beams 
 Example 5.15: Use A992 steel Fy = 50 ksi and design the floor 

beams. Assume that the slab provides continuous lateral support 
for the floor beams. 
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Chapter 5 – Floor and Roof  Beams 
 Example 5.15: The slab weight is:

 50 7 350psf ft lb ft 

 150
12

slab

t
w psf

in ft
  4

150
12

in
psf

in ft


Each beam supports a 7-ft width (tributary width) of floor.

50psf

Slab:

Partitions:

Live load:

 20 7 140psf ft lb ft 

 80 7 560psf ft lb ft 

The beam weight will be accounted for once a trial selection 
has been made.

Chapter 5 – Floor and Roof  Beams 
 Example 5.15: Since the partitions are movable, they will be 

treated as live load. The dead and live loads are:

0.350Dw k ft

LRFD solution:

0.560 0.140Lw k ft k ft  0.7k ft

The typical floor beam connection provides virtually no moment 
restraint, so the beams can be treated as simply supported. 

173k ft

1.54k ft   1.2 0.35 1.6 0.7uw k ft k ft 

2

8
u

u

w L
M 

  2
1.54 30

8

k ft ft


Chapter 5 – Floor and Roof  Beams 
 Example 5.15: The maximum permissible live-load deflection is:

45

384
L

L

w L

E
 

I

Since the beams have continuous lateral support, the Ix table 
can be used to select a trial shape that will satisfy the moment 
requirement.

4440in

360
1.0

360 360
L

L in
in   

   
  

4
5 0.7 1 12 360

384 29,000 1.0

k ft ft in in

ksi in


45

384
L

required

L

w L

E
 


I

Chapter 5 – Floor and Roof  Beams 
 Example 5.15:

From Table 3-3 (3-29): 

W18 x 35

4510x

required

in


I

I

O.K.

Chapter 5 – Floor and Roof  Beams 
 Example 5.15:

From Table 3-2 (3-26): 

249b nM kft  177uM kft 

O.K.

159v n uV k V  

O.K.

23.1k

2
u

u

w L
V 

  1.54 30

2

k ft ft


W18 x 35

In this example, the design was controlled by 
serviceability rather than strength. 

This is not unusual. 

Although there is no limit on the dead load deflection in this 
example, this deflection may be needed if the beam is to be 
cambered.

 Example 5.15:

  45

384

slab beam

D

w w L

E


 

I

0.474 in

   
  

4

4

5 0.35 0.035 1 12 360

384 29,000 510

k ft k ft ft in in

ksi in




Chapter 5 – Beam Design Charts

25 26

27 28

29 30

CIVL 3131 Steel Design - Beams 5.11 5/6



Let’s work on some problems

Chapter 5 – Beam Design Charts Chapter 5 – Beams 

Any questions?
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