
Chapter 3
Tension Members

 The design of a tension member involves finding a member 
with adequate gross and net areas. 

 If the member has a bolted connection, the selection of a 
suitable cross-section requires an accounting for the area lost
because of holes. 

 For a member with a rectangular cross-section, the calculations 
are relatively straightforward. 

 If a rolled shape is to be used, however, the area to be deducted 
cannot be predicted in advance because the member’s
thickness at the location of the holes is not known.
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 A secondary consideration in the design of tension members is 
slenderness. 

 If a structural member has a small cross-section in relation to its 
length, it is said to be slender. 

 A more precise measure is the slenderness ratio, L/r, where L is 
the member length and r is the minimum radius of gyration of 
the cross-sectional area. 

 The minimum radius of gyration is the one corresponding to the 
minor principal axis of the cross-section. 

Chapter 3.6 – Design
 Although slenderness is critical to the strength of a compression

member, it is inconsequential for a tension member. 

 In many situations, however, it is good practice to limit the 
slenderness of tension members. 
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 It is only a recommended value because slenderness has no 
structural significance for tension members.

 This limit does not apply to cables, and the user note explicitly 
excludes rods. 
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 The central problem of all member design, including tension 
member design, is to find a cross-section for which the required 
strength does not exceed the available strength. 

 For tension members designed by LRFD, the requirement is
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where Pu is the sum of the factored loads. 
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 To prevent yielding,
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 The slenderness ratio limitation will be satisfied if:
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 For ASD, if we use the allowable stress form, the requirement 
corresponding to yielding is
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 For the limit state of rupture, the required effective area is
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 Example 3.11: A tension member with a length of 6 ft. must 
resist a service dead load of 15 k and a service live load of 45 k.

 Select a member with a rectangular cross-section. Use A36
steel and assume a connection with one line of ½-in bolts.
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 For LRFD: 
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 1.2 1.6uP D L  1.2(15 ) 1.6(45 )k k  90 k

 22.778 in

 22.069 in

 Example 3.11: Let’s try a thickness of t = 1 in. 
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  e n g holesA A A A 22.375 in


required g

g

A
w

t


22.778 in

1 in.
 2.778 in.

Let’s try a 1 in. x 3 in. cross-section

   2 5
83.00 1 in. in. 1in hole 

  1
8 in.hole boltd d     1 1

2 8in. in.  5
8 in.

Is trial Ae > required Ae? 2 22.375 2.069 inin  OK

  1.00 3.00gA in in 23.00 in

Is trial Ag > required Ag? 2 23.00 2.778 inin  OK

 Example 3.11: Check the slenderness ratio
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  3
3.00 in. 1 in.

12
 40.250 in

Is trial r/L < 300? 249.4 300 OK
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72 in.

0.2887 in.
 249.4

Use a       PL1.0 x 3.0

 The member in Example 3.11 is less than 8 in. wide and thus 
is classified as a bar rather than a plate. 

 Bars should be specified to the nearest ¼-inch in width and 
to the nearest ⅛-inch in thickness.

 The classification system is given in Part 1 of the Manual 
page 1-9 under the heading “Plate and Bar Products.” 

 It is common practice to use the PL (Plate) designation for 
both bars and plates.
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 Part 1 of the Manual page 1-9 “Plate and Bar Products.”
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 If an angle shape is used as a tension member and the 

connection is made by bolting, there must be enough room for 
the bolts. 

 Space will be a problem only when there are two lines of bolts 
in a leg. 

 The usual fabrication practice is to punch or drill holes in 
standard locations in the angle legs.
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 These hole locations are given in Table 1-7A “Workable Gages in 
Angle Legs” in Part 1 of the Manual, page 1-52. 
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 Gage distance g applies when there is one line of bolts 
 Gage distances g1 and g2 apply when there are two lines.
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 The values g1, g2, and g3 apply are for three lines. 

 The values g1, g2, g3, and g4 apply are for four lines.
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 The table shows that a:

5-inch leg is needed to accommodate two lines, 
10-inch leg is needed for three lines, and 
12-inch leg is needed for four lines.
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 Example 3.12: Select an unequal-leg angle tension member 
12 ft. long to resist a service dead load of 35 k and a service 
live load of 75 k.

 Use A572 Grade 50 with two lines of ⅞-in bolts.
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 Example 3.12: Select an unequal-leg angle tension member 

12 ft. long to resist a service dead load of 35 k and a service 
live load of 75 k.
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 For LRFD: 


0.90

u
g

y

P
A

F


0.75

u
e

u

P
A

F

 
162.0

0.90 50

k

ksi


 
162.0

0.75 65

k

ksi


 1.2 1.6uP D L 1.2(35 ) 1.6(75 )k k  162.0 k

23.600 in

23.323 in

 Example 3.12: Select an unequal-leg angle tension member 
12 ft. long to resist a service dead load of 35 k and a service 
live load of 75 k.
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 The radius of gyration should be at least: 

300

L 144 .
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in
 0.480 in

 To find the lightest shape that satisfies these criteria, we search 
the dimensions and properties table for the unequal-leg angle 
that has the smallest acceptable gross area and then check the 
effective net area.

 Example 3.12: Select an unequal-leg angle tension member 
12 ft. long to resist a service dead load of 35 k and a service 
live load of 75 k.
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 The radius of gyration should be at least: 

 The radius of gyration can be checked by inspection.

 There are two lines of bolts, so the connected leg must be at 
least 5 inches long (see AISC Table 1-7A). 
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 Example 3.12: Select an unequal-leg angle tension member 
12 ft. long to resist a service dead load of 35 k and a service 
live load of 75 k.
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 The radius of gyration should be at least: 

 Starting at either end of the table, we find that the shape with 
the smallest area that is at least equal to 3.60 in2 and a 
minimum radius of gyration of 0.48 in.

300
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 Example 3.12: Select an unequal-leg angle tension member 
12 ft. long to resist a service dead load of 35 k and a service 
live load of 75 k.
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23.75gA in
 Let’s try a     L5 x 3 x ½

23.60 in
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 Example 3.12: Select an unequal-leg angle tension member 
12 ft. long to resist a service dead load of 35 k and a service 
live load of 75 k.
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23.75gA in min 0.642r in
 Let’s try a     L5 x 3 x ½

 Example 3.12:
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 n g holesA A A 22.75 in   2 1
23.75 in. 1 in. 2in holes 

  1
8 in.hole boltd d    7 1

8 8in. in.  1 in.

 Because the length of the connection is not known, we cannot 
compute the shear lag factor U.

 Since there are four bolts in the direction of the load, we will 
use the alternative value of U = 0.80.

e nA A U   20.80 2.75 in

2 22.200 in 3.323 in N.G. Is Ae > required Ae?

22.200 in

 Example 3.12:
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 Example 3.12:
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25.26gA in Let’s try a     L7 x 4 x ½ 

 Example 3.12:
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min 0.866r in25.26gA in Let’s try a     L7 x 4 x ½ 
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 n g holesA A A 24.260 in   2 1
25.26 in. 1in. 2in holes 

e nA A U   20.80 4.260 in 23.408 in

2 23.408 in 3.323 in O.K. Is Ae > required Ae?

min 0.866r in

20.866 in 0.48 in O.K. Is rmin > required rmin?

25.26gA in Let’s try a     L7 x 4 x ½ 

 Example 3.12:
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Chapter 3.6 – Design

Let’s work on some problems

 Example 3.13: Repeat Example 3.12 with the aid of the design 
tables in Part 5 of the Manual. 

 Select an unequal-leg angle tension member 12 ft. long to resist 
a service dead load of 35 k and a service live load of 75 k.

 Use A572 Grade 50 with two lines of ⅞-in bolts.
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 Example 3.13: Repeat Example 3.12 with the aid of the design 
tables in Part 5 of the Manual. LRDF Solution
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 1.2 1.6uP D L 1.2(35 ) 1.6(75 )k k  162 k

min 0.600 in.r 

 Design tables of tension members give values of Ag and Ae for 
various shapes based on the assumption that Ae = 0.75Ag.

 In addition, the corresponding available strengths based on 
yielding and rupture are given. 

 All values available for angles are for A572 Grade 50 steel.

 Example 3.13:

Chapter 3.6 – Design

L7 x 4 x 7/16

24.63gA in

 Example 3.13:

Chapter 3.6 – Design

min 0.869 in.r 24.63 ingA L7 x 4 x 7/16

From the dimensions and properties tables in 
Part 1 of the Manual:

 To check this selection, we must compute the actual net area. If 
we assume that U = 0.80

 n g holesA A A 23.754 in   2 7
164.63 in. 1in. 2in holes 

e nA A U   20.80 3.754 in 23.003 in

t n t u eP F A    20.75 65 3.003 inksi

146.4k 162k N.G.

 Example 3.13:
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min 0.869 in.r 24.63 ingA L7 x 4 x 7/16

From the dimensions and properties tables in 
Part 1 of the Manual:

 This shape did not work because the ratio of Ae to Ag 0.75. 

 The ratio is:
2

2

3.003

4.630

in

in
0.648
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 Example 3.13:
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 This corresponds to a required         (based on rupture) of:t nP

0.75
uP

actual ratio


0.75
162

0.648
k  187.5 k

From the dimensions and properties tables in 
Part 1 of the Manual:

 Example 3.13:

Chapter 3.6 – Design

L7 x 4 x ½

25.26gA in

237t nP k 

193t nP k 

Yielding on gross section

Rupture on net section

187.5uP k

 Example 3.13:
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 n g holesA A A 24.26 in   2 1
25.26 in. 1in. 2in holes 

e nA A U   20.80 4.26 in 23.408 in

t n t u eP F A    20.75 65 3.408 inksi

166.1k 162k OK

 Use an  L7 x 4 x ½ connected through the 7-inch leg. 

 The actual effective net area and rupture strength are 
computed as follows:

Let’s work on some problems

Chapter 3.6 – Design

Any questions?
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