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Tension members are found in trusses, towers, bracing members, hangers, 
tie rods and sag rods. Tension members can be structural steel sections, 
plates, built-up members, eyebars, pin-connected members, rods, bars, wire 
rope and steel cables. Tension members are one of the simplest to design. 
Tension members are now connected by bolts or welds. There a few limit 
states for tension members. Section D of the specifications covers Design of 
Members for Tension. 

• D1. Slenderness Limitations 
• D2. Tensile Strength 
• D3. Area Determination 
• D4. Built-up Members 
• D5. Pin-connected Members 
• D6 Eyebars 

We will look at the first three, since they apply to most tension members. 

D1. SLENDERNESS LIMITATIONS 

There is no required slenderness limit but it is suggested the L/r should be 
less than 300. Rods and hangers in tension are exempt. 

Example 1 

Let’s say we have an angle, L4X4X1/2 that is under tension and 26 feet 
long, what is it’s L/r ratio? 

 

L/rz =(26 ft X 12 in/ft)/0.776 in=402 > 300 This would be no good. 

Be sure to watch your units so they cancel. 



D2. TENSILE STRENGTH 

 

 

Steel tension member selection tables are in part 5 of the Steel Construction 
Manual. The tables list the available strength for different sections. The 
tensile rupture strength is based on Ae = 0.75Ag. 

• Table 5-1. W-Shapes 
• Table 5-2. Single Angles 
• Table 5-3. WT-Shapes 
• Table 5-4. Rectangular HSS 
• Table 5-5. Square HSS 
• Table 5-6. Round HSS 
• Table 5-7. Steel Pipe 
• Table 5-8. Double Angles 

These tables can be easily produced in Excel. Table 5-1 

 



D3. AREA DETERMINATION 

  

 

Note: The nominal dimension of the hole for a standard hole is the bolt 
diameter plus 1/16 inch so the bolt hole shall be taken as this plus 1/16 inch 
or the bolt diameter plus 1/8 inch. That is (dhole+1/16) or (dbolt+1/8). 

Example 2 

Select an 8 inch W-shape, ASTM A992, to carry a dead load of 40 kips and a 
live load of 100 kips in tension. The member is 26 feet long. There are four 
lines of 3/4 in diameter bolts in the flanges. 



 

Since the material is ASTM A992 then Fy=50 ksi and Fu=65 ksi.  

LRFD 

Pu=(1.2 X 40 kips)+(1.6 X 100 kips) 

Pu=208 kips 

ASD 

Pa=40 kips + 100 kips 

Pa=140 kips 

Try a W8 X 21 
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These are the yielding limit states. These are the same values found in my 
version of Table 5-1 of the Steel Manual. 

 

Case 2, Table D3.1 says: 

 

The shear lag factor,  ܷ ൌ 1 െ ௫ҧ
௟
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