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Steel Tension Member Design by 

ASD/LRFD Steel Construction Manual 

13th Edition 

 

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 

 

തݕ ൌ 0.831 ݅݊ ሺ݂10.5 ܺ 4ܹܶ ݎ݋ሻ 

LRFD 

߶ ௡ܲ ൌ ݃ܣ௬ܨ0.90 ൌ 0.90ሺ50 ݇݅ݏሻሺ6.16 ݅݊ଶሻ ൌ  ݏ݌݅݇ 277

ASD 

௡ܲ

Ω ൌ
݃ܣ௬ܨ
1.67 ൌ

ሺ50 ݇݅ݏሻሺ6.16 ݅݊ଶሻ
1.67 ൌ  ݏ݌݅݇ 184

  



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
௟
 

ҧݔ ൌ തݕ ൌ 0.831 ݅݊. ݈ ݀݊ܽ 10.5 ܺ 4ܹܶ ݎ݋݂ ൌ ,ݏ݄݁ܿ݊݅ 9  .ݏݐ݈݋ܾ ݄݁ݐ ݂݋ ݊݋݅ݏ݊݁݉݅݀ ݁݀݅ݏݑ݋ ݄݁ݐ

ܷ ൌ 1 െ
0.831 ݅݊
9.00 ݅݊ ൌ 0.908 

  



Case 7, Table D3.1 says: 

 

For the W8X 21 section we have 4 bolts in the flange in the direction of 
loading, bf=5.27 inches and d=8.28 inches so  
2/3d = 5.52 inches which is > bf so U=0.85. Use the larger of 0.908 or 0.85. 

Calculate Anet 

An=Ag-[4 holes X (dbolt+1/8 inch) tf] =6.16 in2-[(4)(3/4 in+1/8 in)(0.40 in)] 

An=4.76 in2 

Calculate Aeffective 

Ae=AnU=4.76 in2 X 0.908=4.32 in2 

Ae/Ag=4.32 in2/6.16 in2=0.702<0.75 so tabulated values in Table 5-1 
for rupture are not applicable. 

Pn=FuAe=(65 ksi)(4.32 in2)=281 kips 

LRFD 

߶ ௡ܲ ൌ 0.75ሺ281 ݇݅ݏ݌ሻ ൌ ݏ݌݅݇ 211 ൐ ݏ݌݅݇ 208 ൌ ௨ܲ ܭܱ ݏ݅ ݐ݅ ݋ݏ 

ASD 

௡ܲ

Ω ൌ
ݏ݌݅݇ 281
2.00 ൌ ݏ݌݅݇ 140 ൐ ݏ݌݅݇ 140 ൌ ௔ܲ  ݈ܿܭܱ ݏ݅ ݐ݅ ݐݑܾ ݁ݏ݋ 

Check slenderness L/r<300 

L = 26 feet and ry=1.26 inches so 

L/r=(26 ft X 12 in/ft)/1.26 in =248<300 so that is OK 

Remember to watch the units so they cancel. 



So the tensile rupture limit state determined the strength of this member. It 
is less than the yielding strength. 

Example 3 

Analyze the strength of an L4X4X1/2, ASTM A36 with (four) ¾ inch diameter 
bolts in standard holes. The member is in tension and carries a dead load of 
30 kips and carries a live load of 70 kips. The member is 16 feet long. 

 

Since it is ASTM A36, Fy=36 ksi and Fu=58 ksi 

 

Ag=3.75 in2, rz=0.766 inches, ݔҧ ൌ തݕ ൌ  ݏ݄݁ܿ݊݅ 1.18

LRFD 

Pu=(1.2 X 30 kips)+(1.6 X 70 kips)=148 kips 

ASD 

Pa=30 kips + 70 kips=100 kips 

Calculate the nominal tensile yield strength 

Pn=FyAg=(36 ksi)(3.75 in2)=135 kips 

  



LRFD 

߶ ௡ܲ ൌ 0.90ሺ135 ݇݅ݏ݌ሻ ൌ ݏ݅ ݄ܿ݅ݓ ݏ݌݅݇ 122 ൏ ݑܲ ൌ  ݏ݌݅݇ 148

ܹ݄݁݊ ߶ ௡ܲ ൏ ௨ܲ ,we need to select a different member. The design strength is 
less than the required strength. Let’s select an L4X4X3/4. 

Ag=5.44 in2, rz=0.744 in, ݔҧ ൌ തݕ ൌ 1.27 ݅݊. 

௡ܲ ൌ ݃ܣ௬ܨ ൌ ሺ36 ݇݅ݏሻሺ5.44 ݅݊ଶሻ ൌ  ݏ݌݅݇ 196

LRFD 

߶ ௡ܲ ൌ 0.9ሺ196 ݇݅ݏ݌ሻ ൌ ݏ݌݅݇ 176 ൐ ௨ܲ ൌ  ܭܱ ݏ݅ ݏ݄݅ݐ ݋ݏ   ݏ݌݅݇ 148

ASD 

௡ܲ

Ω ൌ
ݏ݌݅݇ 196
1.67 ൌ ݏ݌݅݇ 117 ൐ ௔ܲ ൌ  ܭܱ ݏ݅ ݏ݄݅ݐ ݋ݏ   ݏ݌݅݇ 100

This agrees with my version of Table 5-2 

Calculate U as the larger of the value from Table D3.1 case 2 or case 8. 

Case 2 

ܷ ൌ 1 െ ௫ҧ
௟
ൌ 1 െ ቀଵ.ଶ଻ ௜௡

ଽ.଴଴ ௜௡
ቁ ൌ 0.859 

Case 8 

 

So, U=0.80 

Use U=0.859 since it is larger. 

௡ܣ ൌ ݃ܣ െ ൣ൫݀௕௢௟௧ ൅ 1
8ൗ ݅݊൯ሺݐሻ൧ ൌ 5.44 10ଶ െ ൣ൫3 4ൗ ݅݊ ൅ 1

8ൗ ݅݊൯൫3 4ൗ ݅݊൯൧ ൌ 4.784 ݅݊ଶ 

௘ܣ ൌ ௡ܷܣ ൌ 4.784 ݅݊ଶሺ0.859ሻ ൌ 4.109 ݅݊² 

Pn=FuAe=(58 ksi)(4.109 in²)=238 kips 

  



LRFD 

φPn=0.75(238 kips)=179 kips>Pu=148 kips    so this is OK 

ASD 

Pn/Ω=(238 kips)/2.00=119 kips>Pa=100 kips   so this is OK 

For this tension member, the yielding strength was less than the rupture 
strength so the yielding limit state controls the strength of this member. 

Next calculate Lmax 

Lmax=300rz=300(0.744 in)(ft/12 in)=18.6 ft 

Now we have looked at: 

D1. Slenderness Limitations 

D2. Tensile Strength 

a. Tensile yielding in the gross section 
b. Tensile rupture in the net section 

We looked at how this specification applied to a wide flange member and an 
angle. Specification D3, Area Determination tells what we do with staggered 
holes. We are to add s2/4g, to determine the net area. 

 

  



Example 4 

 

The pitch, s, is 2.50 inches. The gage, g, is 3.00 inches between A-C and  
D-E but it is 4.00 inches between C-D. The dhole = 3/4 in. + 1/8 in = 0.875 in. 
Ag=14 in X ½ in = 7.0 in2. To compute the net area, An, compute the net 
width, wn, and multiply it by the thickness. 

The net width is: 

௡௘௧ݓ ൌ 14.0 ݅݊ െ ෍݀௛௢௟௘௦ ൅෍
ଶݏ

4݃ 

Line A-B-E-F: ݓ ൌ 14.0 ݅݊ െ ሺ2 ݄0.875 ܺ ݏ݈݁݋ ݅݊ሻ ൌ 12.2 ݅݊ 

Line A-B-C-D-E-F: 

ݓ  ൌ 14.0 ݅݊ െ ሺ4 ݄ݏ݈݁݋  ൈ 0.875 ݅݊ሻ ൅ ቆ2 ൈ ቀሺଶ.ହ଴ ௜௡ሻ
మ

ସൈଷ.଴଴ ௜௡
ቁቇ ൌ 11.5 ݅݊  ሺ࢛࢙࢚࢙ࢋ࢒࢒ࢇ࢓࢙ ࢋሻ 

Line A-B-C-D-G: ݓ ൌ 14.0 ݅݊ െ ሺ3 ݄ݏ݈݁݋  ൈ 0.875 ݅݊ሻ ൅ ቀሺଶ.ହ଴ ௜௡ሻ
మ

ସൈଷ.଴଴ ௜௡
ቁ ൌ 11.9 ݅݊ 

Line A-B-D-E-F: 

ݓ ൌ 14.0 ݅݊ െ ሺ3 ൈ 0.875 ݅݊ሻ ൅ ቆ
ሺ2.50 ݅݊ሻଶ

4 ൈ 7.00 ݅݊ቇ ൅ ቆ
ሺ2.50 ݅݊ሻଶ

4 ൈ 3.00 ݅݊ቇ ൌ 12.1 ݅݊ 

An= 11.5 in X 0.500 in=5.77 in2 

Table D3.1, Case 1 says U=1.0 so Ae=AnU=5.77 in2 x 1.0=5.77 in2 



Now, if the material is ASTM A36, Fy=36 kis and Fu=58 ksi. 

Yielding 

Pn=FyAg=(36 ksi)(7.0 in2)=252 kips 

LRFD 

φPn=0.9(252 kips)=226 kips 

ASD 

Pn/Ω=(252 kips)/1.67=151 kips 

Rupture 

Pn=FuAe=(58 ksi)(5.77 in2)=335 kips 

LRFD 

φPn=0.75(335 kips)=251 kips 

ASD 

Pn/Ω=(335 kips)/2.00=167 kips 

In both LRFD and ASD, yielding controls the strength of this connection. By 
LRFD, the strength is 226 kips and by ASD, the strength is 151 kips. The 
designer should decide which, LRFD or ASD is to me used on the entire 
project and should not hop back and forth between the two. I am working 
out all problems by both methods for illustration purposes. 

Now we have looked at only bolted connections in tension and not welded 
connections in tension. There are three other modes of failure or limit states 
for bolted connections in tension. Since the connection is in tension, the 
bolts could shear so we could have a shear failure of the bolts. Also the bolts 
bear on the tension member so there could be a bearing failure of the bolts 
on the tension member. There could also be a block shear failure where a 
block of the tension member tears away. Some portions of this block are in 
tension and some are in shear so this is a combination of shear and tension 
that result in this type of failure. 

In part J3 of the specification it states: 



 

Table J3.2 says that an A325 N bolt, when the threads are not excluded from 
the shear plane, the nominal shear stress, Fnv=48 ksi and for an A325 X, 
when the threads are excluded from the shear plane, the nominal shear 
stress, Fnv=60 ksi. 

J3.6 

 

  



Section J3.3 of the specifications list minimum spacing requirements of 
bolts. 

 

Table J3.4, list minimum edge distances in inches from the center of a 
standard hole the edge of the connection part. 

Bolt 
Diameter 

At 
Sheared 
Edge 

At 
Rolled 
Edge 

(in)  (in)  (in) 

        

1/2  7/8  3/4 

5/8  1 1/8  7/8 

3/4  1 1/4  1 

7/8  1 1/2  1 1/8 

1  1 3/4  1 1/4 

1 1/8  2  1 1/2 

1 1/4  2 1/4  1 5/8 

Over 1 1/4  1 3/4 X d  1 1/4 X d 
 

  



J3.10 

 

 

J4.3 

 



Example 5 

 

We will look at each of the following: 

 Gross Section Yielding 
 Tensile Rupture Strength 
 Shearing Strength of Bolts 
 Bearing Strength of Bolts 
 Block Shear 

Gross Section Yielding 

Plate 

Ag=5/8 in X 7 in=4.375 in2 

Pn=FyAg=(36 ksi)(4.375 in2)=158 kips 

 

1.25”



LRFD 

φPn=0.9(158 kips)=142 kips 

ASD 

Pn/Ω=158 kips/1.67=94.6 kips 

Gross Section Yielding 

Angles 

 

Ag=2.75 in2 X 2 angles=5.50 in2 

Pn=FyAg=(36 ksi)(5.50 in2)=198 kips 

LRFD 

φPn=0.9(198 kips)=178 kips 

ASD 

Pn/Ω=(198 kips)/1.67=119 kips 

These values check with Table 5-8 in the Steel Construction manual. 

So far, the plate should fail before the two angles. While we are at it, let’s 
check L/r. L=10 feet and rz=0.580 inches. 

L/rz=(10 ft X 12 in/ft)/0.580 in=207<300 so this is OK. Now let’s check the 
tensile rupture strength. 

 

  



Tensile Rupture Strength 

Plate 

An=Ag-hole=4.375 in2-[(7/8 in-1/8 in)(5/8 in)]=3.75 in2 

U=1.00 

Pn=FuAnU=(58 ksi)(3.75 in2)(1.00)=218 kips 

LRFD 

φPn=0.75(218 kips)=164 kips 

ASD 

Pn/Ω=(218 kips)/2.00=109 kips 

Tensile Rupture Strength 

Angles 

An=Ag-2 holes=5.50 in2-[(2 holes)(7/8 in +1/8 in)(1/2 in thick)=4.50 in2 

ҧݔ ൌ 0.929 ݅݊ 

ܷ ൌ 1 െ
ҧݔ
ܮ ൌ 1 െ

0.929 ݅݊
9.00 ݅݊ ൌ 0.897 

Ae=AnU=4.50 in2(0.897)=4.03 in2 

Pn=FuAe=(58 ksi)(4.03 in2)=234 kips 

LRFD 

φPn=0.75(234 kips)=175 kips 

ASD 

Pn/Ω=(234 kips)/2.00=117 Kips 

Again, the plate is the weaker member. However, gross section yielding 
(LRFD of 142 kips and ASD of 94.6 kips) is less than the tensile rupture 
strength. Next, let’s check the shear strength of the bolts. 

  



Shearing Strength of Bolts 

A325 N, Fnv=48 ksi per Table J3.2 

Rn=FnvAb(N, number of shear planes)=48 ݇݅ݏ ቆ
గቀళఴ௜௡ቁ

మ

ସ
ቇ ሺ2ሻ ൌ  ݐ݈݋ܾ/ݏ݌݅݇ 57.7

LRFD 

φRn=0.75(57.7 kips)(4bolts)=173 kips 

ASD 

Rn/Ω=(57.7 kips)(4 bolts)/2.00=115 kips 

Still, the tensile rupture strength of the plate controls the strength of this 
connection. Next let’s look at the bearing strength of the bolts when the 
deformation at the bolt hole at service load is a design consideration. 

Bearing Strength of Bolts on Plate 

Lc is the clear distance in the direction of the force, between the edge of the 
hole and the edge of the adjacent hole or the edge of the material, 
whichever is less. 

Lc=center to center dimension of holes – a hole  

Lc=3.00 in – (7/8 in +1/8 in)=2.00 in 

Lc=edge to center dimension – half a hole 

Lc=1.50 in-[0.5 X 1.00 in]=1.00 in which is less so we use 1.00 in. 

Rn=1.2 LctFuN ≤ 2.4 dtFuN N is number of bolts 

Rn=(1.2)(1.00 in)(5/8 in)(58 ksi)(4 bolts)=174 kips use this value 

Rn=(2.4)(7/8 in)(5/8 in)(58 kis)(4 bolts)=304 kips 

LRFD 

φPn=0.75(174 kips)=130 kips 

ASD 

Pn/Ω=(174 kips)/2.00=87 kips 



Now, the bearing strength of the bolts on the plate control the strength of 
this connection. Next we will look at block shear. 

Block Shear 

Rn=0.6 FuAnv + UbsFuAnt ≤ 0.6 FyAgv + UbsFuAnt 

Ant = [1.25 in-(half hole)] X (thickness) 

Ant = [1.25 in-(.5)(7/8 in+1/8 in)] X (1/2 in)=0.375 in2 

Anv = [10.5 in – (3.5 holes)] X thickness 

Anv = [10.5 in – (3.5 X 1.00 in)] X 0.50 in=3.50 in2 

Agv = (10.5 in)(0.50 in)=5.25 in2 

Ubs = 1.00 

Rn = 0.6 FuAnv + UbsFuAnt 

Rn = [0.6(58 ksi)(3.50 in2)]+[1.00(58 ksi)(0.375 in2)]=144 kips 

Rn = 0.6 FyAgv + UbsFuAnt 

Rn = [0.6(36 ksi)(5.25 in2)] + [1.00(58 ksi)(0.375 in2)]=135 kips   use this 

LRFD 

φPn=2 angles(0.75)(135 kips)=203 kips 

ASD 

Pn/Ω=(2 angles X 135 kips)/2.00=135 kips 

Block shear is really not a problem for this connection. So the strength of 
this connection is governed by bearing strength of the bolts on the plate. By 
LRFD, the strength is 130 kips and by ASD, the strength is 87 kips. So, how 
would we increase the strength of this connection? We could use A325 X 
which excludes the threads from the shear plane. That would increase 
Fnv=60 ksi or we could increase the diameter of the bolt. If gross section 
yielding was a problem, then increase the gross area. If tensile rupture 
strength was the problem, then increase the net area. If bearing strength 
was the problem, then increase thickness, diameter of the bolts, dimensions 



and number of bolts. If block shear was the problem, then increase the 
number of bolts and dimensions. 

SUMMARY 

Gross section yielding 
Plate 

LRFD  ASD 

142 k  94.6 k 
Angles 

178 k  119 k 
L/r  OK 
Tensile rupture strength 

Plate 
164 k  109 k 

Angles 
175 k  117 k 

Shear strength of bolts 
173 k  115 k 

Bearing strength of bolts on plate 
130 k  87 k 

Block shear strength 
203 k  135 k 

 

To design tension members, you will need to choose the type of members to 
be used for the connection like W-shapes, double angles, WT-shapes, etc. 
You will also need to choose to bolt or weld the connection. Compute the 
min Ag, min Ae, min An and the min r. Use these values to select a member. 
Check the limit states to verify that the members and connection will work. 

LRFD ASD 

min Ag=Pu/φFy min Ag=ΩPa/Fy 

min Ae=Pu/φFu 

min An=Pu/φFuU 

min r=L/300 
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