
 

 3-1 

Design and Analysis       
Methods for Structural Steel 

 

Nomenclature 

D dead load lbf 

Fu tensile strength lbf/in2 

Fy minimum yield stress lbf/in2 

FS factor of safety – 

L live load lbf 

Qi nominal effect of load of type i lbf 

Ra required strength (ASD) lbf 

Rn nominal strength lbf 

Ru required strength (LRFD) lbf 
 

Symbols 

γ effective load factor – 

γi load factor for load of type i – 

Γ section property in2, in3, in4 

φ resistance factor (LRFD) – 

Ω safety factor (ASD) – 
 

1.  ALLOWABLE STRENGTH DESIGN (ASD) 

Before steel design was formalized, a variety of methods were used to design steel 
structures. Some were not much more sophisticated than trial and error, but others 
involved running tests in which steel members were loaded until they failed, and then 
using the results to determine a maximum allowable safe load for each size and type of 
member. This approach was the forerunner to allowable stress design, which later 
became allowable strength design. 

In 1923, the American Institute of Steel Construction (AISC) formalized the 
procedures for designing structural steel members. By then, enough testing had been 
performed that results were consistently predictable. A steel member can fail in a 
number of different ways, such as by buckling or by rupturing. For each such failure 
mode, the amount of stress that would cause a member to fail in that way could be 
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Example 4.4 _____________________________________________________  
Effective Net Area for W Shape Tension Member 
A steel I-shaped member, a W8 × 21, is subject to a tensile load, P, as shown. 

  

Section properties 

Ag = 6.16 in2 

bf  = 5.27 in 

tf  = 0.40 in 

d = 8.28 in 

rx = 1.12 in 

      y  = 0.831 in 
[for WT4 × 10.5, 
AISC Table 1-8] 

 Material properties 

ASTM A992 steel 

Fy = 50 ksi 

Fu = 65 ksi 

 

 

 

 

 

Bolt properties 

dbolt = 3/4 in 

spacing = 3.0 in 

end distance = 1.25 in 

[center of hole to end of 
member measured parallel 
to direction of load] 

 

 

Determine the effective net area. Also, determine the design tensile strength (LRFD) 
and the allowable tensile strength (ASD). 

Solution 

Calculate the shear lag factor, U. Cases 2 and 7 in Table 4.1 both apply; therefore, it is 
permissible to take the larger value. Check case 2, considering the member as two WT 
shapes. The length of the connection is (3)(3.0 in) = 9.0 in. 
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Check case 7 with the flange containing three or more fasteners per line in the  
direction of loading. 
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For case 2, U = 0.91; for case 7, U = 0.85. Use the larger value of U = 0.91. From  
Eq. 4.8, for the net area, 
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PRACTICE PROBLEM 21 

An HSS6 × 6 × 3/8 member is secured to two tension tabs with 7/8 in diameter through-
bolts as shown. 

  

 

Section properties 

t = 0.349 in 

A = 7.58 in2 

b/t = 14.2 

h/t = 14.2 

 

I = 39.5 in4 

S = 13.2 in3 

r = 2.28 in 

Z = 15.8 in3 

Material properties 

ASTM A500, grade B 

Fy = 46 ksi 

Fu = 58 ksi 

What is most nearly the available strength of the HSS member? (LRFD options are in 
parentheses.) 

(A) 170 kips (250 kips) 

(B) 180 kips (270 kips) 

(C) 220 kips (320 kips) 

(D) 240 kips (360 kips) 

Solution 

From AISC Manual Table 5-5, for an HSS6 × 6 × 3/8 member, 
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From the same table, for yielding on the gross section (ϕt = 0.90, Ωt = 1.67), 

LRFD ASD 

314 kipst nPφ =  209 kipsn

t

P =
Ω

 

elevation

9 in

section




