
This month’s Steel Quiz continues the 
development of a Flexural Strength 
Chart in relation to Chapter F of the 2005 
AISC Specification for Structural Steel 
Buildings (a free download at www.aisc.
org/2005spec). There are only nine 
questions this month.

Orientation references to the “chart” 
in these questions assume that the ordi-
nate represents the flexural strength of a 
beam and the abscissa represents the 
unbraced length of the beam.    

1.         True/False: All hot-rolled W-shapes 
with Fy 50 ksi are classified as flex-

ural compact shapes?

2.What is the nominal flexural 
strength of a doubly-symmetric I-

shaped compact flexural member bent 

about the major axis, when Lb<Lp? What 
is the location and orientation of the 
line representing this capacity on the 
“chart”? 

3.What is the nominal flexural 
strength of a doubly-symmetric I-

shaped compact flexural member bent 
about the major axis, when Lp < Lb < Lr? 
What is the location and orientation of 
the line representing this capacity on the 
“chart”?

4.What is the nominal flexural 
strength of a doubly-symmetric 

I-shaped compact member bent about 
the major axis when Lb > Lr? What is 
the location and orientation of the 
line representing the capacity on the 
“chart”?

5.What is the relationship between 
the available flexural strength and 

the nominal flexural strength of a struc-
tural member?

6.What is the effect of using a noncom-
pact section as a flexural member?

7.What is the effect of using a slender 
web section as a flexural member?

8.How are the nominal flexural 
strengths of members bent about 

their minor axes and shapes other than 
I-shaped determined?    

9.What is the designation and pur-
pose of the modification factor for 

non-uniform moment diagrams?
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1.False—A handful of W-shapes have 
flexural non-compact flanges for 

Fy  = 50 ksi, but all have flexural com-
pact webs. Section F3 of the 2005 Speci-
fication includes a user note indicating 
ten W-shapes (and one M-shape) with 
flexural non-compact flanges at Fy = 50 
ksi. One of those W-shapes and the one 
M-shape also have flexural non-compact 
flanges at Fy = 36 ksi. As indicated in last 
month’s Steel Quiz, all elements of the 
section must be flexurally compact for 
the section to be considered compact to 
facilitate plastic yielding.

2.The nominal flexural strength of a 
doubly-symmetric I-shaped com-

pact flexural member bent about the 
major axis, when Lb < Lp is that value 
obtained according to the limit state of 
yielding (plastic moment) as stipulated 
in Equation (F2-1) of the 2005 Specifi-
cation. Mn = Mp = FyZx. The limit state 
of lateral-torsional buckling does not 
apply in this case. This nominal flexural 
strength in the region where Mn = Mp 
(plastic capacity of the section), is repre-
sented by a straight line at level Mp that 
extends from the ordinate line (Lb = 0) 
horizontally and parallel to the abscissa 
line (Mn = 0) to Lp (limiting laterally 
unbraced length for the limit state of 
yielding).  

3.The nominal flexural strength of a 
doubly-symmetric I-shaped com-

pact flexural member bent about the 
major axis, when Lp < Lb < Lr is the lower 
value obtained according to the limit 
states of yielding (plastic moment) and 
inelastic lateral-torsional buckling. This 
is the lower of Equat ions (F2-1) or (F2-
2) of the 2005 Specification. This nominal 
flexural strength in the region is repre-
sented by a straight line of diminish-
ing capacity, proportional to unbraced 
length, and extending between Lp and 
Lr on the abscissa. The nominal flexural 
strength cannot exceed the smaller of the 
capacities determined by (F2-1) or (F2-2), 
therefore the ordinate cannot be greater 
than the horizontal line representing Mp 
or the sloping line representing (F2-2). 
The astute observer will recognize that 
Equation F2-2 is simply a straight-line 
interpolation between Mp, Lp and Mr, Lr.   

4.The nominal flexural strength of 
a doubly-symmetric I-shaped 

compact flexural member bent about 

the major axis, when Lb > Lr is the lower 
value obtained according to the limit 
states of yielding (plastic moment) and 
elastic lateral-torsional buckling. This is 
the lower of Equations (F2-1) or (F2-3) of 
the 2005 Specification. The nominal flex-
ural strength in the region is represented 
by a concave curve starting at Lr that 
diminishes in a decreasing manner as 
the unbraced length Lb increases.

5.For LRFD, the available flexural 
strength is obtained by multiply-

ing the nominal flexural strength Mn by 
a resistance factor φ to result in a design 
flexural strength φ Mn. For ASD, the 
available flexural strength is obtained by 
dividing Mn by a safety factor Ω to result 
in an allowable flexural strength Mn/Ω.

6.A flexurally noncompact section 
will be subjected to local buckling 

after initial yielding and the inability 
to achieve a fully plastic section. Thus, 
the nominal flexural strength Mn cannot 
reach Mp=FyZx. 

Mn for doubly symmetric I-shaped 
members with compact webs and non-
compact or slender flanges is the lower 
value obtained according to the limit 
states of lateral-torsional buckling (F2-2) 
or (F2-3) based on the unbraced length, 
and compression flange local buckling 
(F3-1) for sections with non-compact 
flanges (λp ≤ λrf  ≤ λr) or (F3-2) for sections 
with slender flanges (λrf > λr).

Mn for other I-shaped members with 
compact or noncompact webs bent about 
their major axes, is the lowest value 
obtained according to the limit states 
of compression flange yielding (F4-1), 
lateral-torsional buckling (F4-2) or (F4-3) 
depending on unbraced length Lb, com-
pression flange local buckling (F4-12) for 
sections with noncompact flanges or (F4-
13) for sections with slender flanges, and 
tension flange yielding (F4-14).  

7.There are no hot-rolled structural 
shapes that have flexurally slender 

webs. Typically slender webs are associ-
ated with plate girders. Section F5 of the 
2005 Specification covers doubly sym-
metric and singly symmetric I-shaped 
members with slender webs attached to 
the mid-width of the flanges, bent about 
their major axes. The nominal flexural 
strength, Mn, for such members is the 
lowest value obtained according to the 
limit states of compression flange yield-

ing (F5-1), lateral-torsional buckling (F5-
2), compression flange local buckling 
(F5-7), and tension flange yielding (F5-
10).

8.The nominal flexural strength, Mn, 
of I-shaped members and channels 

bent about their minor axes is stipulated 
in Section F6, and that for various other 
sections in Sections F7 through F13 of 
the 2005 Specification. It is important to 
note that lateral torsional buckling does 
not apply to a member bent about the 
weak axis. 

9.Cb is a lateral-torsional buckling 
factor used to account for non-uni-

form moment diagrams of the flexural 
member when both ends of the unsup-
ported segment are braced. The nominal 
flexural strength as defined by Mn based 
on Cb=1.0 corresponds to a uniform 
moment in the braced segment and can 
be used conservatively for all moment 
diagram shapes. However, when there 
is a moment gradient, Cb>1 can be deter-
mined by Equation (F1-1) based on the 
moment diagram of the applied load 
and support conditions, and is permitted 
to be used to modify Mn in the applica-
ble capacity equation involving lateral-
torsional buckling. Note that Cb cannot 
be used to increase the nominal flexural 
strength in excess of Mp, however. ★
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