
Chapter 5.5b – Beams

Chapter 5 – Compact Shapes
 The moment strength of compact shapes is a function of the 

unbraced length, Lb, defined as the distance between points
of lateral support, or bracing. 

 In this course, we indicate points of lateral support with an 
“×,” as shown below.

× ×

× ××
Lb

Lb

Chapter 5 – Compact Shapes

Mp

Mn

LbLp 

No
instability

Compact
shapes

 The relationship between the nominal strength, Mn, and the 
unbraced length Lb is shown below.

 If the Lb is not greater than Lp, to be defined presently, the 
beam is considered to have full lateral support, and Mn = Mp. 

Chapter 5 – Compact Shapes

Mp

Mr

Mn

LbLrLp 

No
instability

Inelastic
LTB

Elastic
LTB

Compact
shapes

 If Lb is greater than Lp but less than or equal to the parameter 
Lr, the strength is based on inelastic LTB. 

 If Lb is greater than Lr, the strength is based on elastic LTB.

Chapter 5 – Compact Shapes
 The equation for the theoretical elastic lateral-torsional 

buckling strength can be found in Theory of Elastic Stability 
(Timoshenko and Gere, 1961). 

Mp

Mr

Mn

LbLrLp 

No
instability

Inelastic
LTB

Elastic
LTB

Compact
shapes

Chapter 5 – Compact Shapes
 Stepan Prokopovich Timoshenko (1878-1972) is considered 

to be the father of modern engineering mechanics. 

 A founding member of the Ukrainian Academy of Sciences, 
Timoshenko wrote seminal works in the areas of engineering 
mechanics, elasticity, and strength of materials, many of 
which are still widely used today.
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Chapter 5 – Compact Shapes
 Stepan Prokopovich Timoshenko (1878-1972) is considered 

to be the father of modern engineering mechanics. 
1. Applied Elasticity, with J. M. Lessells, D. Van Nostrand Company, 1925
2. Vibration Problems in Engineering, D. Van Nostrand Company, 1st Ed. 1928, 2nd Ed. 1937, 3rd Ed. 1955 

(with D. H. Young)
3. Strength of Materials, Part I, Elementary Theory and Problems, D. Van Nostrand Company, 1st Ed. 1930, 

2nd Ed. 1940, 3rd Ed. 1955
4. Strength of Materials, Part II, Advanced Theory and Problems, D. Van Nostrand Company, 1st Ed. 1930, 

2nd Ed. 1941, 3rd Ed. 1956
5. Theory of Elasticity, McGraw-Hill Book Company, 1st Ed. 1934, 2nd Ed. 1951 (with J. N. Goodier), 3rd Ed. 

1970 (with J.N. Goodier)
6. Elements of Strength of Materials, D. Van Nostrand Co., 1st Ed. 1935, 2nd Ed. 1940, 3rd Ed. 1949 (with 

G.H. MacCullough), 4th Ed. 1962 (with D.H. Young)
7. Theory of Elastic Stability, McGraw-Hill Book Company, 1st Ed. 1936, 2nd Ed. 1961 (with J. M. Gere)
8. Engineering Mechanics, with D.H. Young, McGraw-Hill Book Company, 1st Ed. 1937, 2nd Ed. 1940, 3rd. Ed. 

1951, 4th Ed. 1956
9. Theory of Plates and Shells, McGraw-Hill Book Company, 1st Ed. 1940, 2nd Ed. 1959 (with S. Woinowsky-

Krieger)
10. Theory of Structures, with D. H. Young, McGraw-Hill Book Company, 1st Ed. 1945, 2nd Ed. 1965
11. Advanced Dynamics, with D. H. Young, McGraw-Hill Book Company, 1948
12. History of The Strength of Materials, McGraw-Hill Book Company, 1953
13. Engineering Education in Russia, McGraw-Hill Book Company, 1959
14. Mechanics of Materials, with J. M. Gere, 1st edition, D. Van Nostrand Company, 1972

Chapter 5 – Compact Shapes
 With some changes, the nominal moment strength is

n cr xM F S=

where Fcr is the elastic buckling stress and is given by
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cr y y w
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where Iy is the moment of inertia about the weak axis, in4

G is the shear modulus = 11,200 ksi,
J is the torsional constant, in4,
Cw is the warping constant, in6
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 This equation being valid if the bending moment within the 

unbraced length is uniform (nonuniform moment is accounted 
for with a factor Cb, which is explained later). 

 The AISC Specification gives a different, but equivalent, form 
for the elastic buckling stress Fcr. 

n cr x pM F S M= ≤

( )
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AISC Equation F2-3

AISC Equation F2-4

where Cb is a lateral-torsional buckling modification factor
factor to account for nonuniform bending within the unbraced 
length Lb
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 Other relationships are:
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AISC Equation F2-7

AISC Equation F2-8b

c = 1.0 for doubly symmetric I shapes

AISC Equation F2-8a0 for channels
2
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w

hc
C

=
I

h0 = d – tf distance between flange centroids

Chapter 5 – Compact Shapes
 If the moment when lateral-torsional buckling occurs is 

greater than the moment corresponding to first yield, the 
strength is based on inelastic behavior. 

 The moment corresponding to first yield is: 0.7r y xM F S=

 Here, the yield stress Fy has been reduced by 30% to account 
for the effect of residual stress. 

Chapter 5 – Compact Shapes
 The boundary between elastic and inelastic behavior will be for 

an unbraced length of Lr, which is the value of Lb obtained from 
AISC Equation F2-4 when Fcr is set equal to 0.7Fy with Cb = 1.0.
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Chapter 5 – Compact Shapes
 As with columns, inelastic buckling of beams is more 

complicated than elastic buckling, and empirical formulas are 
often used. 

 The following equation is used by AISC:

( )0.7 b p
n b p p y x p

r p

L L
M C M M F S M

L L

  −
= − − ≤   −   

AISC Equation F2-2

where the 0.7FySx term is the yield moment adjusted for 
residual stress, and

1.76p y
y

EL r
F

= AISC Equation F2-5

Chapter 5 – Compact Shapes
 Summary of Nominal Flexural Strength - The nominal bending 

strength for compact I and C-shaped sections can be 
summarized as follows:

AISC Equation F2-6

AISC Equation F2-5
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Chapter 5 – Compact Shapes
 Summary of Nominal Flexural Strength - The nominal bending 

strength for compact I and C-shaped sections can be 
summarized as follows:

For b pL L≤

AISC Equation F2-2

n pM M= AISC Equation F2-1

For p b rL L L< ≤ ( )0.7 b p
n b p p y x p
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For b rL L> n cr x pM F S M= ≤ AISC Equation F2-3
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 Summary of Nominal Flexural Strength - The nominal bending 
strength for compact I and C-shaped sections can be 
summarized as follows:

For b pL L≤ n pM M= AISC Equation F2-1y xF Z=
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 Summary of Nominal Flexural Strength - The nominal bending 
strength for compact I and C-shaped sections can be 
summarized as follows:

AISC Equation F2-2

For p b rL L L< ≤ ( )0.7 b p
n b p p y x p

r p
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 Summary of Nominal Flexural Strength - The nominal bending 
strength for compact I and C-shaped sections can be 
summarized as follows:

For b rL L> n cr x pM F S M= ≤ AISC Equation F2-3
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AISC Equation F2-4
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Chapter 5 – Compact Shapes
 Example 5.4: Determine the flexural strength of a W14 x 82 of 

A572 Grade 50 steel (Fy= 50 ksi; Fu = 65 ksi) subject to:
a) Continuous lateral support.
b) An unbraced length of 25 ft with Cb = 1.0.
c) An unbraced length of 35 ft with Cb = 1.0.

 First, determine whether this shape is compact, noncompact, or 
slender:

Chapter 5 – Compact Shapes
 Example 5.4:

Chapter 5 – Compact Shapes
 Example 5.4: 5.92
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Chapter 5 – Compact Shapes
 Example 5.4: Check for compactness.
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The flange is compact

The web is compact

The web is compact for all shapes in the Manual for Fy ≤ 70 ksi

Chapter 5 – Compact Shapes
 Example 5.4:Because the beam is compact and laterally 

supported, the nominal flexural strength is:

b nMφ

6,950k in=n pM M= y xF Z= ( )350 123ksi in=

521.25k ft=

For LRFD: 

( )0.90 579.17kft=

579.17k ft=

Chapter 5 – Compact Shapes
 Example 5.4: 2.85tsr in=

45.07J in=

2.48yr in= 0 13.4h in=3123XS in=
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Chapter 5 – Compact Shapes
 Example 5.4: An unbraced length of 25 ft with Cb = 1.0.

1.76p y
y

EL r
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= ( ) 29,0001.76 2.48
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ksiin
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= 105.12in=

( )25 12 300bL ft in ft in= =
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 The following equation is used by AISC:

( )0.7 b p
n b p p y x p

r p
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  −
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AISC Equation F2-2

 Example 5.4: An unbraced length of 25 ft with Cb = 1.0.

( )( )( )3 300 105.121.0 6,950 6,950 0.7 50 123
398.0 105.12

in inkin kin ksi in
in in

 − = − −   −  

5,190.0kin= 432.50kft= pM≤

389.25k ft=

For LRFD: 

( )0.90 432.50kft=b nMφ

579.17k ft=
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 Example 5.4: An unbraced length of 35 ft with Cb = 1.0.

( )35 12 420bL ft in ft in= = b rL L>

For b rL L> n cr x pM F S M= ≤ AISC Equation F2-3
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 Example 5.4:

b nMφ 302.99k ft=

For LRFD: 

( )0.9 336.66kft=

An unbraced length of 35 ft with Cb = 1.0.

n cr xM F S= 4,039.86k in=( )338.84 123ksi in= 336.66kft=

Let’s work on some problems

Chapter 5 – Compact Shapes Chapter 5 – Beams 

Any questions?
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