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Basic Steel Design

Louis F. Geschwindner

Welcome to today’s webinar. 

Today’s audio will be broadcast through the internet. 
Please be sure and turn up the volume on your 
speakers.
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Today’s live webinar will begin shortly.  
Please standby.

Today’s audio will be broadcast through the internet. 

Please type any questions or comments through the Chat 
feature on the left portion of your screen.

AIA Credit

AISC is a Registered Provider with The American Institute of Architects Continuing 
Education Systems (AIA/CES).  Credit(s) earned on completion of this program will be 
reported to AIA/CES for AIA members.  Certificates of Completion for both AIA 
members and non-AIA members are available upon request.

This program is registered with AIA/CES for continuing professional education.  As such, 
it does not include content that may be deemed or construed to be an approval or 
endorsement by the AIA of any material of construction or any method or manner of 
handling, using, distributing, or dealing in any material or product.  

Questions related to specific materials, methods, and services will be addressed at the 
conclusion of this presentation.



3.3

AISC Night School
February 11, 2020

Basic Steel Design
Session 3: Compression Members

© Copyright 2020
American Institute of Steel Construction

Copyright Materials

This presentation is protected by US and International Copyright 
laws.  Reproduction, distribution, display and use of the 
presentation without written permission of AISC is prohibited.

© The American Institute of Steel Construction 2020

Session Description

22.3 Compression Members
February 11, 2020

The design of columns – compression members, is the focus of this session. The 
session will review the strength of compression members as defined by the 
Specification. The session will review steel shapes and their behavior in 
compression. The session will discuss the limit states of flexural buckling, local 
buckling, torsional buckling, and flexural-torsional buckling. Members with and 
without slender elements are reviewed. Design examples will be presented.
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Learning Objectives:

• Describe the limit state of flexural buckling for the design of 
compression members.

• Describe the limit state of local buckling for the design of 
compression members.

• Describe the limit state of torsional buckling and flexural-
torsional buckling for the design of compression members.

• List the design steps for members with and without slender 
elements.

3.8

Basic Steel Design: A review of the 
principles of steel design according to 
ANSI/AISC 360-16

Night School 22

Lesson 3

Compression Members
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3.9

Lesson 3 – Compression

• Compression Members

– Strength

– Flexural buckling

– Effective length

– Local buckling

– Torsional and flexural-torsional buckling

– Built-up shapes

3.10

Compression Members
B3.1. For LRFD, design shall be performed in 

accordance with:

where
Ru = required strength (LRFD) defined in Chapter C

Rn = nominal strength specified in Chapter E

f = resistance factor specified in Chapter E

fRn= design strength = resistance factor (nominal strength)

u nR R f (B3-1)

Required Strength  Available Strength
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3.11

Compression Members
B3.2. For ASD, design shall be performed in 

accordance with:

where
Ra = required strength (ASD) defined in Chapter C

Rn = nominal strength specified in Chapter E

W = safety factor specified in Chapter E

Rn/W = allowable strength = nominal strength

safety factor

a nR R W (B3-2)

Required Strength  Available Strength

3.12

Compression Members

E1. “The design compressive strength, fcPn, and   
the allowable compressive strength, Pn/Wc, are 
determined as follows:

The nominal compressive strength, Pn, shall be 
the lowest value obtained based on the applicable 
limit states of flexural buckling, torsional buckling, 
and flexural-torsional buckling.” 

0.90 1.67c cf  W  (LRFD)           (ASD)
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3.13

Compression Members

• Limit States

– Yielding: not mentioned in list of limit states to be 
checked. But, it is the upper limit for all shapes.

– Flexural buckling: lateral buckling about a geometric 
axis, Euler Buckling, considered for all shapes.

– Torsional buckling: Twist buckling of double symmetric 
shapes.

– Flexural-Torsional buckling: Combined twist and 
lateral buckling for singly- and non-symmetric shapes.

3.14

Steel as a Material
Elastic 
Behavior

S
tr

e
ss

, 
F

Strain, ε

Slope = Modulus of Elasticity, E

Fy = Yield Stress

εy = Yield Strain

Plastic Behavior

Fu = Ultimate Strength
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3.15

Compression Members

Yielding is the upper limit for all shapes. 
Only members with a length about twice 
the depth or less will reach yielding. A 
buckling limit state will occur first for 
longer members.

S
tr

e
s
s,

 F

Strain, ε

Plastic Behavior

Fy

Inelastic behavior will be 
discussed next

No strain 
hardening in 
compression

3.16

Compression Members

Inelastic behavior results from the 
presence of residual stresses in the rolled 
shape. This will have an impact on column 
strength that will be shown later.

Stub column test where actual 
residual stresses impact stress-
strain curve

S
tr

e
s
s
, 

F

Strain, ε

Plastic Behavior

Fy
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3.17

Compression Members

• Limit States

– Flexural buckling:

– Torsional buckling: 

3.18

Compression Members

• Limit States

– Flexural-Torsional buckling:
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3.19

Flexural Buckling

• Flexural buckling was first address by Leonhard 
Euler, a Swiss mathematician, about 1744. It is 
what we generally call Euler buckling.

• The theoretical derivation will not be addressed 
here but there are many references available.

• Remember Euler’s Equation? It is given by

2 2

22
   or   cr cr

EI E
P F

L L

r

 
 

 
 
 

3.20

Flexural Buckling

• Yielding and elastic flexural buckling

S
tr

e
s
s
, 

F

Strain, ε

Plastic Behavior

Fy
2

2cr

E
F

L

r



 
 
 

crF

L

r

yF

Note that although the Euler Buckling solution gives stresses 
greater than Fy, the column can not physically carry stresses 
that high, thus the curve is “cut off” at Fy.
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3.21

Flexural Buckling

• Inealstic flexural buckling
S

tr
e

s
s,

 F

Strain, ε

Plastic Behavior

Fy

Now the Euler Buckling solution is again reduced because 
of the presence of residual stresses in the real compression 
member.

crF

L

r

yF
2

2cr

E
F

L

r



 
 
 

Inelastic

Inelastic behavior

3.22

Flexural Buckling

• Have already considered:
– Yielding

– Elastic flexural buckling

– Inelastic flexural buckling

• Additional factors influencing column 
behavior that must be addressed to 
produce the Specification provisions:
– End conditions: the K-factor and effective 

length are introduced

– Out-of-straightness: the 0.877 multiplier is used
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3.23

Elastic buckling stress

Dividing line between 
inelastic and elastic buckling

Flexural Buckling

• Specification equations

crF

cL KL

r r


yF 0.877cr eF F

ElasticInelastic

 0.658
y

e

F

F
cr yF F

2 2

2 2e

c

E E
F

KL L

r r

 
 
   
   
   

4.71
y

KL E

r F


Both curves are reduced from theoretical to 
account for out-of-straightness

3.24

Compression Members

E2. Effective Length

“The effective length, Lc, for calculation of member 
slenderness, Lc/r, shall be determined in accordance 
with Chapter C or Appendix 7,”

where

Lc = KL = effective length of member, in. (mm)

K = effective length factor 

L = laterally unbraced length of the member, in. (mm) 

r = radius of gyration, in. (mm)
User Note: For members designed on the basis of compression, the 
effective slenderness ratio, Lc/r, preferably should not exceed 200. 
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3.25

Effective Length Factor

3.26

Effective Length Factor

KL

KL

Braced frame members: ends do 
not sway relative to each other
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3.27

Effective Length Factor

• Compression member bracing

The definition of K is dependent on the definition of L

L

K = 1.0 K = 0.5 K = 0.33 K = 0.25 K = 0.67

3.28

Effective Length Factor

• Compression member bracing

The definition of K is dependent on the definition of L

L

K = 1.0 K = 0.5 K = 0.33 K = 0.25 K = 0.67

2L/3L/2
L/3 L/4
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3.29

E3. Flexural Buckling of Members (Without    

Slender Elements)

Nominal Compressive Strength

n cr gP F A (E3-1)

Flexural Buckling

3.30

• Elastic buckling stress is based on 

or Appendix 7.2.3(b) where Fe shall be 
determined from a sidesway buckling 
analysis for moment frames.

(E3-4)

Flexural Buckling

2

2e

c

E
F

L

r



 
 
 
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3.31

• Inelastic Response

• Elastic Response

 0.658
y

e

F

F
cr yF F

4.71 2.25yc

y e

FL E

r F F
      or 

(E3-2)

Flexural Buckling

0.877cr eF F (E3-3)

4.71 2.25yc

y e

FL E

r F F
      or 

3.32

Fcr

cL

r4.71
y

E

F

(0.658)
y

e

F

F
cr yF F

0.877cr eF F

Inelastic Elastic

Flexural Buckling
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3.33

• ASD

• LRFD

1.67
0.6cr gn

g

c

crF
F AP

A 
W

Allowable Stress

0.90 cc grn FP Af 

Design Stress

These are the 
available stress values 
tabulated in Table 4-14

Flexural Buckling

3.34

Flexural Buckling
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3.35

• A992 Wide flange members,

• A36 Angles,

4.71 113c

y

L E

r F
 

50 ksiyF 

36 ksiyF 

4.71 134c

y

L E

r F
 

Flexural Buckling

3.36

• A500 Gr C Rectangular HSS,

• A500 Gr C Round HSS,

4.71 113c

y

L E

r F
 

4.71 118c

y

L E

r F
 

50yF   ksi

46yF   ksi

Flexural Buckling
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3.37

Flexural Buckling

50 100 200150

10

20

70

30

40

50

60
C

ri
ti
c
a

l S
tr

e
s
s,

 F
cr

Slenderness Ratio, Lc/r

For the yield stresses shown, 35 ksi to 70 
ksi, the transition from inelastic to elastic 
flexural buckling takes place in this range

In the elastic region, all 
steels have the same 
strength

3.38

F
y

h
a

s
 n

o
 i
m

p
a

ct
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n
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va
ila

b
le

 s
tr

e
n

g
th

Flexural Buckling
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3.39

Flexural Buckling

For W-shapes, ry is the least radius of gyration

x

y

Table 4-1b
Fy = 65 ksi

Table 4-1c
Fy = 70 ksi

3.40

Example 1

• Consider a W14 x 120 column (A992)

– Shape without slender elements

• Determine the available compressive strength 
by ASD and LRFD

x

y

KxL KyL

30 ft

50 ksi

1.0

0.5

y

x

y

L

F

K

K








6.24 in.

3.74 in.

x

y

r

r




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3.41

Example 1

Critical Slenderness

1.0(30)(12)
57.7

6.24
c

x

L

r
 

0.5(30)(12)
48.1

3.74
c

y

L

r
 

 
 

22

2 2

29,000
86.0 ksi

57.7
e

c

E
F

L

r


  
 
 
 

3.42

Example 1

 
50

86.0

57.7 113

(0.658) 50 39.2

(39.2)(35.3) 1380

c

cr

n

L

r

F

P

 

 

 

   therefore use Eq. E3-2

 ksi

 kips
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3.43

• ASD

Example 1

1380
826

1.67
n

c

P
 

W
 kips

To use Table 4-1a, when x-axis is critical 
we must determine an equivalent Lcy

 

 

equivalent

equivalent

30
18.0 ft

1.67

cy
cx

y x

cx
cy

x y

L L

r r

L
L

r r





 

3.44

Example 1

• LRFD  0.9 1380 1240c nPf    kips

 

 

equivalent

equivalent

30
18.0 ft

1.67

cy
cx

y x

cx
cy

x y

L L

r r

L
L

r r





 

To use Table 4-1a, when x-axis is critical 
we must determine an equivalent Lcy
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3.45

Compression Member Design

• For a compression member design 

– We likely know
• Required strength

• Member length

• Some idea of effective length factor

– Unlike for tension members we don’t know
• The critical stress

– However, we could estimate
• Radius of gyration which leads to a slenderness ratio which 

leads to critical stress

– Or rely on the design tables from the Manual

3.46

Example 2 (ASD)

Select a column section by ASD

ASD load combination (D+L)

275 600 875 kipsaP   

275

600

D

L

P

P





 kips

 kips
18cx cyL L   ft
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3.47

875aP   kips

Example 2 (ASD)

• Select W14x132

• Required Strength

• Available strength

• Therefore the column 
is adequate

913nP


W
 kips

3.48

Example 2 (LRFD)

Select a column section by LRFD

LRFD load combination (1.2D+1.6L)

   1.2 275 1.6 600 1290 kipsuP   

275

600

D

L

P

P





 kips

 kips
18cx cyL L   ft
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3.49

Example 2 (LRFD)

• Select W14x132

• Required Strength

• Available strength

• Therefore the column 
is adequate

1290uP   kips

1370nPf   kips

3.50

Slender Elements

• An element is slender if it would buckle 
locally before it is able to reach yield.

• Two types of elements

– Unstiffened elements: those supported along 
only one edge parallel to the direction of the 
compression force; such as flanges

– Stiffened elements: those supported along 
two edges parallel to the direction of the 
compression force; such as webs



3.26

AISC Night School
February 11, 2020

Basic Steel Design
Session 3: Compression Members

© Copyright 2020
American Institute of Steel Construction

3.51

1

2 2

f f

f f

b bb

t t t

 
   

 

Unstiffened Elements

ft

b

3.52

w

h

t

Stiffened Elements

h
wt
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3.53

Slender Elements 

0.56
2

f

rf

f y

b b E

t t F
  

A992,  50 ksiyF 

Unstiffened Elements
W-shape Flange - Case 1

13.5rf 

3.54

Slender Elements 

1.49rw

w y

h E

t F
  

35.9rw 

Stiffened Element
W-shape Web - Case 5

A992,  50 ksiyF 
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3.55

Slender Elements

Note the footnote on the weight, 117c

3.56

Slender Elements

Note that h/tw exceeds 35.9
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3.57

Slender Elements

• All W-shapes have nonslender flanges for 
compression with Fy < 68 ksi.

• Only one “column” section has a slender 
web for compression with A992 steel; 

W14x43

• Many W-shapes, meant to be used as 
beams, have slender webs for uniform 
compression. For example those just 
shown. 

Chapter E

• E7. Members with Slender Elements

– Stiffened and unstiffened elements treated 
similarly (same effective width equation)

– The critical stress is the same, regardless of 
element slenderness (E3-2, E3-3)

– Slender element comes into play through the 
effective area

n cr eP F A (E7-1)

3.58
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Chapter E

• E7. Members with Slender Elements

– when
y

r

w cr

Fh

t F
  

eb b (E7-2)

3.59

0.56r

y

E

F
 

Web of an I-shape

Chapter E

• E7. Members with Slender Elements

– when
y

r

w cr

Fh

t F
  

11 el el
e

cr cr

F F
b b c

F F

 
   

 

(E7-3)

2

2
r

el yF c F




 
  
 

(E7-5)

3.60

Elastic local buckling stress

0.56r

y

E

F
 

Web of an I-shape
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Chapter E

Table E7.1

Effective Width Imperfection Adjustment Factor, c1

and c2 Factor.

Case Slender Element c1 c2

(a) Stiffened elements except walls of square and rectangular HSS 0.18 1.31

(b) Walls of square and rectangular HSS 0.20 1.38

(c) All other elements 0.22 1.49

Round HSS are treated differently

1
2

1

1 1 4

2

c
c

c

 


3.61

Example 3

• Determine the compressive strength of a built-up 
slender flange I-shape. Lc = KL = 20 ft

Flange: 24 x 0.5 in.
Web:     24 x 0.75 in.

 

4 4
0.707

24.0 0.75

0.64

0.64 0.707 29,000 50

13.0 2 24

c

w

rf c y

f f

k
h t

k E F

b t

  

 



  

Thus, the flange is slender

Web slenderness, Case 5

24.0 0.75 32

1.49 35.9

w

r y

h t

E F

 

  

Thus, the web is not slender

3.62

5.24 in.yr 

Flange slenderness, Case 2
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Example 3

• Determine the compressive strength of a built-up 
slender flange I-shape. Lc = KL = 20 ft

 

 

   

2

2

0.368

20 12
45.8

5.24

136 ksi

50
0.368 2.25

136

0.658 50 42.9 ksi

c

y

e

c

y

e

cr

L

r

E
F

L r

F

F

F

 


 

  

 

Flange: 24 x 0.5 in.
Web:     24 x 0.75 in.

3.63

5.24 in.yr 

Example 3

Table E7.1 Effective Width Imperfection Adjustment Factor, c1 and c2 Factor.

Case Slender Element c1 c2

(a) Stiffened elements except walls of square and rectangular HSS 0.18 1.31

(b) Walls of square and rectangular HSS 0.20 1.38

(c) All other elements 0.22 1.49

3.64

We know that the flange will act as a 
slender element if Fcr = Fy.

But, at the actual compression stress will 
it act as a slender element?
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Example 3

• Determine if the flange will actually act slender.

• Determine the effective width

13.0 42.9

2 24.0 13.0 50 42.9 14.0

rf cr

f f rf y cr

F

b t F F

  

    

   and    ksi

Thus, the flange will behave as a slender element for a column with a stress of 42.9 ksi

11

32.6 32.6
12 1 0.22 8.45

42.9 42.9

el el
e

cr cr

F F
b b c

F F

 
   

 

 
    

 

Note there is no upper limit on be since it 
will always be less than b

3.65

 

2

2

2
13.0

1.49 50
24.0

32.6

r
el yF c F

 
  
 

  
   

  






(E7-5) (E7-3)

Example 3

• Then determine the effective area

• Using the effective area, determine the nominal strength

        224 0.75 2 8.45 0.5 2 8.45 0.5 34.9 in.eA    

web flange flange

3.66

        224 0.75 2 12.0 0.5 2 12.0 0.5 42.0 in.gA    

 42.9 34.9 1500 kipsnP  
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0

500

1000

1500

2000

2500

0 10 20 30 40 50 60 70 80 90 100

P
n
, k

ip
s

Effective Length, Lc, (KL), ft

Built-up I-shape with Slender Flange,
Fy = 50 ksi

2016 Pn

w/o slender elements

Example 3

24.0 0.64 12.96f c yb t k E F  

Flanges 24 in. x 0.5 in.
Web 24 in. x 0.75 in.

The worst case
reduction is at Lc = 0 

Ae/Ag = 0.808

1500 k

1800 k

3.67

Ae/Ag = 0.83
Ae/Ag = 1.0

n cr gP F A

Example 3

• At what effective length, Lc, will there be no 
reduction in effective area?

• when

• therefore

3.68

,   
2

f y

r e

f cr

b F
b b

t F
    

50
24 13    thus,   14.7 ksi

2

f

cr

f cr

b
F

t F
  

We could solve for Lc/r but we will use Manual Table 4-14.
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Example 3

3.69

 0.9 14.7 13.2 ksicrFf  

 

131

thus,

131 131 5.24 686 in.

57.2 ft

c

c y

L

r

L r



  



3.70

Torsional Buckling

• Doubly symmetric members may exhibit 
buckling in a torsional mode.

These shapes are arranged in order of increasing torsional strength

Strength of the cruciform is very likely to be controlled by the limit state 
of torsional buckling while strength of the closed shapes will not.
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3.71

Torsional Buckling

• The elastic torsional buckling stress for doubly 
symmetric members is a function of two types of torsion, 
pure torsion and warping torsion. The Specification 
gives:

• This elastic torsional buckling stress is then used, like 
the elastic flexural buckling stress, to obtain the critical 
stress for this limit state.

(E4-2)

Warping Torsion Pure Torsion

2

2

1
e

x y

w

cz

G
C

L
F

I
J

E

I

 
 
 


 



3.72

Flexural-Torsional Buckling

• Singly symmetric members can buckle in a 
mode that combines torsional and flexural 
buckling which we call flexural-torsional 
buckling.
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3.73

Flexural-Torsional Buckling

• For singly symmetric members the elastic  
flexural-torsional buckling stress.  

 
2

4
1 1

2

ey ez ey ez

e

ey ez

F F F F H
F

H F F

           
 

(E4-3)

The y-axis is the axis of symmetry and the z-axis 
represents the torsional axis

3.74

Flexural-Torsional Buckling

• The elastic torsional buckling stress for a singly 
symmetric member is given by

• The elastic flexural buckling stress is given by

(E4-7)

We will look at an example when we address built-up members

(E4-6)

2

2 2

1w
ez

cz g o

EC
F GJ

L A r

 
  
 

2

2ey

cy

y

E
F

L

r



 
  
 
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3.75

Single Angle Compression 
Members

• These members may be singly symmetric 
(equal legs) or non-symmetric (unequal 
legs)

• To be axially loaded, they must be loaded 
at the centroid (unlikely)

c.g. c.g.

3.76

Single Angle Compression 
Members

• E5. Single-Angle Compression Members 

– May consider only flexural buckling, if

This limit is met by all currently produced angles.

– Otherwise must consider flexural-torsional buckling

– There is also a special case described in Section E5
for when the single angle is not loaded at the centroid 
but eccentricity may be neglected.

0.71 yb t E F

This is b/t = 20 for Fy = 36 ksi
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3.77

Single Angle Compression 
Members

• If the member is 

– loaded at its ends through same leg

– attached by welding or a minimum of two bolts

– has no intermediate transverse loads

– Lc/r determined here does not exceed 200

– long leg/short leg ≤ 1.7

• Then

Use the modified slenderness ratio and ignore 
eccentricity

3.78

Single Angle Compression 
Members

• As an example, for equal leg angles that 
are individual members or webs of planer 
trusses

when 

when

80 :
a

L

r
 72 0.75c

a

L L

r r
 

80 :
a

L

r
 32 1.25c

a

L L

r r
 

(E5-1)

(E5-2)
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3.79

Single Angle Compression 
Members

• For the same equal leg angle that is part 
of a box or space truss

when 

when

75 :
a

L

r
 60 0.8c

a

L L

r r
 

75 :
a

L

r
 45c

a

L L

r r
 

(E5-3)

(E5-4)

3.80

Example 4

• Determine the available compressive 
strength of a 5 x 3 x ½ A36 angle used as 
a web member of a truss. The web 
member is 5 ft long and welded to the 
chords.

3 ft

4 ft
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3.81

Example 4

• The angle is attached through its 5 in. leg at each 
end. There are no intermediate transverse loads. 
It satisfies the requirements of Section E5

23.75

1.58

0.824

0.642

g

x

y

z

A

r

r

r









 in.      

 in.  

 in.     

 in.

y

y

a yr r

3.82

Example 4

• Determine the effective slenderness

• Therefore use Eq. E5-1

 

72 0.75

72 0.75 72.8 127 4.71 134

c

a

c

y

L L

r r

L E

r F

 
   

 

    

5.0(12)
72.8 80

0.824a y

L L

r r
   

The limit for 
determining use of 
Eq. E3-2 or E3-3

Use Eq. E3-2
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3.83

Example 4

• Determine the elastic buckling stress from 
Eq. E3-4

and the critical stress from Eq. E3-2

 

2 2

2 2

(29000)
17.7

127
e

c

E
F

L

r

 
  
 
 
 

   
36

17.70.658 36 15.4crF    ksi

3.84

Example 4

• Nominal strength

• ASD

• LRFD

57.8
34.6

1.67
 kipsn

c

P
 

W

 15.4 3.75 57.8n cr gP F A    kips

 0.9 57.8 52.0 kipsc nPf  
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3.85

Example 4

• To use the concentrically loaded single 
angle tables, determine the effective Lc

with respect to the z-axis based on the 
slenderness ratio already determined

 127 0.642
6.79

12
c

c eff z

L
L r

r
    
 

  ft

3.86

Example 4

34.7

52.1

Interpolating

 kips

 kips

a

u

P

P




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3.87

Single Angle

• If the requirements of Section E5 are not 
met, eccentricity must be considered

Eccentricity will induce 
bending moments. 
Combined axial force 
and bending will be 
addressed in Lesson 5.

3.88

Built-Up Members

• Built-up members are composed of two 
shapes interconnected with bolts or welds 
or with at least one open side 
interconnected by plates or lacing.

• The key to determining the strength of 
built-up members is determining the 
correct slenderness ratio.
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3.89

Built-Up Members

• Section E6 requires

– “The end connection shall be welded or 
connected by means of pretensioned bolts 
with Class A or B faying surfaces.” 

• Slip in the end connection could cause the 
built-up member to loose strength and 
behave as individual members.

3.90

Built-Up Members

• Nominal strength is determined using a 
modified slenderness ratio if connectors 
are in shear in the buckling mode.

xx

y

y

Buckling about the x-axis 
treat as two single angles

Buckling about y-axis treat 
as a built-up member
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3.91

Built-Up Members

• When intermediate connectors are snug-
tight bolts,

22

c c

m o i

L L a

r r r

    
      

     

(E6-1)

c

m

c

o

i

L

r

L

r

a

r

 
 

 

 
 

 





modified slenderness ratio

built-up member acting as a unit

 distance between connectors

 minimum radius of gyration of component

3.92

Built-Up Members

• When intermediate connectors are welds 
or pretensioned bolts

for

for 

40
i

a

r
 c c

m o

L L

r r

   
   

   
(E6-2a)

22

c c i

m o i

L L K a

r r r

    
      

     
(E6-2b)40

i

a

r

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3.93

Built-Up Members

• Definitions:

0.50

0.75

0.86

modified slenderness ratio

slenderness ratio of built-up member acting as a unit

  for angles back-to-back

  for channels back-to-back

  for all other cases

 distan

c

m

c

o

i

L

r

L

r

K

a

 
 

 

 
 

 







 ce between connectors

 minimum radius of gyration of componentir 

3.94

• Determine the available compressive 
strength of 2-L5 x 3 x ½ LLBB A36 angles 
used as the top chord of a truss. The 
angles are attached with welds at two 
intermediate points and at the ends.

Example 5

10 ft
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3.95

Example 5

• Determine the available compressive 
strength of 2-L5 x 3 x ½ LLBB A36 angles 
used as the top chord of a truss.

2

6

3.75 9.43

1.58 2.55

0.824 0.322

0.642 0.444

g x

x y

y

z w

A I

r I

r J

r C

 

 

 

 

4

4

4

Single Angle Table 1-7

 in.     in.  

 in.       in.

 in.     in.  

 in.     in.

xx

y

3/8 in.

3.96

Example 5

• Combined properties, Table 1-15 in red here

 

 

 

 

 

2

6

22 3.75

2 9.43 18.9

32 2.55 3.75 0.746 11.6
16

11.6

7.50

2 0.322 0.644

2 0.444 0.888

7.50

1.58

1.24

g

x

x

y

y

w

A

I

r

I

r

J

C

 

 



     
 

 

 

 

4

4

4

 in.  

 

 in.    

 in. 

 in

    

 in.

   

 in.

 

 

in.

.

0.646

2.51 in.o

H

r





0.746 in.
x

y

3/8 in.
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Example 5

• For a singly symmetric compression 
member we will see that the applicable 
limit states are flexural-torsional buckling 
about the axis of symmetry, y-axis,  and 
flexural buckling about the other axis, x-
axis.

97

x

y

Example 5

• Since the double angle compression 
member is a built-up member, 
– if the buckling mode involves relative deformation that 

produces shear forces in the connectors between 
individual shapes, the modified slenderness ratio as a 
function of connector spacing must be determined 
according to Section E6. 

– If the buckling mode does not involve relative 
deformation, the slenderness ratio using the actual 
effective length and radius of gyration is used.

98
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Example 5

• For the x-axis (no connector shear)

– The slenderness ratio is

– and the elastic buckling stress is

99

 10 12
75.9

1.58
c

x

L

r
 

 
 

22

2 2

29,000
49.7

75.9
ex

c

x

E
F

L

r


  
 
 
 

 ksi (E3-4)

Example 5

• For the y-axis (connectors in shear)

– Buckling produces shear forces in the 
connectors between individual shapes.

– For our example, place pretensioned
connectors at the 1/3 points of the column

100

40.0 in.a 
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Example 5

• For the y-axis (connectors in shear)

– As a single unit

– Between connectors

– Thus,

101

 10 12
96.8

1.24
c

y o

L

r

 
   

 

40
62.3 40

0.642i z

a a

r r
   

 
 

222
2 0.5 40

96.8 102
0.642

c c i

o
m o i

L L K a

r r r

     
         

       
E6-2b

Example 5

• For the y-axis (connectors in shear)

– With the slenderness ratio

– the elastic buckling stress is

102

102c c

my

L L

r r

 
  
 

 
 

22

2 2

29,000
27.5

102
ey

c

y

E
F

L

r


  
 
  
 

 ksi
(E3-4)
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Example 5

• E4. Torsional and Flexural-torsional 
Buckling

– E4.(b) for singly symmetric members twisting 
about the shear center where y is the axis of 
symmetry

103

 
2

4
1 1

2

ey ez ey ez

e

ey ez

F F F F H
F

H F F

           
 

(E4-3)

If x is the axis of symmetry replace Fey by Fex

3.104

Example 5

• For torsional buckling

(E4-7)
2

2 2

1w
ez

cz g o

EC
F GJ

L A r

 
  
 

 

  
 

 

 

2

2 2

0.888 1
11, 200 0.644

7.50 2.5112 10

1
17.5 7213 153 ksi

47.3

ez

E
F

 
  
 
 

  
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3.105

Example 5

• For flexural-torsional buckling

(E4-3)

 
2

4
1 1

2

ey ez ey ez

e

ey ez

F F F F H
F

H F F

           
 

 
   
 

2

4 27.5 153 0.64627.5 153
1 1

2 0.646 27.5 153

25.7 ksi

eF
  
          



This is less than Fey, thus flexural-torsional buckling will control.

Example 5

• Determine the critical stress

• Therefore use Eq. E3-2

3.106

   
36

25.70.658 36 20.0 ksicrF  

36.0
1.40 2.25

25.7

y

e

F

F
  

This is the “other way” to 
determine which equation to 
use in determining Fcr.
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3.107

Example 5

• The nominal strength is then,

• The available strength is
For LRFD

For ASD

 20.0 7.50 150 kipsn cr gP F A  

 0.9 150 135 kipsnPf  

150
89.8

1.67
 kipsnP

 
W

3.108

Example 5

136

90.2

n

n

P

P

f 


W

 kips

 kips

Note 2 intermediate 
connectors required.

If back-to-back spacing is 
greater than 3/8 in., the table 
values are conservative.
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3.109

x-axis strength is independent 
of intermediate connectors

y-axis strength includes 
flexural-torsional buckling 
strength

179

119

n

n

P

P

f 


W

 kips

 kips

136

90.2

n

n

P

P

f 


W

 kips

 kips

Example 5

3.110

Summary

• Looked at the limit states for compression 
members

• Addressed flexural buckling

• Considered design of compression members

• Treated members with slender elements

• Discussed torsional and flexural-torsional 
buckling

• Treated the special case of single angles

• Addressed built-up members 
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3.111

Lesson 4

• The next lesson will look at the principles 
of design for flexural members, including 
shear

• We will look at the material in Chapters F 
and G of the Specification and Part 3 of 
the Manual

3.112

Thank You

American Institute of Steel Construction
130 East Randolph St., Suite 2000

Chicago, IL 60601



3.57

AISC Night School
February 11, 2020

Basic Steel Design
Session 3: Compression Members

© Copyright 2020
American Institute of Steel Construction

• You will receive an email on how to report attendance 
from: registration@aisc.org.

• Be on the lookout:  Check your spam filter!  Check your 
junk folder!

• Completely fill out online form.  Don’t forget to check 
the boxes next to each attendee’s name!

Individual Session Registrants

PDH Certificates

• Reporting site (URL will be provided in the 
forthcoming email).

• Username:  Same as AISC website username.

• Password:  Same as AISC website password.

Individual Session Registrants

PDH Certificates
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One certificate will be issued at the conclusion of all 8 
sessions.

8-Session Registrants

PDH Certificates

Information for accessing the quiz will be emailed to you by Thursday.  It will 
contain a link to access the quiz.  EMAIL COMES FROM 
NIGHTSCHOOL@AISC.ORG.

8-Session Registrants

Access to the quiz

Posted Thursday mornings.  www.aisc.org/nightschool -- Click on Current Course 
Details.

Quiz and attendance records

• EEU – You must take all quizzes and the final exam to receive EEU.
• PDHs – If you watch a recorded session, you must pass quiz for PDHs.
• REINFORCEMENT – Reinforce what you learn tonight.  Get more out of the 

course.

Reasons for quiz

Note:  If you attend the live presentation, you do not have 
to take the quizzes to receive PDHs
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Information for accessing the recording will be emailed to you by Thursday.  The 
recording will be available for four weeks.  (For 8-session registrants only.)   
EMAIL COMES FROM NIGHTSCHOOL@AISC.ORG.

8-Session Registrants

Access to the recording

If you watch a recorded session, you must take and pass the quiz for PDHs.

PDHs via recording

8-Session Registrants

Night School Resources

Find all your handouts, quizzes and quiz scores, recording 
access, and attendance information all in one place!
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Go to www.aisc.org and sign in.

Night School Resources for 8-session 
package Registrants
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AISC | Thank you

Please fill out our brief survey at the conclusion of 
the webinar. We greatly appreciate your feedback.


