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Thank you for joining our live webinar today.
We will begin shortly.  Please standby.

Thank you.

Need Help? 
Call ReadyTalk Support: 800.843.9166

Today’s audio will be broadcast through the internet.

Alternatively, to hear the audio through the phone, dial 
888-504-7949. Passcode: 660099.
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Today’s live webinar will begin shortly.  
Please standby.
As a reminder, all lines have been muted.  Please type any 
questions or comments through the Chat feature on the left 
portion of your screen.

Today’s audio will be broadcast through the internet.
Alternatively, to hear the audio through the phone, dial 
888-504-7949. Passcode: 660099.

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.
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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 2017

July 31, 2017– Fundamental Concepts of Bracing Compression 
and Flexural Members

This lecture will focus on the fundamental behavior related to 
bracing of compression and flexural members. The dual criteria of 
stiffness and strength will be covered. The effects of 
imperfections on brace forces will be addressed, along with the 
impact of connection flexibility and cross-sectional distortion on 
the effectiveness of the bracing. An overview of the different 
classifications of bracing including relative, nodal, continuous, and 
lean-on bracing will be provided.

Course Description
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• Identify various categories of bracing.
• Describe the fundamental requirements of bracing 

systems.
• Identify the differences between relative and  nodal 

bracing for columns.
• Describe lean-on bracing systems for columns.

Learning Objectives

Fundamentals of Stability for Steel Design
Session 7: Fundamental Concepts of Bracing 
Compression and Flexural Members
July 31, 2017

Presented by 
Todd A. Helwig, Ph.D., P.E.
University of Texas at Austin
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Fundamentals of 
Stability for
Steel Design

Session 7
Fundamental Concepts of 
Bracing Compression and 
Flexural Members

Todd A. Helwig, P.E., Ph.D.

9

Bracing Fundamentals
Categories of Bracing

Fundamental Requirements of Bracing Systems

Relative and Nodal Bracing Systems for Columns

Lean-on Bracing Systems for Columns

Torsional Buckling of Columns Braced on one 
Flange

10
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Bracing Behavior – Column Bracing
Tonight’s lecture focuses on the fundamental 
behavior of bracing systems.

The lecture will focus on behavior and applications 
to column bracing.

Next weeks lecture will focus on beam bracing 
behavior and applications.

11

12
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TYPES OF BRACING
Comp.
flange

a) relative

brace

cross
frames

b) discrete/nodal

c) continuous d) lean-on

diaphragms

metal 
deck

girder

column

siding fastened to 
columns A B

A B

14
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βΔ L > PΔ no sidesway

βL = Pcr

βΔ L < PΔ sidesway

Equilibrium in 
displaced position:

PΔ − (βΔ)L = 0

PΔ = (βΔ)L 

P

F = βΔ

Δ

P

L

P

P

β (k/in)

Displace the Structure

16
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L

P

ΔβΔ

Δ

β

ΔT=Δo + Δ

Equilibrium:

PΔT=(βΔ)L = βL(ΔT−Δο)

Recall the ideal 
stiffness βi = PE/L:

Axial Load 
Applied

No Axial 
Load

REAL  COLUMNS  - Brace  Stiffness

Δo

L
P
o

T

β−

Δ=Δ
1
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REAL  COLUMNS  - Brace  Strength
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For Δo=0.002L:
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(Use at least twice the ideal stiffness)

22

Appendix 6 Relative Bracing Provisions
Page 16.1-228
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24
Stiffness Often Controls the Stability Bracing Requirements
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Strength versus Stiffness

• Consider two 0.5 in. diameter cables with lengths 
of 20 ft. and 100 ft.  

• How does the tensile strength vary?  (Py = φAsFy).  
• How does the axial stiffness of these two rods 

compare?  βaxial = AE/L
• The 20 ft. long rod will be 5 times stiffer.  

25

Watch out for long flexible braces.  

26
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Load Path for Brace Forces For Multistory Systems
3-Stories with L = 120 inches

P P

I

I

I

C

Col. 1 Col. 2
x

1.60 k

x

I/3

2I/3

I

P
3

P
3

P
3

P
3

P
3

P
3

Col. 1 Col. 2

All brace 
forces are in 
the lateral (x) 
direction

I = 10 in4

L=120 in.
Δo = L/500
P=198.8 kips
β=2βi1.60 k

1.60 k

0.53 k

1.07 k

1.60 k

Frame 1 Frame 2

L

Ty
pi

ca
l

28

βsystem will be less than or equal to the smallest of 
either βbrace or βconnection
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Note: This is just an academic example demonstrating the impact 
of connection flexibility.  Proper detailing can avoid such a 
calculation during design.  

30
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31

32
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33

Fixture For Inclined Braces

34
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35

DISCRETE (NODAL) BRACING

36



19

AISC Night School
July 31, 2017

Fundamentals of Stability
Session 7: Fundamental Concepts of Bracing

Copyright © 2017
American Institute of Steel Construction

37

38

AISC Appendix 6 Uses Pbr = 0.01 Pr
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Depending on the number of intermediate braces, the ideal 
stiffness (βi) for a nodal bracing system is somewhere between 
2P/L and 4P/L.  

Nodal Bracing – Ideal Stiffness

Timoshenko provided the exact ideal stiffness for a column 
restrained by intermediate braces: ௜ߚ = ܮܲߙ

# of 
braces, n 1 2 3 Lots

α

௜ܰ = 4 − 2݊ 2 3 3.41 4

2 3 3.33 4

3.62

4

3.5

௜ߚ = ௜ܰܲܮApproximation: 
The Appendix 6 Provisions Assume 
“lots” of braces.  The Ni expression is 
in Commentary

40
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Page 16.1-229
41

42

Appendix 6 Nodal Bracing Provisions (Columns)
Page 16.1-228

Page 16.1-229
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COLUMN NODAL BRACING EXAMPLE

Pu = 150 kips

L = 7.5′ typ.

X X

brace

Consider the 30 ft. long WT7x34 
that is braced by three 12 ft. long 
cross members spaced along the 
length.  Buckling about the X-X 
axis controls.  Size the members to 
provide adequate bracing.  
Brace Fy = 36 ksi

The cross members will brace the column 
about the X-X axis based upon their 
bending stiffness:

Δ

F

∆= ߚܫܧ௕௥ଷ48ܮܨ = ∆ܨ = ௕௥ଷ6′ܮܫܧ48

6′

6′

44

COLUMN NODAL BRACING EXAMPLE

Pu = 150 kips

L = 7.5′ typ.

X X

brace

Recall that we do not need to use a larger 
brace spacing than is actually needed to 
carry the 150 kip load.  

From Column Load Tables on Pg. 4-113 (see next 
slide): To possess a load capacity larger than 150 
kips, we need an unbraced length of 
approximately 18 ft.  

6′
6′

௥௘௤ᇲௗߚ = 3.33ݔ2 1500.75 18 ݔ 12 = 6.1 ݇/݅݊With n=3 intermediate braces: Ni = 4-2/n = 3.33
Stiffness:
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45

AISC Manual – Page 4-113

46

ADJUSTMENT FOR EXTRA BRACES

Pu = 150 kips

L = 7.5′ typ.

௕௥ߚ = ௕௥ଷܮܫܧ48 = 48 29000 12	ݔ	12ܫ ଷ ≥ 6.1 ݇݅݊ = ௕௥ܫ௥௘௤ᇲௗߚ ≥ 13.1	݅݊ସ
6′

6′

௕௥ܨ = ݇	150ݔ0.01 = 1.5	݇
Fbr

௕௥ܯ = 1.5݇ 124ݔ12 = 54	݇ − ݅݊

Stiffness:

Strength:

ܵ௕௥ = 54	݇ − ݅ݏ݇	36	ݔ	0.9݊݅ = 1.7	݅݊ଷ
௫ܫ	:6.2ݔ8ܯ	݁ݏܷ = 17.6 ݅݊ସ > 13.1݅݊ସ, ܵ௫ = 4.39 ݅݊ଷ > 1.7݅݊ଷ

( Note: Ibr = 31.7 in4 if Lbr = 7.5’) 

6′ 6′



24

AISC Night School
July 31, 2017

Fundamentals of Stability
Session 7: Fundamental Concepts of Bracing

Copyright © 2017
American Institute of Steel Construction

Knowledge Check

Select the answer from the list below that best 
answers the question:
The most important quality for effective stability 
bracing is:
A) Stiffness
B) Strength
C) Both A) and B)
D) Either A) or B)

47

48

Video demonstrating 
brace stiffness and 

strength 
requirements
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P1 P2

50

ΣP Concept - Elastic
A)FOR SWAY BUCKLING OF A STORY

B) EACH COLUMN MUST SUPPORT ITS OWN COLUMN 
LOAD IN THE NO-SWAY MODE (ie. with K=1.0)

Σܲ															 ≤ 			Σ ௖ܲ௥Story Column
Loads

i

P1 P2 P1 P2

Case A Case B
(sway case) (no-sway case)

Sway buckling 
load of columns 
using Sway K

ଵܲ + ଶܲ ≤ ௖ܲ௥ଵ + ௖ܲ௥ଶ
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Lean-On Bracing Example

51

A B

PB = 140 k
Consider the two columns that are linked 
together at midheight by the pin-ended strut. 

Column B has an applied load P=140 k, while 
Column A is unloaded.

L

L = 180 in.
IB = 50 in4

How large of a moment of inertia (IA) is 
required for Column A to have a safe 
system?  

Lean-On Bracing Example

52

A B

PB = 440 k

First, make sure that Column B will not 
buckle between the brace points (ie. the 
link member).  L

L = 180 in. ; IB = 50 in4

௖ܲ௥	ି	௄௅ୀଵ଼଴" = ଶߨ	 29000 50	180 ଶ
௖ܲ௥	ି	௄௅ୀଵ଼଴" = ݏ݌݅݇	442	 > ݏ݌݅݇	440

OK

Column B:
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Lean-On Bracing Example

53

A B

PB = 440 k
With no bracing, Column B contributes the 
Euler Load with  a length of 2L = 360 in.  

L 2L = 360 in. ; IB = 50 in4

௖ܲ௥	஻	ି	௄௅ୀଷ଺଴" = ଶߨ	 29000 50	360 ଶ
௖ܲ௥	஻	ି	௄௅ୀଷ଺଴" = ݏ݌݅݇	110 < ݏ݌݅݇	440

With no help from Column A, we would have to increase the 
moment of inertia of Column B to 200 in4 to support the 440 kip load

Lean-On Bracing Example

54

A B

PB = 440 k
However, because of the strut, both 
columns A and B will displace as shown and 
we can use the summation of P concept:

L

Note: The total moment of inertia is 150 in4 + 50 in4 = 200 in4

which is the same moment of inertia we would have had to 
increase Column B with no bracing from Column A.  

෍ ௖ܲ௥ = ௖ܲ௥	஺ + ௖ܲ௥	஻ ≥ 0݇ + 440݇ = 	෍ܲ
෍ ௖ܲ௥ = ଶߨ 29000 180ݔ஺2ܫ ଶ + ଶߨ 29000 180ݔ502 ଶ ≥ ஺ܫ440݇ ≥ 150	݅݊ସ
Exact solution is 165 in4 – treating as nodal brace
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56

Again, the load corresponding to column A buckling in 4 waves as 
shown on the right is 16 times the load for Column A buckling in 
the half-sine curve on the left.  Therefore we could simply provide 
16IA – or make IB=15IA for a total moment of inertial of 16IA. 
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W12x53
Consider the two columns with orientations and factored loads 
shown (LRFD).  Is the W12x40 capable of bracing the W12x53? 
Check the combined contribution of the two columns depicted 
in red (KL = 24 ft.). 

From the AISC Manual – Page 4-20: (W12x53) 
φ Pn = 629 k for L = 8 ft – “Link” spacing is adequate for W12x53

8′

8′

8′

KL = 24 ft.

W
12

x4
0

B A

600 k80 k

Col A: With a 24’ unbraced length about weak axis:

ΣPcr = 261k + 420k = 681k > 680k = 80k+600k =ΣP OK

LEAN-ON SYSTEM EXAMPLE (Use Column Load Tables)

Find the contribution of both columns for mode sketched in red.  

W12x53: φ Pn = 261 k for L = 24 ft

Col B: With a 24’ unbraced length about strong axis (rx/ry = 2.64):

KLeqv = 24’/2.64 = 9’  - φ Pn = 420 k

Make sure Col. B won’t buckle between brace points (sketched in 
green):

Both columns contribute Pcr based upon a 24 ft. unbraced length:

Yes, the W12x40 can brace the W12x53

LRFD Example – Factored Loads, Fy = 50 ksi

58

Column Load Tables (Page 4-20)

Properties at 
bottom of 
table give 
rx/ry = 2.64
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59

Torsional Buckling of Columns

A)Columns braced at centroid

B) Columns braced on one flange 
(constrained axis buckling)

60

POTENTIAL BUCKLING MODES
A

A Section A-A

1) Flexural Buckling

B

B Section B-B
2) Torsional Buckling
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61

Page 16.1-33

Page 16.1-34

AISC Provisions for Torsional Buckling

62
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்ܲ = ்ܮ௬ܫܧଶߨ ଶ ℎଶ4 + ௫ݎܬܩ ଶ + ௬ݎ ଶ
LT = spacing between points where twist is restrained
E = modulus of elasticity of column material
Iy = weak-axis moment of inertia
J = torsional constant
G = shear modulus
rx,y = radius of gyration about x or y axis

o

ho = distance between flange centroids

Elastic Torsional Buckling Expression

=
τπ2

y
ey 2

T

EI
P 0.877

L
Type	equation	here.௘ܲ௬ = ଶTܮ௬ܫܧଶߨ



33

AISC Night School
July 31, 2017

Fundamentals of Stability
Session 7: Fundamental Concepts of Bracing

Copyright © 2017
American Institute of Steel Construction

65

(Twist About Centroid)

(L = 20 ft. )

66

Buckling Modes to Consider
P

LT = 15’, Offset = a = d/2+4”/2

߶ ௡ܲ௫ = 335݇߶ ௡ܲ௬ = 600݇߶ ௡்ܲ = 85݇
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68
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Provide Bottom 
Chord Extensions to 
Restrain Twist

Knowledge Check

Torsional buckling can control the capacity of a 
column over weak axis flexural buckling when 
the unbraced length for torsional buckling is 
greater than the unbraced length for flexural 
buckling.
A) True
B) False

70
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Summary
• There are 4 different categories of bracing: 

relative, nodal, continuous, and lean-on.
• Bracing must satisfy both stiffness and 

strength requirements.  
• Brace strength requirements are a direct 

function of the magnitude of the 
imperfection.  

• Correction (Lq) for problems when more nodal 
braces are provided than necessary.

71

Summary
• Lean-on bracing concepts can offer an efficient 

method of stabilizing a column without adding 
specific bracing to the structure.  

• Torsional buckling (twisting about the centroid) 
may control the design when the unbraced length 
for torsional buckling exceeds that for flexural 
buckling.  

• Constrained axis buckling can result in lower 
buckling capacities relative to twisting about the 
shear center and should be considered when 
columns (or truss chords) are braced on one 
flange.  

72
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Up Next…
Session 8: August 7, 2017
Design of Bracing for Beams by J. Yura, PE, PhD
This lecture will emphasize the design requirements 
for beam systems. Several design examples will be 
provided that demonstrate the effective use of the 
AISC Specification Appendix 6 provisions. These 
examples will include relative, nodal, and lean-on 
applications. The uses of the provisions covered in 
the specification appendix as well as modifications 
covered in the specification commentary will be 
addressed.

73



38

AISC Night School
July 31, 2017

Fundamentals of Stability
Session 7: Fundamental Concepts of Bracing

Copyright © 2017
American Institute of Steel Construction



39

AISC Night School
July 31, 2017

Fundamentals of Stability
Session 7: Fundamental Concepts of Bracing

Copyright © 2017
American Institute of Steel Construction



40

AISC Night School
July 31, 2017

Fundamentals of Stability
Session 7: Fundamental Concepts of Bracing

Copyright © 2017
American Institute of Steel Construction



41

AISC Night School
July 31, 2017

Fundamentals of Stability
Session 7: Fundamental Concepts of Bracing

Copyright © 2017
American Institute of Steel Construction

Go to www.aisc.org and sign in.

Night School Resources for 8-session 
package Registrants

Go to www.aisc.org and sign in.

Night School Resources for 8-session 
package Registrants
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