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AISC Live Webinars
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 888 888 
722 1094722 1094..

International callers, dial 00+1 212 231 2903.  
For additional support, please press *0 and you will be 
connected to a live operator.
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FIVE USEFUL STABILITY CONCEPTS

Joseph A. Yura
University of Texas at Austin
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loss of stiffness as the buckling load is approached

inelastic column behavior
ΣP for system buckling
importance of end connection details in built-up 
columns
stiffness and strength required for braces

FIVE STABILITY CONCEPTS
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RESPONSE  OF AN IMPERFECT COLUMN 
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Quebec Bridge, 1907

12
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Marcy Pedestrian Bridge, 2002

Span 170 ft
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EFFECT OF COLUMN LOAD ON FRAME MOMENTS

P = 0.5 Pe

P = 0

P = 1.0 Pe

P = 1.1 Pe

1.42 Mo

1.11 Mo



Five Useful Stablility Concepts AISC Live Webinar
October 26, 2011

Copyright       2011 
by The American Institute of Steel Construction 9

17

loss of stiffness as the buckling load is approached

inelastic column behavior
ΣP for system buckling
importance of end connection details in built-up 
columns
stiffness and strength required for braces

FIVE STABILITY CONCEPTS
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STRENGTH OF AN IMPERFECT COLUMN
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YIELD LIMIT FOR AN OUT-OF-STRAIGHT COLUMN
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EFFECT OF RESIDUAL STRESS
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EFFECT OF RESIDUAL STRESS
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cross section Bcross section A

COLUMN TESTS WERE CONDUCTED  WITH EACH OF THE 
CROSS SECTIONS SHOWN. FOR A COLUMN LENGTH OF 9.5 IN., 
THE BUCKLING LOAD WAS THE SAME EVEN THOUGH SECTION 
A IS 38% LARGER THAN SECTION B.  AT L = 19 IN. THE 

BUCKLING LOAD FOR COLUMN A WAS 40% HIGHER THAN B.

24

Any yielded portion of a steel column contributes nothing
to the buckling strength of that member even though the 
entire cross section supports the load
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STIFFNESS REDUCTION FACTOR, τ
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1030 k What column size is required?

Try a W12x120 (Fy = 50 ksi) : A = 35.3 in2

Iy = 345 in4

( )  
 
 

τ 0.584
 = -6.97 0.584 log  =0.764

0.9

φ = =n 2

345
P 226000 0.764 1034 k

(20 12)×
(1030 in tables)

u
2

y

P 1030
= =0.584 > 0.35(inelastic)

P (35.3in 50ksi)×
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loss of stiffness as the buckling load is approached

inelastic column behavior

ΣP for system buckling
importance of end connection details in built-up 
columns
stiffness and strength required for braces

FIVE STABILITY CONCEPTS
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ΣP CONCEPT

FOR SWAY BUCKLING OF A STORY:

icr
Loads
ColumnStory PP Σ≤Σ

Sway Buckling Load of each 
column using Alignment 
Chart K-Factor

EACH COLUMN MUST SUPPORT ITS 
OWN LOAD IN THE NO-SWAY MODE (ie. 
WITH K=1.0)
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AISC-LRFD Spec., Fy = 50 ksi, factored loads
Is the W12×26 capable of bracing the W12×40 ?

LEAN-ON SYSTEM EXAMPLE

70 k 439 k

From the AISC Manual, φ Pn = 439 k for L = 8 ft
ΣP concept: W12×40, A = 11.7 in2, Iy = 44.1 in.2

W12×26, A = 7.65 in2, Ix = 204 in.2

Col A: PA/FyA = 439/(50x11.7) = 0.75>0.35 ∴inelastic

τ = -6.97(0.750)log(1.111x0.750)=0.414

φPA = 0.414 (226000) 44.1 / 2882 = 49.7 k

Col B: PB/FyA = 70/(50x7.65) = 0.183<0.35 ∴ τ = 1.0

φPB = 1.0 (226000) 204 / 2882 = 556 k

ΣPcr = 50 + 556 = 606 > ΣP = 439 + 70 = 509 k  OK
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The “capacity” of an individual column in an 
unbraced frame determined from an alignment chart 
K-factor should be viewed only as a contribution to 
the story buckling stiffness, not as a load limit on 
that particular column.

38
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loss of stiffness as the buckling load is approached

inelastic column behavior
ΣP for system buckling

importance of end connection details in built-
up columns
stiffness and strength required for braces

FIVE STABILITY CONCEPTS
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EFFECT OF SLIP ON BUILT-UP COLUMNS

Consider Three Cases:
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DESIGN OF BUILT-UP COLUMNS

44

2L 5 x 3 x ¼ LLBB

Fy = 36 ksi L = 150 in. 
3/8 in. separation
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COMPRESSION MEMBERS - LRFD

(a) For intermediate connectors that are snug-tight bolted 
the modified column slenderness of the built-up 
member is:

(b) For intermediate connectors that are welded or fully 
tensioned bolted the modified column slenderness of 
the built-up member is : 

  = + −   
    
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48

loss of stiffness as the buckling load is approached

inelastic column behavior
ΣP for system buckling
importance of end connection details in built-up 
columns

stiffness and strength required for braces

FIVE STABILITY CONCEPTS
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2

BRACING   FUNDAMENTALS

50
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S I M P L E     R U L E

USE BRACE SYSTEM STIFFNESS AT LEAST TWICE THE 
IDEAL VALUE

BRACE FORCE IS DIRECTLY RELATED TO THE 
MAGNITUDE OF THE INITIAL OUT-OF-STRAIGHTNESS 

DESIGN THE BRACE AND ITS CONNECTIONS FOR 1% 
OF THE COMPRESSIVE FORCE (Δ1 = 0.002L) 

52
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SUMMARY

loss of stiffness as the buckling load is approached

inelastic column behavior
ΣP for system buckling
importance of end connection details in built-up 
columns
stiffness and strength required for braces

REMAIN STABLE

Within 1 business day…

• You will receive an email on how to report attendance from: 
steel@wyndhamjade.com.

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

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

• OR…

CEU/PDH Certificates
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Access available in 24 hours…

• Go to: 

http://www.wynjade.com/aiscfall11/webinarCEU.
Username: Your Web ID (found on your registration receipt)
Password: Your Last Name

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

• Questions?  Please email us at webinars@aisc.org.

CEU/PDH Certificates

Fall Schedule has started!

22 cities, 4 different seminars including

The NEW 14th Edition Manual/2010 Specification Seminar 

www.aisc.org/seminars

AISC Seminars
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December 8, 2011: New Composite Design 
Provisions

www.aisc.org/webinars

AISC Live Webinars

Over 80 hours of presentations available anytime, 
online.

CEUs/PDHs are available.

www.aisc.org/elearning

AISC eLearning
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Please give us your feedback!

www.aisc.org/cesurvey

Thank You!


