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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

There's always a solution in steel.

structural

STEEL

AISC Live Webinars

Today’s audio will be broadcast through the internet.

Alternatively, to hear the audio through the phone, dial 888
722 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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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

888 722 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

FIVE STABILITY CONCEPTS

o loss of stiffness as the buckling load is approached
o inelastic column behavior
o 2P for system buckling

o 1importance of end connection details in built-up
columns

o stiffness and strength required for braces
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RESPONSE OF AN IMPERFECT COLUMN
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The Phoenix Co.'s Bridge immediately before the collapse, August 29th, 1907

Wreckage of old bridge, August 29th, 1907
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EFFECT OF COLUMN STIFFNESS ON FRAME MOMENTS

14
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EFFECT OF COLUMN STIFFNESS ON FRAME MOMENTS

EFFECT OF COLUMN LOAD ON FRAME MOMENTS

P=05P,
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FIVE STABILITY CONCEPTS

o loss of stiffness as the buckling load is approached

@ 1nelastic column behavior
o 2P for system buckling

e importance of end connection details in built-up
columns

e stiffness and strength required for braces
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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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Wide Flange
Cross Section

Residual

Stress

EFFECT OF RESIDUAL STRESS
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EFFECT OF RESIDUAL STRESS

Total Stress
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Stress
Elastic core —

Flange tips at yield—

stress of material
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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 1S 38% LARGER THAN SECTION B. AT L =19 IN. THE
BUCKLING LOAD FOR COLUMN A WAS 40% HIGHER THAN B.

cross section A cross section B

23

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

24
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COLUMNS IN THE INELASTIC RANGE
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CURRENT LRFD METHOD
0P = 0.90F, A

7°El
KL/r)?

where F, =0.877F, = 0.877[ } when F, <0.44F,
(

and
F

F, = 0.658(FZJF

. when F, > 0.44F,

27

LRFD EQUIVALENT METHOD

2
0P, =0.90(0.877) L =L 1 = 226000
(KL) (KL)

T

T=1.0 for 330.35
Py

and T= -6.97(3}09[ P j if E> 0.35

P, 0.9P, P,

P,=F,A
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0.584

345

ALTERNATIVE COLUMN DESIGN

— 4
l, =345 in

=0.584 > 0.35(inelastic)

1030 k \L What column size is required?
T Ty awizxio (F,=50ksi): A=353in2
L =20
P, _ 1030
P, (35.3in°x50ksi)
o

= -6.97(0.584)I09(Wj =0.764

0P, =226000-————-0.764 = 1034 k
(20x12)
(1030 in tables)

o 1nelastic column behavior

@ XP for system buckling

columns

FIVE STABILITY CONCEPTS

o loss of stiffness as the buckling load is approached

o 1mportance of end connection details in built-up

o stiffness and strength required for braces
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EXACT BUCKLING SOLUTIONS
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2P CONCEPT
@ FOR SWAY BUCKLING OF A STORY:

z"PSl‘ory Column < Z"Pcrz'
Loads /
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) H

32
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H T

sway mode

LEAN-ON SYSTEM EXAMPLE

W12%40 AISC-LRFD Spec., F, = 30 ksi, factored loads
Is the W12x26 capable of bracing the W12x40 ?

70 k 439 k
}\2 SL From the AISC Manual, ¢ P, =439 k for L = 8 ft
- ZP concept: W12x40, A =11.7 in?, |, = 44.1in.2
8’ W12x26, A =7.65in? |, = 204 in.?
% é, Col A: P,/F A = 439/(50x11.7) = 0.75>0.35 ...inelastic
§ y 1 =-6.97(0.750)log(1.111x0.750)=0.414
g P, = 0.414 (226000) 44.1 / 2882 =49.7 k

84 | 2 A Col B: Py/F,A = 70/(50x7.65) = 0.183<0.35 . t= 1.0
0Pg = 1.0 (226000) 204 / 2882 = 556 k

2P, =50+ 556 =606 >XP =439 + 70 =509 k OK3s

INELASTIC STORY STIFFNESS
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The “capacity” of an individual column in an

K-factor should be viewed only as a contribution to
the story buckling stiffness, not as a load limit on
that particular column.

unbraced frame determined from an alignment chart
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FIVE STABILITY CONCEPTS

e 1nelastic column behavior

o P for system buckling

e stiffness and strength required for braces

o loss of stiffness as the buckling load is approached

@ 1mportance of end connection details in built-
up columns

39
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EFFECT OF SLIP ON BUILT-UP COLUMNS
Consider Three Cases:

CASE A: No
Connectors

K=1.0

P, _7’E(ybd?)
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EFFECT OF SLIP ON BUILT-UP COLUMNS

Consider Three Cases:

_ P/2 P/2 P
CASE A: No CASE B: Fully
Connectors Connected
L@ |[@ Ol @)
K=1.0 K=1.0
e [e2 P
P, _ 7’E (ibd*) 7%E (1b (2d)°)
2 B L2 Pcr = L2
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cr T 62 or — EL—Z 41

EFFECT OF SLIP ON BUILT-UP COLUMNS
Consider Three Cases:

P2 P/2 P
dd ld CASE C:
CASE A: No CASE B: Fully Connectors at
Connectors Connected Ends Only
L@ ||®@ Dl | 1@ O\\\&
K=1.0 K=1.0 K=0.5
v v >
P/2 P/2 P T P
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DESIGN OF BUILT-UP COLUMNS

43

2L5x3x% LLBB
F,=36ksi L=150in.
3/4 in. separation

44
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TEST RESULTS End Conn. - Inter.Conn.
60 . Tight - Snug

50

. Tight - Snug,Washers
. Tight,Lubed - Snug
401 |:| Snug - Snug
|:| Snug - Snug, Washers
30+
=— | RFD
20+
10
0 il
0 1 2 5

Number of Intermediate Bolts

Load (kips)

COMPRESSION MEMBERS - LRFD

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

(B

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

(gjm - \/(?I +0.82 t :;2) [%}2 (E6 - 2)

46
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FIVE STABILITY CONCEPTS

o loss of stiffness as the buckling load is approached
o inelastic column behavior
o XP for system buckling

o importance of end connection details in built-up
columns

o stiffness and strength required for braces
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BRACING FUNDAMENTALS
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full bracing Q
P P
cr
N D Lji
P, 5 _WEl g
4 e LZ ,T\
4
e 49

IMPERFECT COLUMN BRACE FORCES (WINTER)

R, (%of B,)
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SIMPLE RULE

@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 (A, =0.002L)

51
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SUMMARY

loss of stiffness as the buckling load 1s approached

@ 1inelastic column behavior

2P for system buckling

e importance of end connection details in built-up
columns

o stiffness and strength required for braces

REMAIN STABLE
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CEU/PDH Certificates

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...
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CEU/PDH Certificates

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.

AISC Seminars

Fall Schedule has started!
22 cities, 4 different seminars including
The NEW 14th Edition Manual/2010 Specification Seminar

www.aisc.org/seminars
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AISC Live Webinars

December 8, 2011: New Composite Design

Provisions

www.aisc.org/webinars

AISC elLearning

Over 80 hours of presentations available anytime,

online.

CEUs/PDHs are available.

www.aisc.org/elearning
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Please give us your feedback!
www.aisc.org/cesurvey

Thank You!
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