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

Modern Methods for Learning the Basics of 
Structural Stability:  From Behavior to Practice

Session 8:  Behavior of Structural Systems – Practical Considerations

December 8, 2020

AISC Live Webinars

Today’s live webinar will begin shortly.  Please stand by.

Today’s audio will be broadcast through the internet.  Please be sure to turn up 
the volume on your speakers.

Please type any questions or comments through the chat feature in the left 
portion of your screen.
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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.

AISC Live Webinars

AIA Credit

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

The information presented herein is based on recognized engineering principles and is 
for general information only.  While it is believed to be accurate, this information should 
not be applied to any specific application without competent professional examination 
and verification by a licensed professional engineer.  Anyone making use of this 
information assumes all liability arising from such use.
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Behavior of Structural Systems – Practical Considerations
December 8, 2020

In this session, the speakers will review the general design for stability requirements
provided in the AISC Specification. They will discuss the results of the learning module
on systems, developing each of the three case studies for a portal frame. They will close
out the course with some discussion of how the industry has evolved in its treatment of
stability and what the future holds.

AISC Live Webinars

Course Description

• Explain how the AISC requirements for stability design are met by the direct 
analysis method.

• List the analysis methods that are provided in the AISC Specification to 
address stability design.

• Compare the results of an analysis that accounts system geometric 
imperfections through direct modeling to one that uses notional loads.

• Describe the concept of inelastic design and explain why it may be used more 
frequently in the future.

AISC Live Webinars

Learning Objectives
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Craig Quadrato, PE, PhD
Associate Principal
Wiss, Janney, Elstner Associates, Inc.

Modern Methods for Learning The Basics of 
Structural Stability:  From Behavior to Practice

Modern Methods for Learning The Basics of 
Structural Stability:  From Behavior to Practice

Course Introduction

Compression Members

Flexural Members 

Beam-Columns 

Systems
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Course Overview (3)

• Focus of the course is on fundamentals!
• Better understanding of behavior will result in 

improved design
• Key Definitions

– Stability: Under load, component returns to current state 
after applying a small disturbance such as a deflection

– Bifurcation (critical load): Theoretical point at which 
loading a component results in an instantaneous change 
from current state to significant deflection – two options: 
not buckled or buckled

– Instability: Loading a component results in a realistic 
transition from small deflection to significant deflection –
buckling preceded by deflection

4
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Analysis acronyms:

LBA: linear bucking analysis; elastic critical load analysis; elastic 
eigenvalue analysis; assumes bifurcation theory

LA: linear analysis; 1st-order elastic analysis; assumes equilibrium 
on the undeformed shape and linear elastic material, with no initial 
imperfections.

GNA: geometric nonlinear analysis; 2nd-order elastic analysis; 
assumes equilibrium on the deformed shape and linear elastic 
material, with no initial imperfections

GNIA: same as GNA, but includes initial imperfections

MNA: material nonlinear analysis; 1st-order inelastic analysis; 
assumes equilibrium on the undeformed shape and accounts for 
yielding, with no initial imperfections

GMNIA: geometric and material nonlinear analysis; 2nd-order 
inelastic analysis; assumes equilibrium on the deformed shape, 
accounts for yielding, and includes initial imperfections

Course Overview (5)

6
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Modern Methods for Learning The Basics of 
Structural Stability:  From Behavior to Practice

Course Introduction

Compression Members – Sessions 1 & 2

Flexural Members – Session 3 & 4

Beam-Columns – Sessions 5 & 6

Systems – Session 7 & 8

Session 8
System Behavior Lab

8
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Session Overview

• Review Direct Analysis Method

• Perform LM9

• Looking to the Future by Starting with the Past 
with Ron

9

Session 7 in AISC 360-16
General Stability Requirements 

(C1)
• Member stability must account for:

– Axial, flexural, shear, torsional, connection 
deformations

– Second order effects (P- and P-)

– Geometric imperfection 

– Stiffness reductions due to inelasticity

– Uncertainty in system, member, and connection 
strength and stiffness

Session 5
Slide 82 

&
Chapter C

10
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Direct Analysis 
Method starts 
here

Direct Analysis 
Method includes 
adjustments to get 
to here

Recall this slide from Session 7 11

Session 7 in AISC 360-16
Direct Analysis Method

Basic Requirements 
must be considered, but 
to what degree is based 
on Engineer’s judgement

Note that stiffness 
reduction and member 
strength formulas 
account for multiple 
requirements

Big 5

12
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Session 7 in AISC 360-16
Direct Analysis Method

Accomplished via Computational Analysis (GNA) 13

Session 7 in AISC 360-16
Direct Analysis Method

Accomplished via Computational Analysis (GNIA with 
imperfections modelled directly or with notional loads )

14



AISC Night School 24
December 8, 2020

Session 8:  Behavior of Structural Systems –
Practical Considerations

11

Copyright © 2020
American Institute of Steel Construction

Session 7 in AISC 360-16
Direct Analysis Method

• 0.8 factor applied to all 
stiffnesses contributing 
to structure stability

15

Session 7 in AISC 360-16
Direct Analysis Method

• 0.8 factor applied to all 
stiffnesses contributing 
to structure stability

• Additional b on flexural 
stiffness of members 
whose flexural stiffness 
contribute to stability if 
Pr/Pns>0.5 

• If Pr/Pns>0.5 additional 
0.001Yi may be used 
in lieu of b 16
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Session 7 in AISC 360-16
Direct Analysis Method

E3 shown, see E4 for torsional  and 
flexural-torsional buckling

17

Direct Analysis Method
• Stiffness reductions account for the following on structural response

• Axial, flexural, shear, torsional, connection deformations
• Second order effects (P- and P-)
• Geometric imperfection
• Inelasticity 
• Uncertainty

• Member strength formulas account for the 
following on member strength

• Member imperfections (Axial Only)
• Inelasticity 
• Uncertainty

18
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Session 7 in AISC 360-16

• Other Stability Design Methods

– Effective length (Appendix 7)

– First-order analysis (Appendix 7)

– Advanced analysis (Appendix 1)
• Elastic

• Inelastic

• Alternative analysis method: 
Approximate second-order 
analysis (Appendix 8)

19

Learning Module 9 Objectives

• Apply the Direct Analysis Method to assess 
structural system adequacy

• Use rigorous second-order analysis to determine 
beam-column required strength

• Use notional loads to simulate initial 
imperfections and stiffness reduction due to 
partial yielding

• Use interaction equations to check member 
adequacy

• Use drift ratios as indicator of system sensitivity 
to second-order effects

20
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Learning Module 9 Method

• A992 STEEL

• Beam Lb = Lc = 0

• Stiffness reduction of 0.8E

• Three studies

– Case 1: H/500 out-of-plumbness & b

– Case 2: Use Case 1 to find Qu for DCR = 1.0

– Case 3: Use notional loads instead of out-of-
plumbness and b

W12X58

W24X76

LRFD Methodology 21

Learning Module 9 Case 1 Model

22

W
1
2
X

5
8

W
1
2
X

5
8

W24X76

20’

1
2

’

100 kips 100 kips

10 kips

• H/500 out-of-plumbness directly modelled
• 0.8bE
• Qu = 100 kips (LRFD required load)

Use Direct Analysis Method
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Learning Module 9 Member 
Capacities (Pc and Mc)

• W12x58 Left Column

– Pc = Pn = 603 kips 

– Mc = Mny = 1464 kip-in 

• W12x58 Right Column

– Pc = Pn = 603 kips 

– Mc = Mny = 1464 kip-in

Note in this study  factors are included

23

Learning Module 9 Member 
Capacities (Pc and Mc)

• W24x76 Beam 

• Pc = Pn = 1008 kips 

• Mc = Mp = 9000 kip-in

Note in this study  factors are included

24
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Recall this slide from Session 7

First, let’s check how sensitive this system is to 2nd order effects 
using the Direct Analysis Method

25

Case 1 
Elastic Critical Load to Estimate B2

System is sensitive to 2nd order effects

cr = 2.87 (less than 3)
Use cr to estimate B2

B2 ≈ 1/(1-1/ cr ) = 1.53

Note: Pe story = 2 x 100 kips x 2.87 = 574 kips

26
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Case 1 
AISC B2 Calculation (Equation A-8-6)

H = 10 kips
H = 2.19 in
L = 144 in
Rm = 1 - 0.15(Pmf/Pstory) = 0.85
Pe story = Rm*HL/ H = 559 kips
Pstory = 200 kips
 = 1.0
B2 = 1/(1- Pstory / Pe story) = 1.56

H

L
 =

 1
4

4
”

100 kips 100 kips

10 kips

27

Case 1 
1st and 2nd Order Elastic Analysis

Node 3

Ratio closely approximates both previous B2 calculations

1st order = 2.19 in
2nd order = 3.33 in
2nd order/ 1st order = 1.52

28
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Case 1 
1st and 2nd Order Elastic Analysis

1st Order Elastic Analysis (LA) 2nd Order Elastic Analysis (GNA)

749.4 k-in x 1.52 = 1139 k-in 1087 k-in

Using the 2nd to 1st order drift ratio as moment amplifier gives a 
conservative estimate within 5% of the 2nd order moment

System is sensitive to 2nd order effects
29

Learning Module 9 Case 1 Model

30
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W24X76

20’

1
2

’

100 kips 100 kips

10 kips

• GNIA* Planar Analysis
• H/500 out-of-plumbness directly modelled
• 0.8E
• Et (b)
• Qu = 100 kips (LRFD required load)

*Although the Direct Analysis Method is based on 
second-order elastic analysis, MASTAN2 only provides 
access to b in its second-order inelastic analysis feature.
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Learning Module 9 Case 1
General Stability Requirement How Accomplished

Deformations GNIA via MASTAN2 

Second order effects GNIA via MASTAN2 

System imperfections on structure Directly modelled (H/500)

Member imperfections on structure 0.8E via MASTAN2

Member imperfections on member strength Pc

Stiffness reductions due to inelasticity on structure 0.8E and b via MASTAN2

Stiffness reductions due to inelasticity on member strength Pc

Uncertainty on structure 0.8E via MASTAN2

Uncertainty on member Pc

Model NS24_L8_Example_1

31

Case 1 Axial Load Effects (Pr)

• Left column Pr = 91 kip
• Right column Pr = 109 kip
• Pns = Py = 850 kip
•  = 1.0
• Pr/Pns = (1)(109)/(850) = 0.13 < 0.5

therefore b = 1.0

Model NS24_L8_Example_1 32
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Case 1 
Column Flexural Load Effects (Mr)

Model NS24_L8_Example_1

• Left column Mr = 1087 kip in
• Right column Mr = 1076 kip in

33

Case 1 
Beam Flexural Load Effects (Mr)

Note beam end Mz moments equal column My

moments

Model NS24_L8_Example_1

• Left column Mr = 1087 kip in
• Right column Mr = 1076 kip in

34
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Case 1 Interaction Values
W12x58 Left Column

91 kips

1206 kips

0.15

91 kips603 kips
1087 kip-in

1464 kip-in

0.82

35

Case 1 Interaction Values
W12x58 Right Column

109 kips

1206 kips

0.18

109 kips603 kips
1076 kip-in

1464 kip-in

0.83

36
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Case 1 Interaction Values
W24x76 Beam

4.7 kips

2016 kips

0.005

4.2 kips1008 kips
1087 kip-in

9000 kip-in

0.12

37

Learning Module 9 Method

• A992 STEEL

• Beam Lb = Lc = 0

• Stiffness reduction of 0.8E

• Three studies

– Case 1: H/500 out-of-plumbness & b

– Case 2: Use Case 1 to find Qu for DCR = 1.0

– Case 3: Use notional loads instead of out-of-
plumbness and b

W12X58

W24X76

LRFD Methodology 38
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Learning Module 9 Case 2 Take 1 
Model

W
1

2
X

5
8

W
1

2
X

5
8

W24X76

20’

1
2

’

Qu = 120 kips Qu = 120 kips

0.1 Qu = 
12 kips

• GNIA Planar Analysis
• H/500 out-of-straightness directly modelled
• 0.8E
• Et (b)
• Take 1: Qu = 100*1/0.83 = 120 kips

39

Learning Module 9 Case 2

Model NS24_L8_Example_2

General Stability Requirement How Accomplished

Deformations GNIA via MASTAN2 

Second order effects GNIA via MASTAN2 

System imperfections on structure Directly modelled (H/500)

Member imperfections on structure 0.8E via MASTAN2

Member imperfections on member strength Pc

Stiffness reductions due to inelasticity on structure 0.8E and b via MASTAN2

Stiffness reductions due to inelasticity on member strength Pc

Uncertainty on structure 0.8E via MASTAN2

Uncertainty on member Pc

40
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Case 2 Take 1 
Axial Load Effects (Pr)

• Left column Pr = 108 kip
• Right column Pr = 132 kip
• Pns = Py = 850 kip
•  = 1.0
• Pr/Pns = (1)(132)/(850) = 0.16 < 0.5

therefore b = 1.0

Model NS24_L8_Example_2 41

Case 2 Take 1 
Column Flexural Load Effects (Mr)

Model NS24_L8_Example_2

• Left column Mr = 1444 kip in
• Right column Mr = 1423 kip in

42
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Case 2 Take 1 
Interaction Values

W12x58 Right Column

109 kips

1206 kips

0.18

109 kips603 kips
1076 kip-in

1464 kip-in

0.83

1.08

132 kips

0.22

603 kips 132 kips

603 kips 1464 kip-in

1423 kip-in

Qu = 120 kips

Qu = 100 kips

Try about 2/3 of the way between two for Qu = 114 kips

CASE 1

CASE 2 TAKE 1

43

Learning Module 9 Case 2 Take 2 
Model

W
1
2
X

5
8

W
1
2
X

5
8

W24X76

20’

1
2
’

Qu = 114 kips Qu = 114 kips

0.1Qu = 
11.4kips

• GNIA Planar Analysis
• H/500 out-of-plumbess directly modelled
• 0.8E
• Et (b)
• Take 2: Qu = 114 kips

Model NS24_L8_Example_2 44
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Case 2 Take 2 
Axial Load Effects (Pr)

• Left column Pr = 103 kip
• Right column Pr = 125 kip
• Pns = Py = 850 kip
•  = 1.0
• Pr/Pns = (1)(125)/(850) = 0.15 < 0.5

therefore b = 1.0

Model NS24_L8_Example_2 45

Case 2 Take 2 
Column Flexural Load Effects (Mr)

Model NS24_L8_Example_2

• Left column Mr = 1329 kip
• Right column Mr = 1311 kip

46
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Case 2 Take 2 Interaction Values
W12x58 Right Column

109 kips

1206 kips

0.18

109 kips603 kips
1076 kip-in

1464 kip-in

0.83

1.08

132 kips

0.22

603 kips 132 kips

603 kips 1464 kip-in

1423 kip-in

Qu = 120 kips

Qu = 100 kips

Qu = 114 kips

125 kips

603 kips

0.21

125 kips603 kips
1311 kip-in

1464 kip-in

CASE 1

CASE 2 TAKE 1

CASE 2 TAKE 2

1.00

47

Case 2 Take 2 
2nd Order Inelastic Analysis

W
1
2
X

5
8

W
1
2
X

5
8

W24X76

20’

1
2
’

Qu = 114 kips Qu = 114 kips0.1Qu = 
11.4kips

• GMNIA Planar Analysis
• H/500 out-of-straightness
• 0.8E 0.9E (Appendix 1 3.3a.)
• 0.9Fy (Appendix 1 3.3a)
• Et (b)
• Take 2: Qu = 114 kips

Model NS24_L8_Example_3 48
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Case 2 Take 2 Inelastic Analysis vs 
Direct Analysis Method

Direct Analysis Method-GMNIA
(Appendix 1.3)

Direct Analysis Method-GNIA
(Chapter C)

Qu = 114 kip
Right column DCR = 1.0

System ALR = 1.107
Qu = 
114 kip*1.107 = 126.2 kip

Model NS24_L8_Example_3 49

Learning Module 9 Method

• A992 STEEL

• Beam Lb = Lc = 0

• Stiffness reduction of 0.8E

• Three studies

– Case 1: H/500 out-of-plumbness & b

– Case 2: Use Case 1 to find Qu for DCR = 1.0

– Case 3: Use notional loads instead of out-of-
plumbness and b

W12X58

W24X76

LRFD Methodology 50
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Learning Module 9 Case 3 Model

W
1

2
X

5
8

W
1

2
X

5
8

W24X76

20’

1
2

’

100 kips 100 kips

10 kips
+
.4 kips

*Recall Pr/Pns<0.5 so b = 1.0 and no additional notional load 
required

• GNIA Planar Analysis
• H/500 out-of-plumbness directly modelled
• 0.002*200 kips = 0.4 kip notional load for 

out-of-plumbness
• 0.8E
• Et (b)*
• Qu = 100 kips

51

Learning Module 9 Case 3
General Stability Requirement How Accomplished

Deformations GNIA via MASTAN2 

Second order effects GNIA via MASTAN2 

System imperfections on structure Notional Load (0.002Qu)

Member imperfections on structure 0.8E via MASTAN2

Member imperfections on member strength Pc

Stiffness reductions due to inelasticity on structure 0.8E via MASTAN2

Stiffness reductions due to inelasticity on member strength Pc

Uncertainty on structure 0.8E via MASTAN2

Uncertainty on member Pc

Model NS24_L8_Example_4

52
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Case 3 
Axial Load Effects (Pr)

• Compare with Case 1 results
• Left column Pr = 91 kip
• Right column Pr = 109 kip 

Notional loads accurately account for 
H/500 out-of-plumbness

Model NS24_L8_Example_4 53

Case 3 
Column Flexural Load Effects (Mr)

• Case 3 results (notional loads)
• Left column Mr = 1085 kip-in
• Right column Mr = 1074 kip-in

• Compare with Case 1 results (directly 
modelled out-of-plumbness)

• Left column Mr = 1087 kip-in
• Right column Mr = 1076 kip-in

Notional loads accurately account for 
H/500 out-of-plumbness

Model NS24_L8_Example_4 54
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Summary

• General stability requirements “the BIG 5” must 
be considered 

• The Direct Analysis Method in Chapter C is based 
on a second order elastic analysis and is one way 
to account for general stability requirements

• There are 4 other AISC stability design methods in 
Appendices 1 and 7 that can be used to account 
for the general stability requirements

55

And now heeeeeeeeeeeeeeere’s Ronny!

56
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73

Caltrans District 4 Office Building –
assess rotational deformation demand-to-

capacity at connections

74
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Single-Session Registrants

• 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!

CEU / PDH Certificates

Single-Session Registrants

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

• Username:  Same as AISC website username.

• Password:  Same as AISC website password.

CEU / PDH Certificates
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8-Session Registrants

One certificate will be issued at the conclusion of the course.

CEU / PDH Certificates

8-Session Registrants

Attendance and PDH Certificates
• You have two options to receive credit for a given session.

• Option 1:  Watch the live session.  Credit for live attendance will be displayed on the 
Course Resources table within two days of the session.

• Option 2:  Watch the recording and pass the associated quiz.

Videos and Quizzes
• For each session, find access within two business days after the live air date.  (An 

email will be sent from nightschool@aisc.org.)
• Reasons for quiz:

• 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.
• Reinforce what you learn in the lectures and get more out of the course!

Distribution of Certificates
All certificates will be issued after the course is completed.  Only the registrant will 
receive a certificate for the course.
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8-Session Registrants

Find all your handouts, quizzes and quiz scores, recording access, and 
attendance information in one place!

Course Resources

8-Session Registrants

Go to www.aisc.org and sign in.

Course Resources
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8-Session Registrants

Go to www.aisc.org and sign in.

Course Resources

8-Session Registrants

Course Resources
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8-Session Registrants

Course Resources

AISC | Thank you.


