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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

AISC Live Webinars

There’s always a solution in Steel

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) 378‐4398 Passcode: 709758
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Today’s live webinar will begin shortly.  Please stand by.

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) 378‐4398 Passcode: 709758 

AISC Live Webinars

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
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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

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.

AISC Live Webinars

Seismic Design for Non‐West Coast Engineers – Part 2

August 17, 2017

This introductory, two‐part webinar will address basic concepts of 
seismic design.

Part 2 of the webinar will focus on the performance of steel 
structures in past earthquakes, computing earthquake loads 
using the equivalent lateral force method, basic concepts on 
detailing of steel to achieve ductile response, options for 
structural steel lateral force resisting systems, and an overview of 
the AISC Seismic Provisions.

Course Description
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• Describe the performance of steel systems in past earthquakes

• Identify steps to determine seismic forces by ASCE 7

• Identify key features of steel seismic force resisting systems

• Locate additional seismic design references

Learning Objectives

8

Seismic Design for Non-West Coast 
Engineers – Part 2

Presented by 
Michael D. Engelhardt, PhD, PE
Professor
The University of Texas at Austin
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Seismic Design for Non-West Coast Engineers

Part 1 (August 10, 2017)

• Causes, Location, and Impact of Earthquakes

• EQ Forces on Buildings

• Overall Philosophy and Approach for EQ‐
Resistant Design

• Role of Ductility in EQ‐Resistant Design

9

Part 2 (August 17, 2017)

• Steel Structures: Performance in Past EQs

• EQ Resistant Design per ASCE 7‐10

• Structural Steel Seismic Force‐Resisting 
Systems in the AISC Seismic Provisions

• References for Further Learning

10

Seismic Design for Non-West Coast Engineers
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Earthquake Fatalities....Causes

Source: "Earthquake Protection," 2nd Ed. 

Andrew Coburn and Robin Spence, Wiley, 2002
11

1985 Mexico City EQ

12
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1994 Northridge EQ

13
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1995 Kobe EQ
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23

2010/2011 Earthquake Series – Christchurch, New Zealand 

Photos courtesy of Charles Clifton, University of Auckland

24
Photos courtesy of Charles Clifton, University of Auckland
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Seismic Resistant Design

Key Elements:

General Seismic Design Requirements 
and Required Lateral Strength and Stiffness

Specified by ASCE 7‐10:
Minimum Design Loads for Buildings and Other Structures

Ductile Detailing Requirements

For steel structures: Specified by AISC 341‐10:
Seismic Provisions for Structural Steel Buildings

25

Part 2 (August 17, 2017)

• Steel Structures: Performance in Past EQs

• EQ Resistant Design per ASCE 7‐10

• Structural Steel Seismic Force‐Resisting 
Systems in the AISC Seismic Provisions

• References for Further Learning

26

Seismic Design for Non-West Coast Engineers
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ASCE 7‐10

27

ASCE 7‐10

Seismic Design Requirements depend on the:

Seismic Design Category (SDC)

SDCs: A
B
C
D
E
F

Increasing seismic risk
and
Increasingly stringent 
seismic design and 
detailing requirements

28
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• Geographic Location

• Soil Conditions

• Importance of Structure

Seismic Design Category (SDC)

Depends on:

29

To Determine the Seismic Design Category (ASCE 7-10):

Determine Risk Category

Determine SS and S1 
SS =  spectral response acceleration for maximum considered earthquake at short periods 
S1 =  spectral response acceleration for maximum considered earthquake at 1-sec period

Ss and S1 are read from maps (or from USGS website)

Determine Site Class

Determine SMS and SM1 
Spectral response accelerations for maximum considered earthquake

adjusted for the Site Class;
SMS = Fa Ss SM1 = Fv S1

Determine SDS and SD1 
Design spectral response accelerations

SDS = 2/3 x SMS SD1 = 2/3 x SM1

30
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Risk Categories

31

32
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Map for SS 33

Map for S1 34
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Seismic Hazard Maps

• Interactive program available from USGS website.

– Seismic design values for buildings

– Input longitude and latitude at site

– Output SS and S1

• http://earthquake.usgs.gov/hazards/designmaps/

35
35

Generalized Shape of Smoothed Elastic Response Spectrum

36
Source: FEMA P‐749
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Site Classification per ASCE 7‐10

37

Adjust Response Spectrum for Site Effects

SMS = Fa Ss

38



AISC Live Webinars
August 17, 2017

Seismic Design for Non‐West Coast Engineers
Part 2

20
Copyright © 2017
American Institute of Steel Construction

Adjust Response Spectrum for Site Effects

SM1 = Fv S1

39

Determine Design Spectral Accelerations

2

3DS MSS S

1 1

2

3D MS S

40
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Determine Seismic Category 

41

Determine Seismic Category 

For Risk Category I, II, or III: S1  0.75g         SDC = E

For Risk Category IV:              S1  0.75g         SDC = F

42
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Map for SS

Example: Site in Santa Clarita, California

43

Example: Site in Santa Clarita, California

• Low rise office building
• Risk Category II
• Assume Site Class D (Stiff Soil)

Per ASCE 7‐10: Ss = 2.90g S1 = 0.91g

Fa = 1.0 Fv = 1.5       (Site Class D)

SMS = 1.0 x 2.90g = 2.90g SM1 = 1.5 x 0.91g = 1.37g

SDS = (2/3) x 2.90g = 1.93g SD1 = (2/3) x 1.37g = 0.91g

SDS = 1.93 g SD1 = 0.91 g

Seismic Design Category  = E

44
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Map for SS

Example: Site in Memphis, Tennessee

45

Example: Site in Memphis, Tennessee

• Low rise office building
• Risk Category II
• Assume Site Class D (Stiff Soil)

Per ASCE 7‐10: Ss = 0.87g S1 = 0.31g

Fa = 1.15 Fv = 1.78       (Site Class D)

SMS = 1.15 x 0.87g = 1.01g SM1 = 1.78 x 0.31g = 0.55g

SDS = (2/3) x 1.01g = 0.67g SD1 = (2/3) x 0.55g = 0.37g

SDS = 0.67 g SD1 = 0.37 g

Seismic Design Category  = D

46
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Examples of Elastic Design Response Spectra (per ASCE7‐10)
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Santa Clarita California (near Newhall Firehouse)

Memphis, Tennessee (near Graceland)

47

SDCs: A

B
C

D
E
F

Minimal seismic design 
requirements

Relatively simple 
approaches possible

"High level" seismic design 
required

Seismic Design Requirements depend on the:

Seismic Design Category (SDC)

48
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Analysis Options per ASCE 7‐10

• Equivalent Lateral Force Method

• Modal Response Spectrum Analysis

• Seismic Response History Analysis
‐ Linear
‐ Nonlinear

49

Analysis Options per ASCE 7‐10

50
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V

Equivalent Lateral Force Method

Treat EQ effects as a 
static lateral load

51

Modal Response Spectrum Analysis

Source:  AISC Seismic Design Manual
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Seismic Response History Analysis

54
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V = total design lateral 
force or shear at 
base of structure

W = effective seismic 
weight of building

CS = seismic response 
coefficient

V

V = CS W

Equivalent Lateral Force Method

55

SDS =  design spectral 
acceleration at 
short periods

SD1 =  design spectral 
acceleration at 
1‐second period

Ie = importance factor

R =  response modification coefficient

T =  fundamental period of building

for T  TL

for T  > TL

TL =  long period transition period
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V = Cs W

Example:

• 7 story steel office building
• Risk Category II:  Ie = 1.0
• T  0.7 sec

Location: Santa Clarita, California (near Newhall Firehouse)

58

SDS = 1.93g

SD1 = 0.91g

TL = 8 sec
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Example:

• 7 story steel office building
• Risk Category II:  Ie = 1.0
• T  0.7 sec

Location: Memphis, Tennessee (near Graceland)

60

SDS = 0.67g

SD1 = 0.37g

TL = 12 sec
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Example:

• 7 story steel office building
• Risk Category II:  Ie = 1.0
• T  0.7 sec

Location: Santa Clarita, California
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R factors for Selected Steel Systems (ASCE 7‐10):

SMF (Special Moment Resisting Frames): R = 8

IMF (Intermediate Moment Resisting Frames): R = 4.5

OMF (Ordinary Moment Resisting Frames):  R = 3.5

EBF (Eccentrically Braced Frames): R = 8

SCBF (Special Concentrically Braced Frames): R = 6

OCBF (Ordinary Concentrically Braced Frames):  R = 3.25

BRBF (Buckling Restrained Braced Frame): R = 8

SPSW (Special Plate Shear Walls): R = 7

Undetailed Steel Systems in
Seismic Design Categories  B or C R = 3
(AISC Seismic Provisions not needed)

63

Example:

• 7 story steel office building
• Risk Category II:  Ie = 1.0
• T  0.7 sec
• System designed and detailed as a 
Special Moment Frame (SMF): R = 8

Location: Santa Clarita, California

1.3 1.3
0.16

8
V W W W

R
  

Location: Memphis, Tennessee

0.53 0.53
0.066

8
V W W W

R
  

64



AISC Live Webinars
August 17, 2017

Seismic Design for Non‐West Coast Engineers
Part 2

33
Copyright © 2017
American Institute of Steel Construction

Seismic Resistant Design

Key Elements:

General Seismic Design Requirements 
and required Lateral Strength and Stiffness

Specified by ASCE 7‐10:
Minimum Design Loads for Buildings and Other Structures

Ductile Detailing Requirements

For steel structures: Specified by AISC 341‐10:
Seismic Provisions for Structural Steel Buildings

65

Part 2 (August 17, 2017)

• Steel Structures: Performance in Past EQs

• EQ Resistant Design per ASCE 7‐10

• Structural Steel Seismic Force‐Resisting 
Systems in the AISC Seismic Provisions

• References for Further Learning

66

Seismic Design for Non-West Coast Engineers
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Free download at www.aisc.org

AISC 341‐10

67

H
Ductility  =  Yielding

Failure  =
Fracture

or
Instability

68

H
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Developing Ductile Behavior – Capacity Design:

• Choose frame elements ("fuses") that will yield in an 
earthquake;  e.g. beams in moment resisting frames, 
braces in concentrically braced frames,  links in 
eccentrically braced frames, etc.

• Detail "fuses" to sustain large inelastic deformations prior 
to the onset of fracture or instability  (i.e.  detail fuses for 
ductility).

• Design all other frame elements to be stronger than the 
fuses, i.e. design all other frame elements to develop the 
plastic capacity of the fuses.

69

Seismic Force‐Resisting Systems
for Steel Buildings in AISC 341‐10

• Moment Resisting Frames

• Concentrically Braced Frames

• Eccentrically Braced Frames

• Buckling Restrained Braced Frames

• Special Plate Shear Walls

70
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Plan View of Typical Steel Building

Seismic Force‐Resisting Frames

71

MOMENT RESISTING FRAMES (SMF, IMF, OMF)

Advantages

• Architectural Versatility
• High Ductility and Safety

Disadvantages

• Low Elastic Stiffness

Beams and columns with moment resisting connections;  resist 
lateral forces by flexure and shear in beams and columns - i.e. by 
frame action.

Develop ductility primarily by flexural yielding of the beams.

72
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Moment Resisting Frame
73
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Inelastic Response 
of a Steel Moment 
Resisting Frame

77

Concentrically Braced Frames (SCBF, OCBF)

Beams, columns and braces arranged to form a vertical truss.  
Resist lateral earthquake forces by truss action.

Develop ductility through inelastic action in braces.

- braces yield in tension
- braces buckle in compression

Advantages

- high elastic stiffness

Disadvantages

- less ductile than other systems (SMFs, EBFs, BRBFs) 
- reduced architectural versatility
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Types of CBFs

Single Diagonal Inverted V- Bracing V- Bracing

X- Bracing Two Story X- Bracing
79
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Inelastic Response of CBFs under Earthquake Loading
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Tension Brace: Yields
(ductile)

Compression Brace: Buckles
(nonductile)

Columns and beams: remain essentially elastic

83

Compression Brace 
(previously in tension): 
Buckles
(nonductile)

Tension Brace (previously in 
compression): Yields
(ductile)

Columns and beams: remain essentially elastic
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Eccentrically Braced Frames (EBFs)

• Framing system with beam, columns and braces. At least one end of 
every brace is connected to isolate a segment of the beam called a 
link.

• Resist lateral load through a combination of frame action and truss 
action. EBFs can be viewed as a hybrid system between moment 
frames and concentrically braced frames.

• Develop ductility through inelastic action in the links.

• EBFs can supply high levels of ductility (similar to MRFs), but can 
also provide high levels of elastic stiffness (similar to CBFs)

85

e

e

Link

Link
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Some possible bracing arrangement for EBFS

e e e e

e

e
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Inelastic Response of EBFs
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Buckling‐Restrained Braced Frames (BRBFs)

• Type of concentrically braced frame.

• Beams, columns and braces arranged to form a vertical truss.  
Resist lateral earthquake forces by truss action.

• Special type of brace members used: Buckling-Restrained 
Braces (BRBs). BRBS yield both in tension and compression 
- no buckling !!

• Develop ductility through inelastic action (cyclic tension and 
compression yielding) in BRBs. 

• System combines high stiffness with high ductility.
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Buckling‐Restrained Brace 

Buckling-
Restrained Brace:
Steel Core
+
Casing

Casing

Steel Core
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Buckling‐Restrained Brace 

Buckling-
Restrained Brace:
Steel Core
+
CasingA

A

Section A-A

Steel Core

Debonding material

Casing

Steel jacket
Mortar

97

Buckling‐Restrained Brace 

P P

Steel core resists entire axial force P

Casing is debonded from steel core
- casing does not resist axial force P
- flexural stiffness of casing restrains buckling of core
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Bracing Configurations for BRBFs

Single Diagonal Inverted V- Bracing V- Bracing

X- Bracing Two Story X- Bracing
99
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Inelastic Response of BRBFs under Earthquake Loading
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Tension Brace: Yields Compression Brace: Yields

Columns and beams: remain essentially elastic
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Compression Brace: Yields Tension Brace: Yields

Columns and beams: remain essentially elastic
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Special Plate Shear Walls (SPSW)

• Assemblage of consisting of rigid frame, infilled with thin 
steel plates.

• Under lateral load, system behaves similar to a plate girder. 
Wall plate buckles under diagonal compression and forms 
tension field.

• Develop ductility through tension yielding of wall plate along 
diagonal tension field. 

• System combines high stiffness with high ductility.

105
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107

Shear buckling

Development of 
tension diagonals

Inelastic Response of a SPSW
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AISC 341‐10

109

2010 AISC Seismic Provisions for Structural Steel Buildings

Symbols

Glossary

A. General Requirements

B. General Design Requirements

C. Analysis

D. General Member and Connection Design Requirements

E. Moment Frame Systems

F. Braced Frames and Shear-Wall Systems

G. Composite Moment Frame Systems

H. Composite Braced Frame and Shear-Wall Systems

I. Fabrication and Erection

J. Quality Control and Quality Assurance

K. Prequalification and Cyclic Qualification Testing Provisions 110
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Part 2 (August 17, 2017)

• Steel Structures: Performance in Past EQs

• EQ Resistant Design per ASCE 7‐10

• Structural Steel Seismic Force‐Resisting 
Systems in the AISC Seismic Provisions

• References for Further Learning
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Seismic Design for Non-West Coast Engineers

Some References for Further Learning

• Basic text on structural dynamics

“Dynamics of Structures; Theory and 
Applications to Earthquake Engineering”
Anil Chopra, 2011

“Dynamics of Structures”
Ray Clough and Joseph Penzien, 2010

• Text on Seismic Design of Steel Structures

“Ductile Design of Steel Structures”  
Michel Bruneau, Chia‐Ming Uang, Rafael Sabelli, 2011
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FEMA P‐749 FEMA P‐750
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FEMA P‐751
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NEHRP Seismic Design Technical Briefs

• Tech Brief No. 2
Seismic Design of Steel Special Moment Frames:
A Guide for Practicing Engineers

• Tech Brief No. 4
Nonlinear Structural Analysis For Seismic Design: 
A Guide for Practicing Engineers

• Tech Brief No. 5
Seismic Design of Composite Steel Deck and Concrete‐filled 
Diaphragms: A Guide for Practicing Engineers

• Tech Brief No. 8
Seismic Design of Steel Special Concentrically Braced Frame 
Systems: A Guide for Practicing Engineers

• Tech Brief No. 11
Seismic Design of Steel Buckling Restrained Braced Frames

115

http://www.nehrp.gov/library/techbriefs.htm

NEHRP Seismic Design Technical Brief No. 2
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AISC Teaching Aid

Teaching Principles of Seismic Resistant Design 
of Steel Building Structures

www.aisc.org

For Faculty and Students

Teaching Aids
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Free download at www.aisc.org

AISC 358‐10
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AISC 341‐10
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Additional Key Reference: “Structural Welding Code – Seismic Supplement.” AWS D1.8‐2009

119

3rd Edition – Keyed to AISC 
341‐16 and AISC358‐16:
coming Summer 2018
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Part 2 (August 17, 2017)

• Steel Structures: Performance in Past EQs

• EQ Resistant Design per ASCE 7‐10

• Structural Steel Seismic Force‐Resisting 
Systems in the AISC Seismic Provisions

• References for Further Learning

121

Seismic Design for Non-West Coast Engineers

122

Question 1

The Seismic Design Category (SDC) assigned to a building depends 
on:

a) geographic location of the building with the U.S.
b) soil conditions at the site of the building
c) importance of the building
d) all of the above
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123

Question 2

True or False: In a steel Special Concentrically Braced Frame (SCBF), 
the design intent of AISC 341 is that the braces are the weakest 
structural element in the system.

a) True
b) False

Within 2 business days…

• 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!

PDH Certificates



AISC Live Webinars
August 17, 2017

Seismic Design for Non‐West Coast Engineers
Part 2

63
Copyright © 2017
American Institute of Steel Construction

Within 2 business days…

• Reporting site (URL will be provided in the forthcoming email).
• Username:  Same as AISC website username.
• Password:  Same as AISC website password.

PDH Certificates

Thank You

Please give us your feedback!
Survey at conclusion of webinar.


