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WELCOME TO THE 2012 EERI ANNUAL MEETING AND NATIONAL EARTHQUAKE CONFERENCE
L. Thomas Tobin – EERI President
On behalf of the EERI Board of Directors, members, and our
staff, I extend to you a warm welcome to our 64th EERI Annual
Meeting and National Earthquake Conference. We also
welcome our conference partners, the FEMA earthquake
consortia:
• Central United States Earthquake Consortium;
• Cascadia Region Earthquake Workgroup;
• Northeast States Emergency Consortium; and
• Western States Seismic Policy Council.
We gather in Memphis after a busy year learning from ongoing
recovery efforts in Haiti, Chile, and New Zealand. We also
experienced two important and contrasting earthquakes. On
March 11, 2011, the M 9 Great Tohoku earthquake and
tsunami struck Japan, leaving about 15,703 dead, 4,647
missing and over $309 billion in losses. On August 23rd, the
M 5.8 earthquake at Mineral, Virginia, reminded us that we are
not prepared. These earthquakes, great and moderate in
magnitude, remind us of the power and surprise of earthquakes, and the need to prepare our nations and reduce
physical and human vulnerability. These events remind us of
the importance of our multidisciplinary work and advocacy to
improve earthquake safety. They remind us that earthquakes
are a worldwide issue and an issue for parts of the United
States far from the Pacific Ring of Fire. These earthquakes
also illustrated that we have much to learn, and much to do.
The Annual Meeting/National Earthquake Conference allows
us to consider the lessons learned and needs for more
discovery and to discuss what to do.
The Organizing Committee has created an interesting program
with the theme Learning from the Past to Protect the Future.
While earthquakes in 1811 and 1812 are distant in time, the
lessons are present. Vulnerable buildings, utilities and
transportation systems are conditions for losses, disruption
and protracted recovery. Vulnerable school buildings and
children in harm’s way remain a significant challenge. We will
consider these issues and others during our meeting.
Our program is full, but please save time to participate in the
opening hosted reception and two poster sessions. These
activities allow you an opportunity to meet old friends and
introduce yourself to new ones.
EERI committees meet Wednesday, Thursday, and Friday
mornings as well as Wednesday afternoon. Please join one of
the open committees. You have many choices and we invite
you to participate here and throughout the year.
As always, one of the most interesting and entertaining events
will be the Undergraduate Seismic Design Competition.
Twenty nine student teams compete by shaking to failure the
models of high-rise office buildings they designed, analyzed,
and fabricated. Last year the room was filled to capacity with
cheering students and professionals.

We will honor several of our members:
•

Helmut Krawinkler will receive EERI’s highest honor, the Housner
Medal, for his exceptional contributions to the Institute and the
profession;

•

Phil Gould will receive the Alfred E. Alquist Special Recognition
Award;

•

Farzad Naeim and Polat Gulkan will be named Honorary Members in recognition of their decades of dedicated contributions to
the Institute and the profession;

•
•

Tom O’Rourke will deliver the 2012 EERI Distinguished Lecture;
Jonathan Bray will present the William B. Joyner Memorial
Lecture;

•

Sharyl Rabinovici, the EERI/FEMA NEHRP Graduate Fellow, will
present her work;
Veronica Cedillos will receive the Shah Family Innovation Prize;

•
•

Kishor Jaiswal and David Wald will receive the 2010 Earthquake
Spectra Outstanding Paper Award for their paper, “An Empirical
Model for Global Earthquake Fatality Estimation;”

•

Graphics Competition winners are:
o 1st place: Guillaume Roux-Fouillet for the “Haiti Seismic
Resilience Calendar;”
o 2nd place: Carlos Sousa Oliveira for a research project
graphic on “Seismic Risk in Urban Systems;” and
o 3rd place: Brad Fleming for a video on “Pile Foundations in
Soft Clay.”

•

We will recognize all of our Subscribing Members and major
donors whose generosity allows EERI to undertake efforts
otherwise not possible.

The Western States Seismic Policy Council will convey its awards:
• John L. Aho and Jonathan G. Price will receive Lifetime
Achievement Awards;
•

The Earthquake Country Alliance (California), the USGS for
ShakeMap and Suite of Accompanying Programs, the Utah
Earthquake Working Groups, Project Safe Haven (Washington
State), and the Washington State Seismic Mitigation Policy Gap
Analysis will receive 2012 National Awards in Excellence.

We greatly appreciate and acknowledge financial support for this
meeting from FEMA, the USGS, and the West Tennessee Seismic
Safety Council (WTCCS); for the student design competition from
FEMA, Computers and Structures, Degenkolb Engineers, Hayward
Baker, Kinemetrics, Risk Management Solutions, and Tobolski/
Watkins Engineering; and for the field trip from the WTSSC.
Enjoy the Annual Meeting/National Earthquake Conference, and use it
as an opportunity to discuss your ideas, engage colleagues, and
become inspired to take effective action. Please share your ideas
about EERI with me or other members of the Board of Directors. We
are eager to hear from you.
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Plenary Sessions:

Grand Ballroom AB

Exhibits:

Grand Ballroom CDEF

Concurrent
Sessions:

Forest*
Grand Ballrm. AB
Hernando Desoto*
Louis XVI
Venetian*

Mezzanine
Level

Registration

Seismic Design Competition

Luncheons will be served in the Tennessee
Exhibit Hall on the ground floor, adjacent
to the Lobby entrance (not shown on this
floor plan).

Exhibits

Plantation Roof

Plenary Sessions

Concurrent
Sessions:
Skyway*

*Committee Meetings
These rooms will also
be used for committee
meetings during nonconference hours. Other
Mezzanine Level and
Executive Conference
Center rooms will also
be used for committee
meetings.

Executive Conference
Center, 3rd Floor
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Exhibits

CONFERENCE PRINCIPALS
The 2012 EERI Annual Meeting & National Earthquake Conference is chaired by the Earthquake Engineering
Research Institute (EERI) and the four national earthquake and emergency consortia groups (CREW, CUSEC,
NESEC, and WSSPC) funded by the Federal Emergency Management Agency (FEMA) under the National Earthquake Hazard Reduction Program (NEHRP). These organizations united to organize a national conference to
address the urgent problem of earthquake risk reduction. The conference is supported by FEMA and the U.S.
Geological Survey (USGS).
EERI (www.eeri.org): The objective of EERI is to reduce earthquake risk by advancing the science and practice
of earthquake engineering; by improving understanding of the impact of earthquakes on the physical, social,
economic, political and cultural environment; and by advocating comprehensive and realistic measures for
reducing the harmful effects of earthquakes. EERI’s programs forge links among research, knowledge, design,
practice, and policy through the dissemination of information in a variety of media.
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Central U.S. Earthquake Consortium (www.cusec.org): CUSEC is a partnership of the federal
government and the eight states most affected by an earthquake in the New Madrid Seismic
Zone: Alabama, Arkansas, Illinois, Indiana, Kentucky, Mississippi, Missouri, and Tennessee. In
addition, CUSEC’s membership includes ten associate states; Georgia, Iowa, Kansas, Louisiana,
Nebraska, North Carolina, Ohio, Oklahoma, South Carolina, and Virginia. CUSEC's primary mission
is "... the reduction of deaths, injuries, property damage and economic losses resulting from
earthquakes in the Central United States."
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I

Cascadia Region Earthquake Workgroup (www.crew.org): CREW is a coalition
of private and public representatives working together, to improve the ability of
Cascadia Region communities to reduce the effects of earthquake events and
related hazards. Partnering states and provinces are British Columbia,
Northern California, Oregon and Washington.

M

A

Northeast Emergency Consortium (www.nesec.org): NESEC is a not-for-profit organization that
develops, promotes, and coordinates comprehensive "all-hazards" mitigation and emergency
management activities throughout the Northeast. NESEC is governed by a Board of Directors
comprised of the Directors of the State Emergency Management Agencies in Connecticut, Maine,
Massachusetts, New Hampshire, New Jersey, New York, Rhode Island and Vermont
Western States Seismic Policy Council (www.wsspc.org): The mission of WSSPC is to develop
seismic policies and share information to promote programs intended to reduce earthquakerelated losses. Member states, provinces, and territories are Alaska, American Samoa, Arizona,
British Columbia, California, Colorado, Guam, Hawaii, Idaho, Montana, Nevada, New Mexico,
Northern Marianas, Oregon, Utah, Washington, Wyoming, and Yukon.
FEMA (www.fema.gov) is one of the four member agencies that make up
NEHRP. The others are the USGS, the National Institute of Standards &
Technology (NIST), and the National Science Foundation (NSF). In fulfilling its
role, FEMA supports conferences that enhance the effectiveness of earthquake
hazard reduction science and technology, and that increase opportunities for
participation by individuals who can then contribute to the advancement and progress of the program.
USGS (www.usgs.gov): The USGS Earthquake Hazards Program is a partner in NEHRP. It
provides the nation with earthquake monitoring and notification, delivers regional and
national seismic hazard assessments, and maintains national seismic hazard maps that
form the basis for seismic provisions in building codes and performance-based structural
design.

3

Thank You to Our Co-sponsors
U.S. Geological Survey

Federal Emergency
Management Agency

9th Annual Undergraduate Student Design Competition Co-sponsors
FEMA
Computers and Structures
Degenkolb Engineers

Hayward Baker
Kinemetrics
Risk Management Solutions
Tobolski Watkins Engineering

Field Trip Sponsor
West Tennessee Seismic Safety Commission

Conference Committees
Conference Executive
Committee
Jay Berger, EERI
Ed Fratto, NESEC
Heidi Kandathil, CREW
Wendy Phillips, FEMA
Patricia L. Sutch, WSSPC
James Wilkinson, CUSEC

Program Co-chairs
Oliver Boyd, USGS
Richard Eisner,
FAIA, Consultant

Shahram Pezeshk,
University of Memphis

Conference Co-chairs
James Beavers,
JEB Consultants

James Wilkinson, CUSEC

EERI Board of
Directors

L. Thomas Tobin
President

Ian G. Buckle
President-Elect

David A. Friedman
Vice President

Janiele Maffei

Secretary-Treasurer

Roberto Leon
Joseph Maffei
Ellen M. Rathje
Kathleen Tierney
Ivan Wong
Jay Berger

Executive Director

EERI Staff

Juliane Lane, Membership Coordinator
Jay Berger, Executive Director
Conference registration & volunteer
Marjorie Greene, Special Projects Manager/LFE
coordinator
Sonya Hollenbeck, Controller/Member Relations
Maggie Ortiz, Intern
Conference budget, hotel liaison, &
sponsor/exhibitor coordinator

Conference notebook, AV Assistant

Conference brochure, notebook, & journal

Conference notebook, AV Assistant

Eloise Gilland, Editorial and Publications Manager Jonathon Tai, Intern

Elizabeth Stalnaker, Spectra Editorial Assistant

E E R I A N N UA L
&
MEETING
Earthquake Engineering Research Institute • 499 14th Street, Suite 220, Oakland, CA 94612 USA
(510) 451-0905 • Fax (510) 451-5411 • e-mail: eeri@eeri.org • web www.eeri.org
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9:00–10:30 am
PLENARY
LESSONS FROM RECENT EARTHQUAKES, PT. 1:
Seismology, Tsunami, & Geotechnical Engineering
Moderator: David Applegate, USGS
Speakers:
The Handwriting on the Wall -― Seismological Lessons from
Recent Earthquakes: David Wald, USGS
Learning from the Past to Protect the Future -― Tsunamis:
Lori Dengler, Humboldt State University
Geotechnical Lessons from the 2011 Great East Japan
Earthquake and the 2010-11 Christchurch Earthquakes:
Ross Boulanger, UC Davis

TUESDAY, APRIL 10
8 am–4:15 pm
HERNANDO DE SOTO ROOM
ASCE SYMPOSIUM ON SEISMIC HAZARD
DESIGN ISSUES IN THE CENTRAL U.S. ($65)
8 am–5 pm
EERI BOARD MEETING

BEN HOLLANDER ROOM

8 am–3 pm
SKYWAY ROOM
NATIONAL EARTHQUAKE PROGRAM MANAGERS' MEETING
9 am–2 pm
VENETIAN ROOM
NEW MADRID EARTHQUAKE SCENARIO WORKSHOP
(no fee)
3:30–5:30 pm
WSSPC MEETINGS

10:00–10:30 am
BREAK

LOUIS XVI ROOM

4:30–7:30 pm
REGISTRATION OPENS

10:30 am-12 noon
PLENARY
LESSONS FOR TODAY FROM THE 1811–1812 NEW
MADRID EARTHQUAKES & BICENTENNIAL EVENTS
Moderator: Jim Wilkinson, CUSEC
Speakers:
Historical Impact of the 1811-12 Earthquakes: Conevery
Bolton Valencius, University of Massachusetts
Earthquakes of 1811-12, Gary Patterson, University of
Memphis
The New Madrid Earthquakes Bicentennial: A Teachable
Moment? Chris Cramer, University of Memphis

EAST MEZZANINE

6:00–7:30 pm
GRAND BALLROOM C,D,E,F
HOSTED RECEPTION AND EXHIBITS OPEN
An informal get-acquainted icebreaker with complimentary
snacks and a hosted bar.
7:00–9:30 pm
URM MEMPHIS SOUTH MAIN STREET
DEMONSTRATION WORKSHOP

VENETIAN ROOM

WEDNESDAY, APRIL 11
Learning from Earthquakes

12:00–1:30 pm
TENNESSEE EXHIBIT HALL
LUNCH & AWARDS PRESENTATIONS
1:30–3:00 pm
PLENARY
LESSONS FROM RECENT EARTHQUAKES, PT. 2: Built
Environment, Preparation and Response, Societal Impacts
Moderator: Bill Anderson, Independent Consultant
Speakers:
Performance of the Built Environment in Recent Earthquakes: Jack Moehle, UC Berkeley
Preparedness and Response Lessons: Rich Eisner, FAIA,
Consultant
Societal Impacts: Kathleen Tierney, University of Colorado

ALL PLENARY SESSIONS ARE HELD IN
GRAND BALLROOM A&B
7 am–5 pm
REGISTRATION CONTINUES
6:30–8:00 am
CONTINENTAL BREAKFAST

EAST MEZZANINE
GRAND BALLROOM C,D,E,F

7:30 am–6 pm
CONTINENTAL BALLROOM
9th ANNUAL UNDERGRADUATE SEISMIC DESIGN
COMPETITION: Wednesday & Thursday
7:00–8:00 am
EERI COMMITTEE MEETINGS

See p. 17

3:00–3:30 pm
BREAK

8:00–8:30 am
PLENARY
WELCOME AND OPENING REMARKS
Thomas Tobin, President, EERI
Paul Parmenter, CUSEC Board Chairman
David Miller, Associate Administrator, Federal Insurance
and Mitigation Administration, FEMA
8:30–9:00 am
OPENING KEYNOTE ADDRESS
Timothy Manning, Deputy Administrator for
National Preparedness, FEMA

GRAND BALLROOM C,D,E,F

GRAND BALLROOM C,D,E,F
CONCURRENT SESSIONS 1-6

3:30–5:00 pm
VENETIAN ROOM
1. URM Performance in Recent Earthquakes
Moderator: Dan Abrams, University of Illinois
Speakers:
Seismic Performance of Masonry Buildings after the 2009
L’Aquila Earthquake: Sergio Lagomarsino, University of
Genoa
Performance of Masonry Structures in Christchurch, New
Zealand during the 2010/2011 Earthquakes: Arturo Schultz,
University of Minnesota

PLENARY

LEARNING FROM THE PAST TO PROTECT THE FUTURE
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Performance of Unreinforced Masonry in Van, Turkey: Polat
Gulkan, Cankaya University
Expected Performance of URMs in Memphis: Richard Howe,
R. W. Howe & Associates

3:30–5:00 pm
SKYWAY ROOM
5. Preparedness and Response Lessons
Moderator:
Richard Eisner, FAIA, Consultant
Speakers:
Informal Online Communication ― Uses and Abuses of
Social Media in Disaster: Jeannette Sutton, University of
Colorado
Paul Jacks, URS Corporation
Counter-disaster Measures for People with Functional Needs
Following the Great East Japan Earthquake: Basic Facts,
Challenges and Their Solutions: Shig Tatsuki, Tatsuki Lab

3:30–5:00 pm
GRAND BALLROOM A & B
2. Critical Structures in Recent Earthquakes
Moderator:
Reginald DesRoches, Georgia Institute of Technology
Speakers:
Still in Harm’s Way: Learning, Sharing, and Applying Lessons
from School Damage in Recent Earthquakes: Yumai Wang,
Oregon DOGAMI
Container Ports: Glenn Rix, Georgia Institute of Technology
Lessons Learned from the Performance of Highway Bridges
in Recent Earthquakes: Ian Buckle, University of Nevada
Quantifying Loss of Function of Critical Building Systems due
to Recent Seismic Events: Judith Mitrani-Reiser, Johns
Hopkins University

3:30–5:00 pm
LOUIS XVI ROOM
6. Recovery Lessons
Moderator:
Robert Olshansky, University of Illinois
Speakers:
The Unique Qualities of Long-term Post-Disaster Recovery:
Robert Olshansky, University of Illinois
The National Disaster Recovery Framework: Deb Ingram,
FEMA
Hope: Bob Dixson, Mayor, Greensburg, Kansas

3:30–5:00 pm
HERNANDO DESOTO ROOM
3. Post-Earthquake Clearinghouses
Moderator:
Marjorie Greene, EERI
Speakers:
Advances in Post-Earthquake Clearinghouses: Robert Bauer,
Illinois Geological Survey
Douglas Bausch, FEMA
Successes and Challenges with Establishing Technical
Clearinghouses in the Central U.S. for the May 2011
National Level Earthquake Exercise: Rob Williams, USGS
Data Collection Tools for Earthquake Reconnaissance:
Charles Huyck, ImageCat

5:15–6:30 pm
EERI COMMITTEE MEETINGS

See p. 17

6:00–7:45 pm
CONTINENTAL BALLROOM
GENERAL RECEPTION & POSTER SESSION
6:00–9:00 pm
VENETIAN ROOM
SEISMIC COUNCIL & COMMISSIONS MEETING
8:00–10:00 pm
COMMUNITY EVENING PRESENTATIONS

3:30–5:00 pm
FOREST ROOM
4. Geotechnical Lessons
Moderator:
Russell Green, Virginia Tech
Speakers:
Geotechnical Lessons Learned from the M7.0 2010 Haiti
Earthquake: Why the Palace Fell: Brady Cox, University of
Arkansas

FOREST ROOM

THURSDAY, APRIL 12
Assessing Vulnerabilities
7 am–5 pm
REGISTRATION CONTINUES

EAST MEZZANINE

7:00–8:00 am
EERI COMMITTEE MEETINGS
6:30–8:00 am
CONTINENTAL BREAKFAST

Geotechnical Aspects of the M8.8 2010 Maule, Chile
Earthquake: Scott Olson, University of Illinois
An Overview of the Geotechnical Aspects of the 2010-2011
Canterbury, New Zealand Earthquake Sequence: Russell
Green, Virginia Tech
An overview of the Geotechnical Aspects of the March 11,
2011 Great East (Tohoku-Oki) Japan Earthquake: Shideh
Dashti, University of Colorado
So Many Earthquakes: What Has the Potential to Change
the Way We Do Business? Ellen Rathje, University of Texas

See p. 17
GRAND BALLROOM C,D,E,F

8:00–8:20 am
PLENARY
2010-11 EERI/FEMA NEHRP GRADUATE FELLOW: Moving
Minds, Moving Policy: What the City of Berkeley’s Soft-Story
Ordinance Can Teach Us About Motivating Property Owners
to Retrofit: Sharyl Rabinovici, University of California
Berkeley
8:20–9:00 am
2012 EERI DISTINGUISHED LECTURE
The New Normal for Natural Disasters:
Thomas O'Rourke, Cornell University

LEARNING FROM THE PAST TO PROTECT THE FUTURE
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1:30–3:00 pm
HERNANDO DESOTO ROOM
3. Incorporating Aftershocks in Risk Analysis
Moderator:
Oliver Boyd, USGS
Speakers:
Revising Canterbury, New Zealand, Seismic Levels to
Account for Time-Varying Hazard from Continuing Canterbury
Earthquake Sequence: Matt Gerstenberger, GNS Science
Post-Mainshock Probabilistic Risk Quantification: Why and
How? Nicolas Luco, USGS
Quantifying Mainshock-Aftershock Collapse Probabilities for
Woodframe Buildings: John van de Lindt, University of
Alabama
Aftershock Collapse Fragility for Mainshock-Damaged
Reinforced Concrete Buildings: Abbie Liel, University of
Colorado

9:00–10:30 am
PLENARY
LARGE, VULNERABLE AND CRITICAL INFRASTRUCTURE
Dams, bridges, and nuclear power plants: What can be done
to ensure their functioning without serious interruption after
an earthquake?
Moderator: Shahram Pezeshk, University of Memphis
Speakers:
Challenges to Dam Hazard Mitigation in the U.S.:
Sandra Knight, FEMA
Seismic Design Practice of the Tennessee Department of
Transportation: Ed Wasserman, Modjeski and Masters
A Reassessment of Seismic Hazards and Risk at Nuclear
Power Plants in the U.S.: Jon Ake, U.S. Nuclear Regulatory
Commission
10:30–11:00 am
BREAK

y

GRAND BALLROOM C,D,E,F

1:30–3:00 pm
GRAND BALLROOM A & B
4. Nuclear Power Plants: Fukushima & U.S.
Moderator: James Beavers, JEB Consultants
Speakers:
The Central and Eastern U.S. Seismic Source Characterization for Nuclear Facilities (CEUS SSC) Project: Larry
Salomone, EPRI Consultant
Challenges in Seismic Hazard Analyses in the U.S. in the 21st
Century: Are We Addressing the Extreme Events? Ivan Wong,
URS Corporation
The Fukushima Dai-Ichi Nuclear Plant Accident:
George Flanagan, Oak Ridge National Laboratory

11 am–12 noon
PLENARY
EARTHQUAKES AND CASCADING FAILURES
Moderator: Rob Williams, USGS
Speakers:
How Can Our Understanding of the Risk of Cascading
Failures Be Used to Help Build Resilience? Chris Poland,
Degenkolb Engineers
Cascading Failures in Catastrophic Earthquake Events ― The
Risk Finance Perspective: Craig Tillman, Weather Predict
Consulting
12:00–1:30 pm
GRAND TENNESSEE BALLROOM
LUNCHEON AND PRESENTATION
Timothy Galarnyk, Construction Risk Management,
Inspector America (History Channel)

1:30–3:00 pm
LOUIS XVI ROOM
5. Network Analysis: Complexity of Interdependency
Moderator:
Chris Poland, Degenkolb Engineers
Speakers:
A Three-Service Utility’s System Interdependencies: Analysis
and Mitigation Efforts: Rick Bowker, Memphis Light Gas &
Water
Understanding Interdependent Infrastructure Systems:
Modeling Insights and Practical Challenges: Leonardo
Duenas-Osorio, Rice University

CONCURRENT SESSIONS 1-6
1:30–3:00 pm
FOREST ROOM
1. Advances in Early Warning
Moderator:
Bill Steele, University of Washington
Speakers:
ShakeAlert: Earthquake Early Warning in the U.S.:
Doug Given, USGS; Peggy Hellweg, UC Berkeley;
John McPartland, BART

1:30–3:00 pm
SKYWAY ROOM
6. Community Preparedness
Moderator: Cecil Whaley, Tennessee EMA
Speakers:
Community Preparedness, Resilience, and Recovery:
Elaine Clyburn, W. Tenn. Seismic Safety Council
Earthquake Preparedness Initiatives Taken by the American
Red Cross: David Kitchen, American Red Cross
Memphis South Main Retrofit Demonstration Project:
Dmitry Ozeryansky, Ozeryansky Engineering
Ken Skalitzky, FEMA

1:30–3:00 pm
VENETIAN ROOM
2. Overcoming Barriers to Mitigation & Retrofitting
Moderator:
Sandra Knight, FEMA
Speakers:
Challenges in Seismic Retrofitting MLGW Facilities: Jay
Stressel, Memphis Light Gas & Water
University of Memphis Cecil Humphreys Law School Retrofit:
Scott Fleming, Fleming Assoc.
Memphis/Shelby County Building Code Adoption and
Challenges: Robert Paullus, Paullus Structural Consultants

LEARNING FROM THE PAST TO PROTECT THE FUTURE
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3:00–3:30 pm
BREAK

Wabash Valley Region: Oliver Boyd, USGS
Resilience Assessed by Comparing Scenarios’ Losses:
Robert Bauer, Illinois Geological Survey
Beyond Impacts: The Use and Benefits of the EERI New
Madrid Earthquake Scenarios: Greg Hempen, URS Corp.

GRAND BALLROOM C,D,E,F

3:30–5:00 pm
PLENARY
UNDERSTANDING AND COMMUNICATING RISK
What are effective means of understanding and communicating risks to the public and what are examples of
successful communication?
Moderator: Maiclaire Bolton, RMS
Speakers:
Earthquake Policy: Communicating Information to Those in
Power: John Bwarie, USGS

10:00–10:30 am
BREAK

10:30 am–12 noon
PLENARY
SEISMIC REHABILITATION & RETROFIT OF STRUCTURES
IN THE CENTRAL U.S. (CUS)
Moderator: James Beavers, JEB Consultants
Speakers:
Policies, Needs, and Drivers of Retrofit in the CUS:
Don Shaw, Missouri Seismic Safety Com.
Retrofit & Preservation of the National Civil Rights Museum,
Memphis: Rich Howe, R. W. Howe & Assoc.
Retrofitting in the CUS — A Federal Perspective:
Mike Mahoney, FEMA

Evaluating and Communicating Seismic Risk in LowProbability/High-Consequence Earthquake Regions:
Terry Tullis, Nat'l EQ Prediction Evaluation Council
From Awareness to Action: The Values-Based Message:
Kate Long, California EMA
Incorporating Societal Safety Issues into Businesses:
Lucy Arendt, University of Wisconsin
5:00–5:15 pm
CLOSING REMARKS, DAY 2

PLENARY

5:15–6:00 pm
EERI BUSINESS MEETING

PLENARY

12:00–1:45 pm
GRAND TENNESSEE BALLROOM
LUNCHEON: 9th ANNUAL SSA/EERI WILLIAM B. JOYNER
MEMORIAL LECTURE: Building Near Faults: Jonathan Bray,
UC Berkeley

6:00–7:30 pm
GRAND BALLROOM C,D,E,F
GENERAL RECEPTION & POSTER SESSION

1:45–2:00 pm
GRAND TENNESSEE BALLROOM
UNDERGRADUATE SEISMIC DESIGN COMPETITION
AWARDS CEREMONY

7:00–8:00 pm
LOUIS XVI ROOM
EERI SUBSCRIBING MEMBERS AND MAJOR DONORS
RECEPTION
8:00–10:00 pm
COMMUNITY EVENING PRESENTATIONS

2:00–3:30 pm
PLENARY
CREATING SAFE SCHOOLS
Moderator: Phillip Gould, Washington University
Speakers:
Disaster-Proof Schools: A National Challenge:
Nancy Bailey, Barry Welliver, & Edward Wolf
Oregon Schools ― Accelerating Seismic School Safety:
Yumei Wang, DOGAMI
Providing Safe Schools for our Students ― Washington State
Seismic Safety Committee School Assessment Pilot Project:
Cale Ash, Degenkolb Engineers, & John Schelling, WEMD
Life-Safety Risks to Schools from Earthquake Damage to
Nonstructural Components and Systems: Michael Griffin,
CCS Group
Earthquake Mitigation Grant:
Nicholas Thiele, Bloomfield (Missouri) R-14 School District

FOREST ROOM

FRIDAY, APRIL 13
Building Resilience
7 am–2 pm
REGISTRATION CONTINUES
7:00–8:00 am
EERI COMMITTEE MEETINGS
6:30–8:00 am
CONTINENTAL BREAKFAST

GRAND BALLROOM C,D,E,F

EAST MEZZANINE
See p. 17
GRAND BALLROOM C,D,E,F

8:00–10:00 am
PLENARY
CENTRAL U.S. EARTHQUAKE SCENARIOS & THEIR
IMPLICATIONS FOR MITIGATION, RESPONSE AND
RECOVERY
Moderator: Greg Hempen, URS Corporation
Speakers:
Impacts of New Madrid Seismic Zone Earthquakes on the
Central U.S.: TBA
Risk Implications of Alternative Views of the New Madrid
Seismic Hazard: Patricia Grossi, RMS
Magnitude 6 Earthquake Scenarios for the New Madrid-

3:30–4:00 pm
PLENARY
CLOSING KEYNOTE ADDRESS
Jack Hayes, National Earthquake Hazard Reduction
Program, National Institute of Standards and Technology
4:00–8:45 pm
FIELD TRIP TO LOCAL EARTHQUAKE-RESISTANT
FACILITIES

LEARNING FROM THE PAST TO PROTECT THE FUTURE
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9th ANNUAL UNDERGRADUATE
SEISMIC DESIGN COMPETITION
Organized by:
The Student Leadership Council of EERI

Event Calendar
SDC Day of Presentations
Wednesday, April 11, 2012
9:00 am to 12:00 pm

Presentations (group 1)

12:00 pm to 1:00 pm

Lunch Break

1:00 pm to 2:30 pm

Presentations (group 2)

2:30pm to 2:50 pm

Coffee Break

2:50 pm to 4:30 pm

Presentations (group 3)

4:30 pm to 6:00 pm

Break

6:00 pm to 7:30 pm

Poster Session

SDC Day of Shaking
Thursday, April 12, 2012
Shaking (group 1)

12:00 pm to 1:00 pm

Lunch Break

1:00 pm to 3:15 pm

Shaking (group 2)

3:15 pm to 3:45 pm

Coffee Break

3:45 pm to 6:00 pm

Shaking (group 3)

Lunch with Joyner Lecture and
Seismic Design Competition Awards

Contact us?
Web: http://slc.eeri.org
E-mail: sdc@eeri.org

9:00 am to 12:00 pm
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Friday, April 13, 2012
12:00 pm to 2:00 pm

2012 SEISMIC
DESIGN COMPETITION

Participating Schools

SLC Officers and Members

Brigham Young University
Cal Poly San Luis Obispo
California Polytechnic State Univ. Pomona
California State University, Los Angeles
Georgia Institute of Technology
Iowa State University
Oregon State University
Pennsylvania State University
San Diego State University
San Francisco State University
San Jose State University
Stanford University
Technical University of Cluj-Napoca
The State Univ. of New York, Univ. at Buffalo
The University of Memphis
The University of Texas at Arlington
University of British Columbia
University of California, Davis
University of California, Irvine
University of California, Los Angeles
University of California, San Diego
University of Illinois at Urbana-Champaign
University of Massachusetts Amherst
University of Missouri-Columbia
University of Nebraska - Lincoln
University of Notre Dame
University of Puerto Rico Mayaguez
University of Southern California
Veer Mata Jijabai Technological Institute

Vanessa Heckman (Co-President, Cal Tech)
Nima Tafazzoli (Co-President, UC Davis)
David Linton (SDC Co-Chair, OSU)
Michael Barnes (SDC Co-Chair, UC Berkeley)
Juan Murcia-Delso (SDC Co-Chair, UC San Diego)
Karthik Ramanathan (Student Chapter Liaison, GaTech)
Manny Hakhamaneshi (Treasurer, UC Davis)
Evgueni Filipov (Secretary, UIUC)
MingHei Cheng (Webmaster, Cal Tech)
Gerardo Rocha (Webmaster, UC Davis)
Mojtaba Malekmohammadi (Retreat Chair, Memphis)
Aziz Akthary (Member, CSUF)
Emel Seyhan (Member, UCLA)
Erica Fischer (Member, Purdue)
Irene Bendanillo (Member, CSUF)
Jazalyn Dukes (Member, Georgia Tech)
Konstantinos Oikonomou (Member, Buffalo)
Manuel Archila (Member, UBC)
Megan Boston (Member, BYU)
Omid Esmaili (Member, UC Irvine)
Rodrigo Astroza (Member, UC San Diego)
Timothy Wright (Member, Georgia Tech)
Many thanks to the generous sponsors of the 2012 SDC!
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EERI BOARD OF DIRECTORS
L. Thomas Tobin, President
Tom Tobin has worked on natural hazards, risk management and public policy issues for
47 years. He is a graduate of the University of California at Berkeley in civil engineering and has a Master of Science degree in geotechnical engineering from San José State
University. He served ten years as Executive Director of the California Seismic Safety
Commission. He has served on the NEHRP Advisory Committee and the California
State Historical Building Safety Board. He was EERI’s 1996 Distinguished Lecturer.
He was the founding secretary-treasurer of EERI’s Northern California Chapter and a
past chapter president. He received the 2004 Alfred E. Alquist Medal for Achievement
in Earthquake Safety. As a consultant, he works primarily for government agencies and
nonprofit organizations. He has worked with GeoHazards International for 17 years,
bringing resources and technical knowledge to developing countries, and he was comanager, for the Applied Technology Council, of the City of San Francisco’s Community
Action Plan for Seismic Safety project.

Ian Buckle, President-Elect
Ian Buckle is a Foundation Professor at the University of Nevada, Reno, and director of the
University’s Center for Civil Engineering Earthquake Research. He has previously served as
the deputy vice-chancellor (research), University of Auckland, New Zealand, and as the deputy
director of the National Center for Earthquake Engineering Research, University at Buffalo,
New York (now MCEER). In his current position he teaches structural engineering, conducts
research in the seismic performance of transportation structures, and serves on numerous
university and professional committees. He also directs the Large-Scale Structures Laboratory at Reno, and is principal investigator for the UNR NEES Equipment Site, one of fifteen
such sites established by the National Science Foundation in 2004 for earthquake engineering
experimental research. He served two terms as the first president of the Board of Directors
charged with setting up the nonprofit NEES Consortium to manage, operate, and maintain
the NEES Network of Equipment Sites and related cyberinfrastructure. He is a past chair of
the EERI Experimental Research Committee, past chair of the Special Projects and Initiatives
Committee, current member of the Honors Committee, and a member of the EERI reconnaissance teams to Chile and Japan. He is currently vice chair of the Caltrans Seismic Advisory
Board, and a member of the Board of Directors of the Nevada Earthquake Safety Council.

David A. Friedman, Vice President
David A. Friedman is a licensed structural engineer and senior principal, chair of the Board of
Directors, and former president and CEO of Forell/Elsesser Engineers Inc. in San Francisco.
At F/E for 31 years, he has had a deep involvement in many landmark projects including San
Francisco City Hall, the Asian Art Museum of San Francisco, the recently completed TaubeKoret Campus for Jewish Life in Palo Alto, and currently the Student Athlete High Performance
Center and the retrofit of California Memorial Stadium at UC Berkeley. He has been an active
member of EERI since 1988, including chairing the EERI Endowment Committee, chairing the
2010 Local Organizing Committee for the Annual Meeting in San Francisco, and serving on Development and Investments. His passionate advocacy for EERI’s role in advancing seismic risk
mitigation and in research and education led to his endowing the Visiting Professional program
in 1999 to insure its permanency. He also participated in two Learning from Earthquakes (LFE)
reconnaissance teams, 1993 in Kobe, Japan, and 2008 in Sichuan, China, and the subsequent
briefings on each event.
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EERI BOARD OF DIRECTORS (con’t)
Janiele Maffei, Secretary-Treasurer
Janiele Maffei is a graduate of UC Berkeley, where she obtained her AB degree in Architecture
and an MS in Civil Engineering. Maffei is a registered structural engineer who has worked
in the earthquake engineering industry for over 30 years. Her experience includes the design
of new building structures and seismic strengthening of existing structures.
She is current president of the Northern California Chapter of EERI. She worked on the
organizing committee of the 2010 EERI Annual Meeting in San Francisco. She is a member
of the Structural Engineers Association of California and served on their Board from 19951997. She participated in post-earthquake reconnaissance investigations following the Loma
Prieta and Northridge earthquakes.

Roberto T. Leon
Roberto T. Leon is currently a Burrows Professor of Engineering in the Via Department of
Civil Engineering at Virginia Tech. He earned his BSCE from the University of Massachusetts
at Amherst, his MSCE from Stanford University, and his Ph.D. from the University of Texas at
Austin. Over a 25-year career in experimental structural engineering, his research interests have
centered on dynamic behavior and design of composite and hybrid steel-concrete structures,
composite action in beam-slab systems, bond of reinforcement under cyclic loads, testing of
full-scale and model structures in the laboratory, and field instrumentation of structures. He has
been and remains extensively involved in technical committees of the Building Seismic Safety
Council, the American Institute of Steel Construction and the American Concrete Institute. He
is the co-author of a book on composite construction and a non-technical book on bridges and
tunnels, and is the author and co-author of over 80 articles in refereed journals. He currently
serves as president of the Board of Governors of the Structural Engineering Institute (SEI) of
ASCE and is past president of both the Consortium of Universities for Research in Earthquake
Engineering (CUREE) and the NSF Network for Earthquake Engineering Simulation (NEES).

Joe Maffei
Joe Maffei is a structural engineer and principal with Rutherford & Chekene Consulting
Engineers in San Francisco, which he joined in 1988. He directs projects involving expert
review, applied research, and advanced methods of seismic evaluation and design. He
earned a B.E. degree in civil engineering at Cooper Union, an M.S. in structural engineering at the University of Texas at Austin, and a Ph.D. in structural engineering at the
University of Canterbury, Christchurch, New Zealand. He was a member of the reconnaissance team and co-editor of the Spectra Special Issue on the 2002 Molise, Italy, earthquake. He is the first author of the EERI “beyond reconnaissance” publication, Recent
Italian Earthquakes: Examination of Structural Vulnerability, Damage, and Post-Earthquake
Practices. He has been a lead investigator and author on research projects and design and
policy guidelines for several organizations. Joe has received awards including a Fulbright
scholarship to New Zealand, a post-doctoral scholarship to Japan, and excellence in engineering awards for research guidelines from SEAONC and SEAOC.
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EERI BOARD OF DIRECTORS (con’t)
Ellen M. Rathje
Ellen M. Rathje, professor of geotechnical engineering in the Department of Civil,
Architectural, and Environmental Engineering at the University of Texas at Austin,
earned a B.S. in civil engineering from Cornell University, and M.S. and Ph.D. degrees from the University of California at Berkeley. She has been a faculty member
at UT since 1998. She has chaired the EERI Student Activities Committee, serves
as student chapter faculty advisor at UT, and has been a member of the Special
Projects and Initiative Committee. Her research focuses on geotechnical earthquake
engineering and engineering seismology. Her work has encompassed the seismic
stability of earth structures and slopes, strong ground motion and site response, liquefaction evaluation and soil improvement, and the application of remote sensing to
damage assessment. She has been involved in several post-earthquake reconnaissance
investigations. Her awards include the NSF CAREER Award, the Arthur Casagrande
Award from ASCE, the Shah Innovation Prize from EERI, and the Shamsher
Prakash International Research Award.

Kathleen Tierney
Kathleen Tierney is a professor in the Department of Sociology and the Institute of Behavioral Science and Director of the Natural Hazards Center at the University of Colorado at
Boulder. An EERI member since 1987, she was director of the Disaster Research Center at
the University of Delaware prior to moving to Colorado in 2003. Her research focuses on
social impacts of earthquakes and other hazards, and over time she has conducted studies on
the human and organizational dimensions of the many earthquakes and other disasters. She
is co-author of Facing the Unexpected: Disaster Preparedness and Response in the United States
(Joseph Henry Press 2001) and co-editor of Emergency Management: Principles and Practice
for Local Government (ICMA 2007). For 17 years, she was an investigator and coordinator
for the disaster response and recovery thrust area with MCEER. She has served twice on the
NEHRP Advisory Committee. She co-edited the ASCE journal Natural Hazards Review and
has also served on the editorial board of Earthquake Spectra. For many years, she served on
the EERI Learning from Earthquakes Committee, and is a current member of the Honors
Committee. In 2006, she received the EERI Distinguished Lecturer award—the first woman
and only sociologist to receive that honor.

Ivan Wong
Ivan Wong is a principal seismologist and vice president of URS Corporation in Oakland, California. He has more than 36 years of experience in the fields of engineering seismology and
seismic geology. A major focus in his career has been earthquake hazard reduction and awareness and public outreach. At URS, he has directed the seismic hazard evaluations of more
than 300 critical and important facilities worldwide, mostly for the federal government. He has
managed some of the largest seismic hazard evaluations performed in the U.S., including the
Yucca Mountain Project, the largest study ever performed. For FEMA, he has been involved
in the education and implementation of HAZUS in several areas in the U.S. He chairs the recently formed Working Group on Utah Earthquake Probabilities. Ivan has been a member of
EERI since 1976. He is a past president of the Northern California Chapter and past member of the Earthquake Spectra Editorial Board. He chaired the steering committee for EERI’s
NEHRP-sponsored “Earthquake Scenarios” Project and is on the organizing committee for
the first China/U.S. Symposium for the Advancement of Earthquake Sciences and Hazard
Mitigation Practices. .
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EERI SUBSCRIBING MEMBERS
DIAMOND LEVEL
Computers & Structures Inc
Ashraf Habibullah
1995 University Ave Ste 540
Berkeley, CA 94704
Tel: (510) 649‐2200
E‐mail: ashraf@csiberkeley.com
www.csiberkeley.com

PLATINUM LEVEL
Degenkolb Engineers

Stacy Bartoletti
235 Montgomery St Ste 500
San Francisco, CA 94104
Tel: (415) 392‐6952
Email:
sbartoletti@degenkolb.com
www.degenkolb.com
Pacific Gas & Electric Co
Marcia McLaren
245 Market St Rm 420
PO Box 770000 MC N4C
San Francisco, CA 94177
Tel: (415) 973‐0543
E‐mail: mkm2@pge.com
www.pge.com

GOLD LEVEL
California Earthquake Authority
Janiele Maffei
800 K St Ste 1000
Sacramento, CA 95814
Tel: (916) 325‐3815
E‐mail: maffeij@calquake.com
www.earthquakeauthority.com
John A. Martin & Associates Inc
Farzad Naeim
950 S Grand Ave 4th Fl
Los Angeles, CA 90015
Tel: (213) 483‐6490
E‐mail: farzad@johnmartin.com
www.johnmartin.com

Kinemetrics Inc
Mel Lund
222 Vista Ave
Pasadena, CA 91107
Tel: (626) 795‐2220
E‐mail: mfl@kmi.com
www.kmi.com

SILVER LEVEL
Digitexx Data Systems Inc
Angel‐Mark Sereci
4752 E Eden Dr
Cave Creek, AZ 85331
Tel: (626) 695‐4964
E‐mail: amsereci@digitexx.com
http://www.digitexx.com/
KPFF Consulting Engineers
John Gavan
6080 Center Dr Ste 300
Los Angeles, CA 90045
Tel: (310) 665‐1536
E‐mail: jgavan@kpff‐la.com
www.kpff.com
Risk Management Solutions Inc
Weimin Dong
7575 Gateway Blvd
Newark, CA 94560
Tel: (510) 505‐2500
E‐mail: weimind@rms.com
www.rms.com

BRONZE LEVEL
ABS Consulting Inc
Nathan Gould
77 Westport Plaza Ste 210
St Louis, MO 63146
Tel: (314) 819‐1550
Email: ngould@absconsulting.com
www.absconsulting.com
AIR Worldwide Corp
Paolo Bazzurro
388 Market St Ste 750
San Francisco, CA 94111
Tel: (415) 912‐3111
E‐mail: pbazzurro@air‐
worldwide.com
www.air‐worldwide.com
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AMEC
Marshall Lew
5628 E Slauson Ave
Los Angeles, CA 90040‐2922
Tel: (323) 889‐5300
E‐mail: marshall.lew@amec.com
http://www.amec.com/
American Institute of Steel
Construction
Nancy Gavlin
One E Wacker Dr Ste 700
Chicago, IL 60601
Tel: (312) 670‐2400
E‐mail: gavlin@aisc.org
www.aisc.org
Applied Technology Council
Chris Rojahn
201 Redwood Shores Pkwy Ste 240
Redwood City, CA 94065
Tel: (650) 595‐1542
E‐mail: crojahn@atcouncil.org
www.atcouncil.org
Arup
Nick Sherrow‐Groves
560 Mission St 7th Fl
San Francisco, CA 94105
Tel: (415) 957‐9445
E‐mail: nick.sherrow‐
groves@arup.com
www.arup.com
Atkins North America
R. Scott Lawson
1600 River Edge Pkwy NW Ste 600
Atlanta, GA 30328
Tel: (770) 933‐0280 ext 2540
E‐mail: srlawson@pbsj.com
www.atkinsglobal.com/locations/
north‐america
Bay Area Rapid Transit (BART)
Tracy Johnson
300 Lakeside Dr 17th Fl
Oakland, CA 94612
Tel: (510) 287‐4981
E‐mail: tjohnso@bart.gov
www.bart.gov

EERI SUBSCRIBING MEMBERS
Bechtel Corp
Kenneth Mark
c/o BART Earthquake Safety Project
300 Lakeside Dr 17th Fl
Oakland, CA 94604
Tel: (415) 341‐5617
E‐mail: kmark@bechtel.com
www.bechtel.com
CH2M HILL Inc
C. Yoga Chandran
6 Hutton Centre Dr Ste 700
Santa Ana, CA 92707
Tel: (714) 429‐2000
E‐mail: cyoga.chandran@ch2m.com
www.ch2m.com
COSMOS
Claire Johnson
c/o PEER – UC Berkeley
1301 S 46th St – Bldg 454 ‐ Rm 121
Richmond, CA 94804
Tel: (510) 665‐3437
E‐mail: cosmos@berkeley.edu
www.cosmos‐eq.org
Dynamic Isolation Systems Inc
Amarnath Kasalanati
885 Denmark Dr Ste 101
McCarran, NV 89434
Tel: (775) 359‐3333
E‐mail: akasalanati@dis‐inc.com
www.dis‐inc.com
Earthquake Protection Systems Inc
Julie Robinson
451 Azuar Dr
Mare Island ‐ Bldg 759
Vallejo, CA 94592
Tel: (707) 644‐5993
E‐mail:
julie@earthquakeprotection.com
www.earthquakeprotection.com
EBAA Iron Inc
Karl Miersemann
2 Padre Pkwy Ste 201
Rohnert Park, CA 94928
Tel: (707) 585‐0270
E‐mail: karlm@ebaa.com
www.ebaa.com

FM Global
Hosam Ali
1151 Boston‐Providence Hwy
Norwood, MA 02062
Tel: (781) 255‐4931
E‐mail: hosam.ali@fmglobal.com
www.fmglobal.com

International Code Council
Sylvana Ricciarini
500 New Jersey Ave NW 6th Fl
Washington DC 20001
Tel: (888) 422‐7233
E‐mail: sricciarini@iccsafe.org
www.iccsafe.org

Forell/Elsesser Engineers Inc
Simin Naaseh
160 Pine St 6th Fl
San Francisco, CA 94111
Tel: (415) 837‐0700
E‐mail: simin@forell.com
www.forell.com

Kleinfelder Inc
Zia Zafir
5015 Shoreham Pl
San Diego, CA 92122
Tel: (858) 320‐2000
E‐mail: zzafir@kleinfelder.com
www.kleinfelder.com

Fugro William Lettis & Associates
4155 Darley Ave Ste A
Boulder, CO 80303‐6536
Tel: (303) 499‐3000
http://www.riskeng.com/

Leighton & Associates
Andy Price
17781 Cowan St Ste 200
Irvine, CA 92614‐6009
Tel: (949) 250‐1421
E‐mail: aprice@leightongroup.com
www.leightongeo.com

GeoHazards International
Brian Tucker
855 El Camino Real Ste 200
200 Town & Country Village
Palo Alto, CA 94301
Tel: (650) 614‐9050
E‐mail: tucker@geohaz.org
www.geohaz.org
Gilsanz Murray Steficek LLP
Juliane Lacknett
129 W 27th St 5th Fl
New York, NY 10001
Tel: (212) 254‐0030
E‐mail: juliane.lacknett@gmsllp.com
www.gmsllp.com/
Hatch Mott MacDonald
Andrew Liu
16027 Ventura Blvd Ste 501
Los Angeles, CA 91436
Tel: (310) 359‐6014
E‐mail: andrew.liu@hatchmott.com
www.hatchmott.com
ImageCat Inc
Ron Eguchi
400 Oceangate Ste 1050
Long Beach, CA 90802
Tel: (562) 628‐1675
E‐mail: rte@imagecatinc.com
www.imagecatinc.com
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MCEER Earthquake Information
Service
Jerry Meyers
SUNY at Buffalo
304 Capen Hall
Buffalo, NY 14260
Tel: (716) 645‐5154
E‐mail: jemeyers@buffalo.edu
mceer.buffalo.edu
Miyamoto International Inc
Kayla Maclain
1450 Halyard Dr Ste 1
West Sacramento, CA 95691
Tel: (916) 373‐1995
E‐mail: kmaclain@
miyamotointernational.com
www.miyamotointernational.com
Nabih Youssef & Associates
Nabih Youssef
800 Wilshire Blvd Ste 200
Los Angeles, CA 90017
Tel: (213) 362‐0707
E‐mail: nabih@nyase.com
www.nyase.com

EERI SUBSCRIBING MEMBERS
Nanometrics Inc
Jeff Potter
250 Herzberg Rd
Kanata, ON K2K 2A1
Canada
Tel: (613) 592‐6776
E‐mail: jeffpotter@nanometrics.ca
www.nanometrics.ca
NEEScomm
Barbara Fossum
Purdue University
207 S Martin Jischke Dr Ste 301
West Lafayette, IN 47907‐1791
Tel: (765) 494‐6408
E‐mail: bfossum@purdue.edu
www.nees.org
Pacific EQ Engineering Research
Center (PEER)
Stephen Mahin
UC Berkeley
325 Davis Hall – MC1792
Berkeley, CA 94720
Tel: (510) 642‐3437
E‐mail: mahin@ce.berkeley.edu
peer.berkeley.edu
Paul C. Rizzo Associates Inc
Mike Edwards
500 Penn Center Blvd Ste 100
Pittsburgh, PA 15235
Tel: (412) 825‐2017
mike.edwards@rizzoassoc.com
www.rizzoassoc.com
Puerto Rico Strong Motion Program
Jose A. Martinez‐Cruzado
Civil Engineering & Surveying Dept
PO Box 9000
Mayaguez, PR 00681‐9000
Tel: (787) 832‐4040 ext 3406
E‐mail: jose.martinez44@upr.edu
prsmp.uprm.edu
Raito Inc
A. David Miller
1660 Factor Ave
San Leandro, CA 94577
Tel: (510) 346‐9840
E‐mail: admiller@raitoinc.com
www.raitoinc.com

Refraction Technology Inc
Paul Passmore
1600 Tenth St Ste A
Plano, TX 75074
Tel: (214) 440‐1265
E‐mail: p.passmore@reftek.com
www.reftek.com

Thornton‐Tomasetti
Mark Ellis
2211 Michelson Dr Ste 460
Irvine, CA 92612
Tel: (949) 271‐3300
Email: mellis@thorntontomasetti.com
www.thorntontomasetti.com

RenaissanceRe Risk Sciences
Foundation
Craig Tillman
3200 Atlantic Ave Ste 114
Raleigh, NC 27604
Tel: (919) 876‐3633
E‐mail: craig.tillman@renre.com
www.renre.com

URS Corp
Ivan Wong
1333 Broadway Ste 800
Oakland, CA 94612
Tel: (510) 874‐3014
E‐mail: ivan_wong@urscorp.com
www.urscorp.com

Rutherford & Chekene
Debbie Sommer
55 Second St Ste 600
San Francisco, CA 94105
Tel: (415) 568‐4400
E‐mail: dsommer@ruthchek.com
www.ruthchek.com
Shannon & Wilson Inc
William J. Perkins
400 N 34th St Ste 100
Seattle, WA 98103‐8636
Tel: (206) 632‐8020
E‐mail: wjp@shanwil.com
www.shannonwilson.com
Simpson Gumpertz & Heger Inc
Ron Hamburger
1 Market St Ste 600
San Francisco, CA 94105
Tel: (415) 495‐3700
E‐mail: rohamburger@sgh.com
www.sgh.com
Skidmore Owings & Merrill LLP
Peter Lee
One Front St
San Francisco, CA 94111
Tel: (415) 981‐1555
E‐mail: peter.lee@som.com
www.som.com
Taylor Devices Inc
Douglas Taylor
90 Taylor Dr
North Tonawanda, NY 14120
Tel: (716) 694‐0800
E‐mail: taylordevi@aol.com
www.taylordevices.com
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Walter P Moore
Rafael Sabelli
595 Market St Ste 950
San Francisco, CA 94105
Tel: (415) 963‐6300
E‐mail: rsabelli@walterpmoore.com
www.walterpmoore.com
Weidlinger Associates Inc
Stephanie King
375 Hudson St 12th Fl
New York, NY 10014
Tel: (650) 326‐2567
E‐mail: sking@wai.com
www.wai.com
Wiss Janney Elstner Associates Inc
Brian Kehoe
2000 Powell St Ste 1650
Emeryville, CA 94608
Tel: (510) 428‐2907
E‐mail: bkehoe@wje.com
www.wje.com

EERI TECHNICAL AND ADMINISTRATIVE COMMITTEE MEETINGS
WEDNESDAY, APRIL 11
7:00 to 8:00 a.m.
Housner Fellows Management
Chair: Wilfred Iwan

Magnolia Room
committee members only

Information Technology
Chair: Charles Huyck

Exeter Room
committee members only

Seismic Safety of Schools
Chair: Phillip Gould

Devonshire Room
5:15 to 6:15 p.m.

International Activities
Chair: Sudhir Jain

Magnolia Room

Public Policy & Advocacy
Chair: Arrietta Chakos

Ben Hollander Room

Younger Members
Chair: Nick Sherrow-Groves

Cockrell Room

THURSDAY, APRIL 12
7:00 to 8:00 a.m.
Social Science
Chair: Lucy Arendt

Ben Hollander Room

Strong Motion Forum
Chair: Marcia McLaren

Louis XVI Room
FRIDAY, APRIL 13
7:00 to 8:00 a.m.

Housner Fellows Program
Chair: Lucy Arendt

Cockrell Room
committee members only

World Housing Encyclopedia
Editorial Board
Chair: Dominik Lang

Ben Hollander Room
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EERI TECHNICAL AND ADMINISTRATIVE COMMITTEES
ADMINISTRATIVE COMMITTEES
2012 Annual Meeting

CHAIR

BOARD CONTACT

Jim Beavers

Ivan Wong

Earthquake Spectra Editorial Board

Polat Gulkan

Jay Berger

Endowment Development

L. Thomas Tobin

Tom Tobin

Honors

Craig Comartin

Kathleen Tierney

Housner Fellows

Wilfred Iwan

David Friedman

Information Technology

Charles Huyck

Ellen Rathje

International Activities

Sudhir Jain

Roberto Leon

LFE Reconnaissance Advisory

Jack Moehle

David Friedman

Membership

Ivan Wong

Ivan Wong

Nominating

Sharon Wood

Jay Berger

Oral History

Robert Reitherman

Joe Maffei

Public Policy & Advocacy

Arrietta Chakos

Janiele Maffei

Seismic Safety of Schools

Philip Gould

Ivan Wong

Shah Family Prize Selection

Pane Stojanovski

Ellen Rathje

Special Projects & Initiatives

Sharon Wood

Ian Buckle

Student Activities

Scott Olson

Ellen Rathje

Student Leadership Council

Vanessa Heckman & Nima Tafazzoli

Ellen Rathje

Technical Seminars

Jim Malley

Tom Tobin

WHE Editorial Board

Andrew Charleson

Janiele Maffei

Younger Members

Nick Sherrow-Groves

Roberto Leon

Heritage & Existing Structures

Ayhan Irfanoglu

Joe Maffei

Social Science Research

Lucy Arendt

Kathleen Tierney

Strong Motion Instrumentation

Marcia McLaren

Ellen Rathje

TBD

Ivan Wong

TECHNICAL COMMITTEES

AD HOC COMMITTEES
Publications Policy
LIAISONS:
Japan Association for Earthquake Engineering (JAEE):
Craig Comartin
Multi Hazard Mitigation Council (MHMC): Susan Tubbesing
Sociedad Mexicana de Ingeniería Sísmica (SMIS): Arturo
Tena-Colunga
Technical Council on Lifeline Earthquake Engineering (TCLEE):
Curtis Edwards

Australian Earthquake Engineering Society (AEES): Andrew
Whittaker
Advanced National Seismic System (ANSS): Greg Deierlein
(structures), Annie Kammerer (research), Jonathan Stewart
(geotech)
Applied Technology Council (ATC): Bret Lizundia
Building Seismic Safety Council (BSSC): Mel Greene
Consortium of Organizations for Strong-Motion Observation
Systems (COSMOS): Norman Abrahamson
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EERI Annual Awards
WEDNESDAY, APRIL 11:
•

George W. Housner Medal: Awarded by Tom Tobin to Helmut Krawinkler, Professor
Emeritus at Stanford University, in recognition of his extraordinary contributions to the
development and implementation of performance-based earthquake engineering.

•

Alfred E. Alquist Special Recognition Award: Presented by Tom Tobin to Phillip Gould,
Senior Professor at Washington University, St. Louis, in recognition of his many activities
as a tireless champion for earthquake awareness and risk reduction in the Central
United States.

THURSDAY, APRIL 12:
•

EERI Honorary Membership: Presented by Tom Tobin to:
o Polat Gülkan, Professor at Çankaya University, Ankara, Turkey
o Farzad Naeim, Vice President/General Counsel at John A. Martin & Associates, Inc.

•

Shah Family Innovation Prize: Awarded by Tom Tobin to Veronica Cedillos, Project
Manager at Geohazards International

THURSDAY, APRIL 12 (EERI Business Meeting)
•

Bruce Bolt Medal: To be awarded to Norman Abrahamson, Pacific Gas and Electric Co.,
announced by Tom Tobin

•

2011-12 EERI/FEMA NEHRP Graduate Fellow: Kevin Franke, Ph.D. candidate at Brigham
Young University, recognized by Tom Tobin.

FRIDAY, APRIL 13:
•

2010 Outstanding Earthquake Spectra Paper – Presented by Editor Polat Gűlkan to
Kishor Jaiswal and David Wald for “An Empirical Model for Global Earthquake Fatality
Estimation,” Volume 26, No. 4, pp. pp. 1017-1037.

•

EERI Annual Graphics Competition Winners recognized by Michael Germeraad:
o 1st place: Guillaume Roux-Fouillet for the “Haiti Seismic Resilience Calendar;”
o 2nd place: Carlos Sousa Oliveira for a research project graphic on “Seismic Risk in
Urban Systems;” and
o 3rd place: Brad Fleming for a video on “Pile Foundations in Soft Clay.”
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AMEC  Booth 31
www.amec.com
2101 Webster Street 12th Floor
Oakland, CA 94612
Phone: (510) 663-4100
AMEC geologists, geotechnical and
earthquake engineers, and environmental scientists are renowned
throughout the United States and
worldwide for their work to raise
awareness of owners and public
officials to potential risks associated
with earthquakes, hurricanes, extreme
winds, flooding and other natural
disasters, as well as environmental
hazards. AMEC has been helping to
safeguard communities form the effects
of those hazards.
Computers and Structures, Inc
Booth 15
www.csiberkeley.com
1995 University Avenue, Suite 540
Berkeley, CA 94704
Phone: (510) 649-2200
Fax: (510) 649-2299
Computers and Structures, Inc. (CSI) is
an innovative structural-engineeringsoftware company, based in Berkeley,
California, which serves licensing for
SAP2000, CSiBridge, ETABS, SAFE,
PERFORM-3D, and CSiCOL. These
products are widely recognized as
productive and intuitive engineering
platforms that couple with the most
sophisticated capabilities and advanced
analysis methods.
CREW  Booth 26
www.crew.org
P.O. Box 30875
Seattle, WA 98113-0875
Phone (206) 790-0923
Fax: (206) 577-8980
The Cascadia Region Earthquake
Workgroup (CREW) is a coalition of
private and public representatives
working together to improve the ability
of communities throughout the Cascadia Region to reduce the effects of
earthquakes and related hazards, such
as tsunami.

CUSEC  Booth 18
www.cusec.org
2630 E. Holmes Road
Memphis, TN 38118
Phone: (901) 544-3570
Fax: (901) 544-0544
Established in1983 with funding
support from FEMA, CUSEC's primary
mission is "...the reduction of deaths,
injuries, property damage and economic
losses resulting from earthquakes in the
Central United States." CUSEC's primary
objective is to provide dynamic support
to multi-state response and recovery
planning, resource acquisition; public
education and awareness' promotion;
mitigation, and research associated
with earthquake preparedness in the
Central United States. CUSEC Member
States are those most vulnerable to the
effects of earthquakes in the region and
include Alabama, Arkansas, Illinois,
Indiana, Kentucky, Mississippi,
Missouri, and Tennessee.
Degenkolb Engineers Booth 20
www.degenkolb.com
235 Montgomery Street, Suite 500
San Francisco, CA 94104
Phone: (415) 392-6952
Fax: (415) 981-3157
Established in 1940, Degenkolb
Engineers is one of the nation's leading
structural engineering firms in the
design and seismic strengthening of
buildings. Degenkolb offers comprehensive design, rehabilitation, and
consulting services to architects, building owners, hospitals, educational
institutions, corporations, and
government agencies.
Deployed Resources LLC
Booth 28
www.deployedresources.com
1709 N. George Street
Rome, NY 13440
Phone”: (919) 208-8832
Fax: (866) 270-0020

Dynamic Isolation Systems, Inc. 
Booth 5
www.dis-inc.com
885 Denmark Drive, Suite 101
McCarran, NV 89434
Phone: (775) 359-3333
Fax: (775) 359-3985
Dynamic Isolation Systems (DIS) is
the leader in the field of seismic
isolation around the world. DIS has
completed over 300 projects in 15
countries including several historic
structures, hospitals, emergency
centers, residential buildings and
bridges. The firm has been at the
forefront of development and
propagation of seismic isolation for
the past 25 years. Its expertise
stems from its vast design
experience, emphasis on making a
quality seismic product, superior
manufacturing techniques and
extensive testing of the product.
Earthquake Engineering
Research Institute
Booths 1 &2
www.eeri.org
499 14th Street, Suite 220
Oakland, CA 94612
Phone: (510) 451-0905
Fax: (510) 451-5411
As the principal national society of
engineers, geoscientists, architects,
planners, public officials, and social
scientists concerned about earthquakes and their effects, EERI fosters
communication to bridge the gap
between new knowledge, design,
practice, and policy. EERI produces a
wide variety of materials, including a
quarterly professional journal,
reconnaissance reports, a monthly
Newsletter, video downloads of
technical seminars, and CD-ROMs on
earthquake-related topics.

Deployed Resources is the single source
for temporary life support facilities for
disasters and emergency situations and
the U.S. military.
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EBAA Iron, Inc.  Booth 34
www.ebaa.com
2 Padre Parkway, Suite 201
Rohnert Park, CA 94928
Phone: (707) 585-0270
Fax: (707) 585-0254
A ductile foundry based in Eastland,
Texas, producing seismic pipe fittings
for water and sewer lines. These are
available in a size range from 3” to
48”. The Flex-Tend offers simultaneous deflection and expansion and
can be used above or below ground.
Emergency Disaster Services
Booth 39
emergencydisasterservices.com
1385 Pridemore Ct.
Lexington, KY 40505
(859) 255-0717
(859) 253-9790
Emergency Disaster Services (EDS)
specializes in off-premise food,
beverage, housing and support
services. EDS guarantees a readiness program without a financial
commitment. Their clients’ workforces are guaranteed immediate
on-demand services in the event of
an emergency.
ETC Building & Design Inc.
Booth 30
www.etcusa.net
6805 Nancy Ridge Drive
San Diego, CA 92121
Phone: (858) 554-1150
Fax: (858) 554-1151
ETC Building and Design Inc. is the
industry leader in the development,
manufacturing and installation of
earthquake mitigation in products,
including the patented Safe-T-Proof
Fastening System and the original
Quake Cottage mobile earthquake
simulater.

Federal Emergency Management
Agency (FEMA)  Booth 7
www.fema.gov
500 C Street, S.W., Room 416
Washington, DC 20472
Phone: (202) 646-2794
Fax: (202) 646-3990
FEMA provides leadership and support
to reduce losses from all types of
hazards through a program of mitigation, preparedness, response, and
recovery. FEMA’s activities under the
National Earthquake Hazard Reduction Program (NEHRP) contribute to
the Program mission: “To develop,
disseminate, and promote knowledge,
tools, and practices for earthquake
risk reduction — through coordinated
multidisciplinary interagency partnerships among the NEHRP agencies and
their stakeholders — that improve the
nation’s earthquake resilience in
public safety, economic strength, and
national security.
GeoSIG, Ltd.  Booth 33
www.geosig.com
Ahornweg 5A
5504 Othmarsingen, SWITZERLAND
Phone: +41 44 810 21 50
Fax: +41 44 810 2350
GeoSIG is a world leader in design and
manufacture of a diverse range of high
quality precision instruments for
vibration and earthquake monitoring for
dams, bridges, high-rises, power plants,
and other structures, as well as seismic
instrumentation for regional and
national networks. GeoSIG strives to
provide seismic monitoring solutions
that satisfy each customer’s needs with
the highest possible levels of
performance, durability, and reliability.

Güralp Systems, Ltd.  Booth 27
www.guralp.com
12 Southwood Dr.
Orinda, CA 94563 USA
Phone: 925-254-1357
Fax: (925) 254-1361
Güralp Systems Ltd is a world leader in
the design and manufacture of
seismometers, accelerometers, seismic
data acquisition systems, digitizers and
networking equipment for science and
engineering. Their instruments are in
use on all continents and in nearly all
ocean basins.
Hardy Frames, Inc.  Booth 14
www.hardyframe.com
14515 N Outer Forty
Chesterfield, MO 63017
Phone: (805) 477-0793
Fax: (805) 477-0993
MiTek subsidiaries Hardy Frames, Z4,
and SidePlate provide engineered
products and services for earthquake
resistance. Products include premanufactured stell shear walls, moment
frames and tie-down systems.
Hayward Baker Inc.  Booth 40
www.haywardbaker.com
1130 Annapolis Rd.
Suite 202
Odenton, MD 21113 USA
Phone: 410-551-8200
or 800-456-6548
Fax: (410) 551-1900
Hayward Baker is the leading geotechnical construction contractor in North
America and has performed liquefaction
mitigation at thousands of sites for both
new construction and existing structures. Hayward Baker is a member of
the international Keller group of companies and is ranked #1 Specialty
Foundation contractor by Engineering
News-Record.
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International Code Council (ICC)
Booth 36
Website: www.iccsafe.org
500 New Jersey Ave NW 6th Fl
Washington DC 20001
Tel: (888) 422-7233
Fax: (205) 599-9889
The International Code Council is a
membership association dedicated to
building safety and fire prevention
through the development of codes and
standards. Most U.S. cities, counties,
and states that adopt codes choose the
international codes developed by ICC.
JAFEC USA, Inc.  Booth 9
www.jafecusa.com
2025 Gateway Place, Suite 180
San Jose, CA 95110
Phone: (408) 642-4693
Fax: (408) 453-6114
Geotechnical constructors specializing
in ground improvement by deep soil
mixing, stone columns, sand compaction piles, deep power compaction, jet
grouting, compaction grouting and
maze.
Kamatics RWG.  Booth 32
www.kamatics.com
1330 Blue Hills Ave.
Bloomfield, CT 06002 USA
Phone:860-243-9704
Fax: (860) 243-7993
Kamatics Corporation, a subsidiary of
Kaman Corporation, is a leader in the
design and manufacture of high technology mechanical products, such as
self-lubricated bearings and driveline
couplings, used in aviation, marine,
hydropower and other industrial
applications.

Kinemetrics, Inc.  Booth 4
www.kinemetrics.com
222 Vista Avenue
Pasadena, CA 91107
Phone: (626) 795-2220
Fax: (626) 795-0868
Since 1969, Kinemetrics, Inc. has been
the world leader in seismic instrumentation for structural and environmental
monitoring systems. As an ISO 9001:
2008 Quality-Management-System
certified company, Kinemetrics currently
provides the highest quality manufacturing of reliable, robust and cutting-edge
technology products. The Open Systems
& Services group at Kinemetrics utilizes
the company’s unique experience to
design, develop, integrate, install, and
maintain state-of-the-art structural and
environmental monitoring solutions
from large turn-key system networks to
municipal code-compliant building
installations.
Kleinfelder  Booth 6
www.kleinfelder.com
5015 Shoreham Place
San Diego, CA 92122
Phone: (858) 320-2000
Fax: (858) 320-2001
Kleinfelder is an employee-owned
science, engineering and design
consulting firm providing solutions to
meet complex infrastructure and natural
resources challenges. Established in
1961, the firm has grown to over 2,000
employees serving global clients from
nearly 60 offices nationwide. Kleinfelder
is a leading provider of seismic hazards
and earthquake engineering services,
employing specialists with the expertise,
knowledge and resources to handle the
most demanding and challenging jobs.

Lifeguard Structures  Booth 38
www.lifeguardstructures.com
15000 Sunrise Drive
Bainbridge Island, WA 98110
Phone: (206) 595-7064
LifeGuard provides comprehensive
protection during an earthquake, from
the contents of a structure to a complete building collapse, protecting on
any floor. Affordable, portable and easy
to implement, LifeGuards stand ready to
support over 1,000,000 pounds. From
school desks to armored desks,
LifeGuard has dozens of solutions.
MCEER  Booth 11
www.mceer.buffalo.edu
University at Buffalo, SUNY
304 Capen Hall - SEL
Buffalo, NY 14260-2200
Tel: (716) 645-5154
Fax: (716) 645-3379
MCEER is a national center of
excellence that conducts multidisciplinary research, education, and
outreach to develop and disseminate new knowledge, tools and
technologies for intelligent infrastructure renewal and resilience
against earthquakes, multiple
hazards, and extreme events.
Micro-g LaCoste  Booth 24
www.scintrexltd.com
222 Snider Croft Road
Concord, ON L4K 2K1, Canada
Phone: (905) 669-2280
Fax: (905) 669-6403
Micro-g LaCoste manufactures
state-of-the-art gravity meters, which
can be used for investigations and
studies of the earth’s activities and
composition. Their meters are
suitable for use on land, air and sea.
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MTS Systems Corporation
Booth 23
www.mts.com
14000 Technology Drive
Eden Prairie, MN 55344
Phone: (952) 937-4454
Fax: (952) 937-4515
Across the globe, civil engineer-ing
researchers rely on MTS seismic
simulation systems to accurately
replicate earthquake ground motions in
controlled laboratory setings.
Nanometrics Inc.  Booth 8
www.nanometrics.ca
250 Herzberg Rd.
Kanata, ON K2K 2A1 CANADA
Phone: (613) 592-6776
Fax: (613) 592-5929
Nanometrics is a world-class provider of
precision instrumentation, network
technology and software applications
for seismological and environmental
research in geophysical and civil
engineering structural monitoring and
civil defense. Nanometrics’ real-time
and portable systems are in use on
every continent and in more than 100
countries.
NEEScomm  Booth 3
www.nees.org
Purdue University
207 S. Martin Jischke Drive
West Lafayette, IN 47907-1791
Phone: (765)494-0740
NEES is an NSF-supported, sharedresource, integrated network featuring
14 earthquake engineering experimental facilities that are available for testing
on-site, in the field, or through telepresence. It offers leading-edge cyberinfrastructure for research and education leading toward innovation to reduce
losses from earthquakes by improving
the seismic design and performance of
the U.S. civil infrastructure. Equipment
sites include: shake tables, geotechnical centrifuges, a tsunami wave basin,
unique large-scale testing laboratories,
and mobile and permanently installed
field equipment.

Pacific Earthquake Engineering
Research Center (PEER)  Booth 21
peer.berkeley.edu
325 Davis Hall MC 1792
University of California, Berkeley
Berkeley, CA 94720
Phone: (510) 642-3462
Fax: (510) 642-1655
PEER is a multi-institutional research
center focused on performance-based
earthquake engineering in disciplines
including structural and geotechnical
engineering, geology/seismology,
lifelines, transportation, risk
management, and public policy.
Phillips and Jordan  Booth 29
www.pandj.com
P.O. Box 604
Robbinsville, NC 28771
Phone: (828) 479-3371
Fax: (828) 479-3010
P&J is a general and specialty contractor established in 1952 with core
competencies that include debris
management. P & J provided debris
removal services following the 2010
tornadoes in Alabama for the U.S. Army
Corps of Engineers. The firm worked in
20 counties processing over 4 million
cubic yards of debris.
Raito, Inc.  Booth 22
www.raitoinc.com
23595 Cabot Blvd, Suite 106
Hayward, CA, 94545
Phone: (510) 259-9900
Fax: (510) 259-9901
Raito, Inc., a subsidiary of Raito Kogyo,
specializes in a wide range of civil
engineering fields from infrastructure to
subsurface construction. In the United
States, Raito Inc. concentrates on soil
mixing technologies. Applications
include foundation stabilization, liquefaction prevention, and seismic remediation of earth embankments.

Refraction Technology (REFTEK)
Booth 17
www.reftek.com
1600 10th Street, Suite A
Plano, TX 75074-8671
Phone: (214) 440-1265
Fax: (972) 578-0045
REF TEK has manufactured high quality,
advanced technology digital recording
instruments for imaging studies and
earthquake research worldwide since
1975. REF TEK recorders can be used
for both stand-alone and network
configurations without any hardware
modification.
Simpson Strong-Tie Company. Inc.
Booth 16
www.strongtie.com
2221 Country Lane
McKinney, TX 75069
Phone: (901)359-8933
An international maufacturer of
structural steel connections, prefabricated shear walls, moment frames,
multistory restraint systems, truss
plates, fiber reinforced products,
fasteners, mechanical anchors and
adhesives.
Star Seismic
Booth 37
www.starseismic.net
6300 N Sagewood Dr., Suite H #511
Park City, UT 84098
Phone: (435) 940-9222
Fax: (435) 655-0073
As a pioneer in structural and seismic
engineering in the United States, Star
Seismic constructs Buckling Restrained
Braces (BRB), which exceed all AISC
seismic provisions and building codes.
Our passion for structural engineering is
shown through our performance. In
addition to expertise in BRB's our
engineering teams have exhaustive
experience in construction, steel
fabrication, building and connection
design and desing-build project
management.

LEARNING FROM THE PAST TO PROTECT THE FUTURE
23

2012 EERI ANNUAL MEETING & NATIONAL EARTHQUAKE CONFERENCE

LIST OF EXHIBITORS
Taylor Devices, Inc.  Booth 10
www.taylordevices.com
90 Taylor Drive
North Tonawanda, NY 14120
Phone: 716-694-0800
Fax: (716) 695-6015
Taylor Devices is the world-leading
manufacturer of fluid viscous damping
devices, shock transmission units and
tuned mass dampers for earthquake,
wind and vibration protection of
buildings, bridges and many other
structures. Other products include lockup devices, fluid viscoelastic dampers,
cable dampers, liquid springs, crane
buffers and virtually any other custom
shock absorber product imaginable.
THK America Inc.  Booth 25
www.thk.com
200 East Commerce Dr.
Schaumburg, IL. 60173 USA
Phone: (847)-310-1111
Fax: (847) 310-1271
THK LM systems are used for key
components of isolation table which
prevents damage from seismic shocks.
THK isolation tables and systems are
easily installed and maintenance free.
U.S. Geological Survey
Booth 12
www.USGS.gov
3876 Central Avenue
Memphis, TN 38152
Phone: (901) 678-3920
Fax: (901) 678-4897

West TN Seismic Safety Commission
Booth 19
www.itmattersareyouprepared.org
Phone: (901) 678-5264
The West Tennessee Seismic Safety
Commission (WTSSC) has been tasked
to initiate, with the assistance of the
state, federal, and local government
agencies, a comprehensive program to
prepare the state for responding to a
major earthquake. The board represents the professional areas of
architecture, fire protection, public
utilities, engineering, geology or
seismology, local government, insurance, business, emergency health
services, nonprofit emergency
assistance, local education and
emergency management.
Worksafe Technologies  Booth 35
www.worksafetech.com
211 Hughes Lane
St. Charles, MO 63301
(636) 724-2075
(636) 925-2298

Western States Seismic Policy Council'
Booth 13
www.wsspc.org
801 K Street, Ste 1436
Sacramento, CA 95814
(916) 444-6816
(916) 444-8077
WSSPC's mission is to develp seismic
policies and share information to
promote programs intended to reduce
earthquake-related losses. WSSPC is a
regional earthquake consortium in the
western states and funded by the
Department of Homeland Security's
Federal Emergency Management
Agency and the U.S. Geological Survey.
WSSPC serves as an efficient clearinghouse for earthquake mitigation information and ideas, thus complementing
and supporting NEHRP goals.

Worksafe Technologies provides
nonstructural seismic mitigation for
sensitive equipment within data
centers, hospitals and laboratories
worldwide through seismic rated safety
products and patented base isolated
platforms and flooring systems.

The U.S. Geological Survey Earthquake
Hazards Program plays a lead role in the
national effort to mitigate earthquake
losses by developing and applying earth
science date and assessments essential for land-use planning, engineering
design, and emergency preparedness
decisions.
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SEISMIC HAZARD DESIGN ISSUES IN THE CENTRAL UNITED STATES
ASCE Symposium
April 10, 2012 - Memphis, TN
Background
$WWKH$GYLVRU\&RPPLWWHHRQ(DUWKTXDNH+D]DUGV5HGXFWLRQ $&(+5 PHHWLQJLQ1RYHPEHU
RI'U-LP&REE6WDWH*HRORJLVWDQG'LUHFWRURIWKH.HQWXFN\*HRORJLFDO6XUYH\
8QLYHUVLW\RI.HQWXFN\PDGHDSUHVHQWDWLRQRQWKHGHWULPHQWDOLPSDFWWKH,QWHUQDWLRQDO%XLOGLQJ
&RGHLVKDYLQJRQ:HVWHUQ.HQWXFN\2QRQHRIKLVVOLGHVKHVKRZHGDQ6'6YDOXHLQ
1RUWKZHVW7HQQHVVHHRIJWDNHQIURP)LJXUHRIWKH1(+533URYLVLRQV7KH
ORFDWLRQRIWKLVYDOXHLVDWWKHERWWRP VRXWKZHVW RI8QLRQ&RXQW\7HQQHVVHH7KHQRUWKHUQ
ERXQGDU\RI8QLRQ&RXQW\UHVWVRQWKHERUGHUEHWZHHQ7HQQHVVHHDQG.HQWXFN\
7KLVVHHPVWRSXW1RUWK:HVW7HQQHVVHHDQG:HVWHUQ.HQWXFN\LQDKLJKVHLVPLF]RQHDQG
DFFRUGLQJWRWKH,%&ZRXOGUHTXLUHDUHJLVWHUHGVWUXFWXUDOHQJLQHHUWREHLQYROYHGLQDQ\QHZ
KRPHFRQVWUXFWHGLQ:HVWHUQ.HQWXFN\DSRVLWLRQ'U&REEILQGVDQGH[WUHPHO\KDUPIXOWRWKH
UHVLGHQWVRI:HVWHUQ.HQWXFN\DQGXQQHFHVVDULO\H[SHQVLYHFDXVLQJKDUPWRGHYHORSPHQW
:KHQRQHORRNVDWWKH:HVW&RDVWYDOXHVLQ)LJXUHRQHILQGVWKDWWKHKLJKHVWYDOXHRQWKH
:HVW&RDVWLQFRPSDULVRQWRWKHJRQ)LJXUHLVJZKLFKLVRQDFRQWRXUOLQH
&RPSDULVRQRIWKHVHWZRYDOXHVIXUWKHUVXEVWDQWLDWHVWKHJHQHUDOVWDWHPHQWPDGHE\PDQ\
HQJLQHHUVDQGRIILFLDOVLQERWK7HQQHVVHHDQG.HQWXFN\WKDWWKH&HQWUDO86LVUHTXLUHGWR
GHVLJQEXLOGLQJVLQERWK:HVW7HQQHVVHHDQG:HVWHUQ.HQWXFN\IRUHDUWKTXDNHVWRDPXFK
KLJKHUVWDQGDUGWKDQLQ&DOLIRUQLD
$VDUHVXOWRI'U.REE¶VSUHVHQWDWLRQGLVFXVVHGDERYHDQGFRPPHQWVIURPRWKHUHQJLQHHUV
DQGRIILFLDOVLQWKH&HQWUDO8QLWHG6WDWHVWKH$PHULFDQ6RFLHW\RI&LYLO(QJLQHHUV¶ $6&( 
&RXQFLOIRU'LVDVWHU5LVN0DQDJHPHQW &'50 WKH&RXQFLOGHFLGHGWKDWDZRUNVKRSRQWKHVH
LVVXHVZDVLQRUGHUWRVKRZDQGH[SODLQWKDWWKHXVHRIWKH,QWHUQDWLRQDO%XLOGLQJ&RGHDQGWKH
$6&(6WDQGDUG$6&(LVUHDOO\GHVLJQLQJIRUPRUHDSSURSULDWHYDOXHVWKURXJKD³ULVNEDVHG
DSSURDFK´7KH³ULVNEDVHGDSSURDFK´SXWWKHGHVLJQRIEXLOGLQJVLQWKH&HQWUDO8QLWHG6WDWHVDW
DERXWWKHVDPHGHVLJQOHYHOVWKDWZHUHEHLQJXVHGLQSUHYLRXVFRGHVWKDWKDGEHHQDGRSWHG,Q
IDFWRQHRIWKHVSHDNHUVLQWKHZRUNVKRSZLOOEHWDONLQJDERXWFRVWFRPSDULVRQV
$IWHUWKHZRUNVKRSWKH&RXQFLOZLOOVHQGHDFKDWWHQGHHRQHFRS\RIWKHPRQRJUDSKWKDWZLOO
IXOO\GRFXPHQWHDFKDXWKRUVSUHVHQWDWLRQLHWKHSDSHUWKDWHDFKDXWKRUXVHGIRUSUHSDULQJ
WKHLUSUHVHQWDWLRQIRUWKHZRUNVKRS,IH[WUDFRSLHVDUHQHHGHGWKH\ZLOOEHDYDLODEOH
,QDGGLWLRQWREHLQJRUJDQL]HGDQGFRQGXFWHGE\$6&(¶V&'50WKHZRUNVKRSLVDOVREH
VXSSRUWHGE\WKH1DWLRQDO(DUWKTXDNH&RQIHUHQFH 1(& DQGWKH(DUWKTXDNH(QJLQHHULQJ
5HVHDUFK,QVWLWXWH ((5, DQGLVEHLQJKHOGDVSDUWRIWKH((5,$QQXDO0HHWLQJDQG1(&DWWKH
3HDERG\+RWHOLQ0HPSKLV7HQQHVVHH$SULOKWWSDPHHULRUJ
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DRAFT (December 31, 2011)
SEISMIC HAZARD DESIGN ISSUES IN THE CENTRAL UNITED STATES
AN ASCE SYMPOSIUM
April 10, 2012
DP

The Seismic Design Values, SDS, History and Issues-DPHV(%HDYHUV
-DPHV(%HDYHUV&RQVXOWDQWV.QR[YLOOH7HQQHVVHH &RQILUPHG 

DP

What is Today’s Seismic Risk in the Central US'U$UFK-RKQVWRQ&HQWHU
IRU(DUWKTXDNH,QIRUPDWLRQDQG5HVHDUFK8QLYHUVLW\RI0HPSKLV7HQQHVVHH
&RQILUPHG 

DP

Seismic Design for Schools in the Midwest, Lessons from the
State of Oregon0V<XPHL:DQJ6WDWHRI2UHJRQ &RQILUPHG 

The 2008 Sichuan earthquake in China and Implications for the Central
US, 'U&UDLJ7D\ORU0DQDJLQJ3DUWQHU%DVHOLQH0DQDJHPHQW&R,QF
7RUUDQFH&DOLIRUQLD &RQILUPHG 

DP

DP

Break

DP

A Multi-Hazard Perspective for the Central US0U3KLO6FKQHLGHU1DWLRQDO
,QVWLWXWHRI%XLOGLQJ6FLHQFHV:DVKLQJWRQ'& &RQILUPHG 

DP

Seismic Design of Lifelines in the Central US, 'U7RPDV2¶5RXUNH3DVW
3UHVLGHQWRI((5,3URIHVVRURI&LYLO(QJLQHHULQJ&RUQHO8QLYHUVLW\,WKDFD
1HZ<RUN &RQILUPHG 

SP

Major Changes in Spectra shapes for Critical Facilities, 0U-RH+XQW
%:;72DN5LGJH7HQQHVVHH &RQILUPHG 

SP

The International Building Code and the Tennessee Adoption Process,
0U5RQ0DXHU&KLHI3ODQ([DPLQHU.QR[&RXQW\.QR[YLOOH7HQQHVVHH
&RQILUPHG 

SP

Lunch

SP

Seismic Design in Western Kentucky'U=KHQPLQJ:DQJ8QLYHUVLW\RI
.HQWXFN\/H[LQJWRQ.HQWXFN\ &RQILUPHG 

SP

Seismic Design and ASCE 7'U-LP+DUULV-5+DUULV &RPSDQ\'HQYHU
&RORUDGR &RQILUPHG 

SP

Seismic Design in Memphis is not Designing to California, The Risk
Targeted Approach'U1LFR/XFR86*HRORJLFDO6XUYH\ &RQILUPHG 
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SP

Break

SP

New Directions, i.e., Design Costs of the National Earthquake Hazards
Reduction Program'U-DFN+D\HV1DWLRQDO,QVWLWXWHRI6WDQGDUGVDQG
7HFKQRORJ\ &RQILUPHG 

SP

Developing Resiliency Measures to Reduce Seismic Hazard Impact in the
Central United Sates'U9LODV0XMXPGDU&RQVXOWDQW9LHQQD9$
&RQILUPHG

SP

Summary, 'U-DPHV(%HDYHUV-DPHV(%HDYHUV&RQVXOWDQWV.QR[YLOOH
7HQQHVVHH &RQILUPHG 

SP

Close of Workshop
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National Earthquake Program Managers Meeting
Tuesday, April 10, 2012
The Peabody Hotel, Skyway Room
Memphis, Tennessee
8:00 ‐ 8:15 am

Welcome and Opening Remarks
• Tennessee Emergency Management – Cecil Whaley
• FEMA ‐ David Miller, Sandra Knight

8:15 ‐ 8:30

Participant Introductions

8:30 ‐ 9:00

State Earthquake Assistance Program Funding Update
• FEMA ‐ Ed Laatsch, David Miller

9:00 ‐ 9:15

FEMA Regional Highlights

9:15 ‐ 10:00

State Earthquake Program Highlights
• States & Territories

10:00 ‐ 10:15

Break

10:15 ‐ 10:45

State Earthquake Program Highlights
• States & Territories

10:45 ‐ 11:30

Consortia Highlights
• CUSEC, NESEC, WSSPC, CREW

11:30 ‐ 12:30 pm

LUNCH ‐ no host; map of local restaurants to be provided

12:30 ‐ 1:00

FEMA Headquarters Briefing
• Building Codes
• Rover
• Other Issues

1:00 ‐ 1:30

Senior State Earthquake Program Managers Leadership Panel
• Bob Carey, UT
• Kate Long, CA
• Tammie Wells, SC
• Cecil Whaley, TN

1:30 ‐ 2:20

Strategic Planning for the Future of NEHRP & NEPM
Facilitated Group Discussion Lead by Ed Laatsch, FEMA
• FEMA NEHRP Strategic Plan
• NEPM Action Items
• NEPM Wrap Up

2:20 ‐ 2:30

Summary and Closing Remarks
• Tennessee Emergency Management – Cecil Whaley
o 2013 NEPM Meeting
• FEMA ‐ Ed Laatsch
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Pre-Conference Event
EERI Annual Meeting/National Earthquake Conference

NEW MADRID EARTHQUAKE SCENARIOS’ WORKSHOP
April 10, 2012 y 9:00 a.m. – 2:00 p.m.
Background
The New Madrid Chapter of EERI began consideration of an activity for the New Madrid
Earthquake Series Bicentennial about a decade ago. The activity developed into the New Madrid
Earthquake Scenarios (NMES). A free workshop (schedule attached) has been developed to
present the NMES to interested parties.
The NMES Project was originally going to be an evaluation of a single catastrophic
earthquake. A Catastrophic Earthquake Assessment in the Central U.S. was conducted by at least
three other intervening studies (Olshansky, Wu, & French, 2003; Elnashai, et al, 2009; & FEMA,
2011). Seismic studies and other allied fields continued to advance and allow better assessment
earthquake losses. The Executive Committee of the NMES decided to appraise separate scenario
events for six areas after conducting stakeholder meetings. The NMES resolved the likely
regional earthquakes for any 50-year period with some involvement from the U.S. Geological
Survey. The scenarios’ “probable earthquakes” were evaluated to resolve “likely earthquake
impacts” for each of the six areas. The NMES compared loss estimates of “likely earthquake
impacts” to the loss estimates of a single, catastrophic event’s (National Level Exercise 2011’s,
NLE-11’s, FEMA, 2011) impacts.
The web-based (http://www.eeri.org/projects/earthquake-scenarios/new-madridearthquake-scenarios/) reporting is the completion of the NMES’ development phase. An
implementation phase is envisioned to continue the benefits of the NMES and to recognize other
important works to improve preparedness and reduce potential seismic impacts in the region.
References
Elnashai, A.S., T. Jefferson, F. Fiedrich, L.J. Cleveland and T. Gress (2009). Impact of New
Madrid Seismic Zone Earthquakes on Central USA. Mid-America Earthquake Center Report,
No. 09-03, Vol. I, 153 pp. & Vol. II, 784 pp.
Federal Emergency Management Agency (2011). Input and output files of the Multi-hazard Loss
Estimation Methodology, Earthquake Model, Hazus®–MH MR5, for the National Level
Exercise 2011, personal communication with Douglas Bausch, FEMA.
Olshansky, R., Y. Wu, and S. French (2003). Evaluating Earthquake Risk in Mid-American
Communities. Mid-America Earthquake Center, Final Report, Project SE-5 (Earthquake Loss
Estimate Methods for Essential Facilities), 131 pp.
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New Madrid Earthquake Scenarios Workshop
Tuesday, April 10th, 2012
9:00 a.m. – 2:00 p.m. y Venetian Room, Peabody Memphis

0900-0920

Overview of the New Madrid Earthquake Scenarios: Greg Hempen,
Geophysicist, URS Corporation, greg.hempen@urs.com

0920-0945

Determination of the Ground Motions for the Scenarios’ Earthquakes:
Chris Cramer, Seismologist, University of Memphis, CERI,
ccramer@memphis.edu

0945-1005

USGS ShakeMap and PAGER Earthquake Products for the Scenarios:
Robert Williams (Central & Eastern US Earthquake Hazards
Coordinator, rawilliams@usgs.gov), Vince Quitoriano, David Wald, US
Geological Survey, and Chris Cramer, University of Memphis

1005-1030

HAZUS Runs for the NMES: Shanna Michael, GIS Specialist, AECOM
Water, shanna.michael@aecom.com

1030-1045

Break

1045-1130

Comparison of the varied scenarios’ HAZUS Output: Robert A. Bauer,
Engineering Geologist, Illinois State Geological Survey,
rabauer@illinois.edu

1130-1300

Lunch on your own

1300-1320

Value of the NMES to the Public and Emergency Management: Arleen
Hill, Associate Professor, University of Memphis,
aahill@memphis.edu

1320-1340

Value of the NMES to the Engineering Community: Nathan Gould,
Director, ABS Consulting, NGould@absconsulting.com

1340-1400

Value of the NMES to the Private Sector: Rose Grant, Program Director,
State Farm Insurance Companies, rose.grant.gsxj@statefarm.com

31

National Earthquake Conference Public Panel Workshop Agenda
Tuesday, April 10, 7:00 to 9:30 pm, free and open to public, seating for 250
Summary: A cross disciplinary public panel on historic URM maintenance, repair, and retrofit as
it applies to the South Main Historic District and the greater Mid-South. We will focus on the
Retrofit Demonstration Project that is being organized here (please see attached flyer). Technical
and non-technical speakers will speak for 10 to 15 minutes each to give a multi-facetted snapshot
of the project and what it means to the city.
Session Motivation: To focus on smaller, older, often historic, and usually privately owned,
store-front style buildings (Occupancy Category II, Performance Category: Life Safety or Collapse
Prevention), especially with wood frame floors and roofs. Uses tend to be commercial or
residential. These buildings are very common in the central US, as well as elsewhere. As a rule
they have no rational lateral force resisting system or detailing. Some are poorly constructed
and/or maintained. They were originally built on a tight budget and without design professionals
involved, with a design life of about 100 years. However over the last generation they have come
back into fashion, are experiencing reinvestment, are valued as historically important, and in
Memphis are the sites of vibrant culture, strong communities, small businesses, art galleries, and
some of the best food and drink establishments in town.
So while the community is investing in them, the opportunity this presents for seismic and natural
hazard mitigation measures is usually missed. There is a lack of direction and clarity on this issue
from local governments, while design and construction professionals often defer to the status-quo
of doing nothing to improve lateral force resistance and integrity. Some of the common
characteristics of this building type in the New Madrid region:
• No jurisdictions have passed ordinances and few have consistently enforced existing
codes to address these buildings.
• Many of these buildings are in economically challenged, yet culturally important and
rapidly gentrifying areas. However, due to lower property values, large resources cannot
be deployed to retrofit them.
• The most likely earthquakes they will face in the near future are somewhat smaller than
on the west coast.
• They generally do not get as much attention from the earthquake engineering community
as larger, more modern, or more important structures.
• Many structural and policy lessons about how to approach these buildings can be derived
from years of experience on the West Coast and Utah.
• The attitude of the public, government, and building industry are substantially different
than on the west coast. For instance, the ability for cities to pass mandatory retrofit
ordinances is extremely unlikely.
Sample Inventory and Modeling: As part of out effort, we are conducting before and after retrofit
modeling using HAZUS for a pilot inventory of 105 buildings in the neighborhood.

The South Main Retrofit Demonstration Project lays out a roadmap to address these issues.
We are working with the community and our partners to develop strategies that could lead to
most of these buildings being retrofit within 25 years. These buildings are about 100 years old,
Memphis has begun to reclaim them from decay, and repurpose them for contemporary uses.
Our goal is to prepare them to last another 100 years.
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Session Presentations:
Opening Remarks: Paul Young, Director, Memphis/Shelby County Office of

Sustainability
Moderator: Joey Hagan, Architecture Inc.

Film: “Urban Magnets: South Main Historic District”, by Crosstown Arts (8 min)
http://vimeo.com/36668734
Topic 1: Community Organizing for Social Change: South Main Retrofit Demonstration
Project Design and Development Overview, Dmitry Ozeryansky
Topic 2: Memphis Context 1: The South Main Neighborhood history and importance of
main street style historic buildings to the region – June West, Memphis Heritage
Topic 3: Scenario Selection: Basis for using a magnitude 6.5 event as a design basis for
the South Main design, Chris Cramer, U of M
Topic 4: Lessons from Christchurch, New Zealand, Damage to Main St. URM buildings
with and without retrofit– Justin Marshall, Auburn University
Topic 5: Community Resiliency: What does it take to get to “resilient”? How does this
project figure in? – Elaine Clyburn, Red Cross, West TN Seismic Safety Commission

Topic 6: Case Study: Schematic design and pricing for two typical South Main buildings
– Andrew Kizzee, SSR Inc.
Topic 7: Memphis Context 2: The role of building codes and departments in Memphis
URM retrofit scenarios– Terry Hughes, Code Solutions Group LLC
Topic 8: A Preservationist Planners Perspective - Laura Saija, U of M, City and Regional
Planning
Panel Discussion
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SOUTH MAIN DISTRICT
SEISMIC RETROFIT AND HISTORIC CONSERVATION DEMONSTRATION PROJECT
“for a more resilient and sustainable community”

the dialogue on seismic preparedness

A

“shake up”
in Memphis.

unique opportunity presents itself to

seismic retrofit demonstration project is

planned for a particularly vulnerable yet culturally
important neighborhood.

IMAGE: SOUTHMAINMEMPHIS.NET

The project is intended
to coincide with next years National Earthquake
Conference held on the occasion of the 200th
Anniversary of the great 1811-1812 Earthquakes
on the New Madrid fault.

Our goal is to educate the public, the building industry, and local governments on
the subject of multi-hazard preparedness and proper conservation measures for
aging brick buildings.
Our plan is to organize and raise money for an initiative to construct a seismic
retrofit demonstration project on South Main. After construction, the storefront
space will be open to the public and used as a temporary event and educational
space with displays and a product showcase.
Programming will include:
- For the public, events that increase understanding of the hazard and
risk posed by earthquakes.
- For building industry folks, workshops of best methods and practices,
and new technologies.
We

want to

:

1. PROTECT PEOPLE AND PROPERTY FROM HARM
2. NURTURE LOCAL AND SMALL BUSINESSES
3. PRESERVE OUR CULTURAL HERITAGE

Failing Facade:
Aging veneer was
about to fall off
of this South Main
building.

Christchurch
Earthquake 2010:
Many retrofit brick
buildings were
undamaged by the
earthquake.
For more information, please contact:

4. SHOWCASE LOW COST SOLUTIONS THAT BRING BIG BENEFITS

dmitry@ozerengineering.com or call 901-305-6540
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FLYER DESIGN: ALLISON HENNIE

A

The South Main Historic District is an inspiring
Memphis’ culture and downtown revitalization.

example of

THE TIME IS NOW

But most of the great old buildings that line South Main are of
brick bearing wall construction. These buildings represent the most
seismically vulnerable building types in Memphis because the brick
walls are unreinforced and the buildings were built without any
lateral force resisting features. However, when properly strengthened
and maintained, the hazards can be substantially reduced: from
earthquakes, to storms and tornadoes, to long term wear by the
elements.

Memphis is currently in a time of transition, and a new generation is
committed to a bright future for the city. With the recent kickoff of the
Sustainable Shelby Plan, Memphis envisions itself a regional leader
in the green and sustainability movement. As mayor AC Wharton
recently said: Let’s “take advantage of the rebirth of spirit that this
city is now undergoing.”
This spirit coincides with the earthquake bicentennial, as well as
recent earthquakes in our region, and a nationwide consciousness
of community resiliency . So let’s seize the opportunity, let’s invest
in one of our greatest neighborhoods and build a foundation to
preserve it’s unique heritage for years to come.

We believe that many of these buildings, which are highly
vulnerable to even moderate shaking can be successfully retrofit for
a reasonable cost.
For instance, anchorage of the timber roof joists to brick walls
and parapets by through-bolting (usually visible as rows of castiron washers or ‘stars’ on the outside of the building), has been
implemented all over the world for brick buildings and field-tested
by many earthquakes.

We hope you will join us!
For more information, to support the project, or to have your
building considered, please contact :

THE VISION

dmitry@ozerengineering.com or call 901-305-6540

A few of the buildings in the neighborhood, such as the National
Civil Rights Museum Annex, have been strengthened over the years,
but the majority have not. We believe that confronting this problem
will be good for Memphis economically, it will protect people’s lives
and investments, and the independent, local businesses that are most
vulnerable to disruption; it will preserve our cultural heritage for
years to come and make Memphis a more resilient and sustainable
city.

Christchurch,
New Zealand Earthquake 2010:
Brick buildings lacking
anchorage of walls to floors
suffer collapse.

Structural Engineers Assoc. of TN
West Region
Earthquake Engineering
Research Institute

Center for Earthquake Research
and Information
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2012 EERI ANNUAL MEETING & NATIONAL EARTHQUAKE CONFERENCE
1:30–3:00 pm
PLENARY
LESSONS FROM RECENT EARTHQUAKES, PT. 2: Built
Environment, Preparation and Response, Societal Impacts
Moderator: Bill Anderson, Independent Consultant
Speakers:
Performance of the Built Environment in Recent Earthquakes: Jack Moehle, UC Berkeley
Preparedness and Response Lessons: Rich Eisner, FAIA,
Consultant
Societal Impacts: Kathleen Tierney, University of Colorado

WEDNESDAY, APRIL 11
Learning from Earthquakes
ALL PLENARY SESSIONS ARE HELD IN
GRAND BALLROOM A&B
7 am–5 pm
REGISTRATION CONTINUES
6:30–8:00 am
CONTINENTAL BREAKFAST

EAST MEZZANINE
GRAND BALLROOM C,D,E,F

7:30 am–6 pm
CONTINENTAL BALLROOM
9th ANNUAL UNDERGRADUATE SEISMIC DESIGN
COMPETITION: Wednesday & Thursday
7:00–8:00 am
EERI COMMITTEE MEETINGS

3:00–3:30 pm
BREAK

See p. 17

CONCURRENT SESSIONS 1-6
3:30–5:00 pm
VENETIAN ROOM
1. URM Performance in Recent Earthquakes
Moderator: Dan Abrams, University of Illinois
Speakers:
Seismic Performance of Masonry Buildings after the 2009
L’Aquila Earthquake: Sergio Lagomarsino, University of
Genoa
Performance of Masonry Structures in Christchurch, New
Zealand during the 2010/2011 Earthquakes: Arturo Schultz,
University of Minnesota
Performance of Unreinforced Masonry in Van, Turkey: Polat
Gulkan, Cankaya University
Expected Performance of URMs in Memphis: Richard Howe,
R. W. Howe & Associates

8:00–8:30 am
PLENARY
WELCOME AND OPENING REMARKS
Thomas Tobin, President, EERI
Paul Parmenter, CUSEC Board Chairman
David Miller, Associate Administrator, Federal Insurance
and Mitigation Administration, FEMA
8:30–9:00 am
OPENING KEYNOTE ADDRESS
Timothy Manning, Deputy Administrator for
National Preparedness, FEMA

PLENARY

9:00–10:30 am
PLENARY
LESSONS FROM RECENT EARTHQUAKES, PT. 1:
Seismology, Tsunami, & Geotechnical Engineering
Moderator: David Applegate, USGS
Speakers:
The Handwriting on the Wall -― Seismological Lessons from
Recent Earthquakes: David Wald, USGS
Learning from the Past to Protect the Future -― Tsunamis:
Lori Dengler, Humboldt State University
Geotechnical Lessons from the 2011 Great East Japan
Earthquake and the 2010-11 Christchurch Earthquakes:
Ross Boulanger, UC Davis
10:00–10:30 am
BREAK

GRAND BALLROOM C,D,E,F

3:30–5:00 pm
GRAND BALLROOM A & B
2. Critical Structures in Recent Earthquakes
Moderator:
Reginald DesRoches, Georgia Institute of Technology
Speakers:
Still in Harm’s Way: Learning, Sharing, and Applying Lessons
from School Damage in Recent Earthquakes: Yumai Wang,
Oregon DOGAMI
Container Ports: Glenn Rix, Georgia Institute of Technology
Lessons Learned from the Performance of Highway Bridges
in Recent Earthquakes: Ian Buckle, University of Nevada
Quantifying Loss of Function of Critical Building Systems due
to Recent Seismic Events: Judith Mitrani-Reiser, Johns
Hopkins University

GRAND BALLROOM C,D,E,F

10:30 am-12 noon
PLENARY
LESSONS FOR TODAY FROM THE 1811–1812 NEW
MADRID EARTHQUAKES & BICENTENNIAL EVENTS
Moderator: Jim Wilkinson, CUSEC
Speakers:
Historical Impact of the 1811-12 Earthquakes: Conevery
Bolton Valencius, University of Massachusetts
Earthquakes of 1811-12, Gary Patterson, University of
Memphis
The New Madrid Earthquakes Bicentennial: A Teachable
Moment? Chris Cramer, University of Memphis

3:30–5:00 pm
HERNANDO DESOTO ROOM
3. Post-Earthquake Clearinghouses
Moderator:
Marjorie Greene, EERI
Speakers:
Advances in Post-Earthquake Clearinghouses: Robert Bauer,
Illinois Geological Survey
Douglas Bausch, FEMA
Successes and Challenges with Establishing Technical

12:00–1:30 pm
TENNESSEE EXHIBIT HALL
LUNCH & AWARDS PRESENTATIONS

LEARNING FROM THE PAST TO PROTECT THE FUTURE
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2012 EERI ANNUAL MEETING & NATIONAL EARTHQUAKE CONFERENCE
Speakers:
Informal Online Communication ― Uses and Abuses of
Social Media in Disaster: Jeannette Sutton, University of
Colorado
Paul Jacks, URS Corporation
Counter-disaster Measures for People with Functional Needs
Following the Great East Japan Earthquake: Basic Facts,
Challenges and Their Solutions: Shig Tatsuki, Tatsuki Lab

Clearinghouses in the Central U.S. for the May 2011
National Level Earthquake Exercise: Rob Williams, USGS
Data Collection Tools for Earthquake Reconnaissance:
Charles Huyck, ImageCat
3:30–5:00 pm
FOREST ROOM
4. Geotechnical Lessons
Moderator:
Russell Green, Virginia Tech
Speakers:
Geotechnical Lessons Learned from the M7.0 2010 Haiti
Earthquake: Why the Palace Fell: Brady Cox, University of
Arkansas

3:30–5:00 pm
LOUIS XVI ROOM
6. Recovery Lessons
Moderator:
Robert Olshansky, University of Illinois
Speakers:
The Unique Qualities of Long-term Post-Disaster Recovery:
Robert Olshansky, University of Illinois
The National Disaster Recovery Framework: Deb Ingram,
FEMA
Hope: Bob Dixson, Mayor, Greensburg, Kansas

Geotechnical Aspects of the M8.8 2010 Maule, Chile
Earthquake: Scott Olson, University of Illinois
An Overview of the Geotechnical Aspects of the 2010-2011
Canterbury, New Zealand Earthquake Sequence: Russell
Green, Virginia Tech
An overview of the Geotechnical Aspects of the March 11,
2011 Great East (Tohoku-Oki) Japan Earthquake: Shideh
Dashti, University of Colorado
So Many Earthquakes: What Has the Potential to Change
the Way We Do Business? Ellen Rathje, University of Texas

5:15–6:30 pm
EERI COMMITTEE MEETINGS

See p. 17

6:00–7:45 pm
CONTINENTAL BALLROOM
GENERAL RECEPTION & POSTER SESSION

3:30–5:00 pm
SKYWAY ROOM
5. Preparedness and Response Lessons
Moderator:
Richard Eisner, FAIA, Consultant

6:00–9:00 pm
VENETIAN ROOM
SEISMIC COUNCIL & COMMISSIONS MEETING
8:00–10:00 pm
COMMUNITY EVENING PRESENTATIONS

LEARNING FROM THE PAST TO PROTECT THE FUTURE
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FOREST ROOM

L. Thomas Tobin
EERI President
Tom Tobin has worked on natural hazards, risk management and public policy issues for 47 years.
He is a graduate of the University of California at Berkeley in civil engineering and has a Master
of Science degree in geotechnical engineering from San José State University. He served ten
years as Executive Director of the California Seismic Safety Commission. He has served on the
NEHRP Advisory Committee and the California State Historical Building Safety Board. He was
EERI’s 1996 Distinguished Lecturer. He was the founding secretary-treasurer of EERI’s Northern
California Chapter and a past chapter president. He received the 2004 Alfred E. Alquist Medal for
Achievement in Earthquake Safety. As a consultant, he works primarily for government agencies
and nonprofit organizations. He has worked with GeoHazards International for 17 years, bringing
resources and technical knowledge to developing countries, and he was co-manager, for the
Applied Technology Council, of the City of San Francisco’s Community Action Plan for Seismic
Safety project.

Paul Parmenter
Board Chairman, Central U.S. Earthquake Consortium
Paul Parmenter is currently Board Chairman of the Central U.S. Earthquake Consortium. In
March 2009, he was appointed director of the Missouri State Emergency Management Agency
(SEMA). As SEMA director, he worked on the aftermath of the 2011 Joplin tornado and the 2009
ice storm, responded to the May 2009 storms, and worked extensively on catastrophic planning
involved with the New Madrid Seismic Zone. He began his career in the military, joining the
United States Marine Corps after college and serving until December 1972. After a short teaching
stint, he attended the Missouri State Highway Patrol Academy and embarked on nearly 30 years
with the state highway patrol. He earned numerous promotions and served in several areas of the
state, including St. Louis, where he attended both the FBI National Academy and the Secret
Service Executive Protection School. In 1998, he was patrol commander for the papal visit and
again in 2000 for the presidential debate at Washington University in St. Louis. Mr. Parmenter
was named director of security at the DePaul Health Center in St. Louis in 2002.

David L. Miller
Associate Administrator
Federal Insurance and Mitigation Administration, FEMA
Dave Miller served as the Administrator for the Iowa Division of Homeland Security and Emergency Management from 2004-2011, where he was the Governor’s Authorized Representative for
11 President-declared major disasters; including what historically is the largest disaster to occur
in the State of Iowa and the fifth largest disaster in the United States. He was responsible for the
execution of Hazard Mitigation grant funds in excess of $350 million. Under Dave’s leadership,
Iowa achieved national accreditation under the Emergency Management Accreditation Program
and was one of only 12 states to have an approved Enhanced State Hazard Mitigation Plan,
allowing for increased mitigation funding under the Hazard Mitigation Grant Program. Dave
served in several positions with the Iowa Division of Homeland Security and Emergency
Management prior to serving as Administrator. He also served as the President and VicePresident of the National Emergency Management Agency and has been chair of the Legislative,
Homeland Security, and Mitigation Committees. Dave is a graduate the Naval Postgraduate
School’s Executive Education Program in Homeland Security and also served on the National
Advisory Council. He served in the U.S. Navy as a radioman.
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Opening Keynote Address

Timothy W. Manning
Deputy Administrator for Protection and National Preparedness, FEMA
When the M 6.3 earthquake struck New Zealand on February 22, 2011, FEMA Deputy
Administrator Timothy Manning was already in Christchurch as part of an American delegation.
It had been there to participate in trade and global security talks and had reviewed the country's
cleanup efforts following the September 2010 M 7.0 earthquake. He will discuss his experience
and its impact on his thinking about future Preparedness Directorate planning. He will provide an
overall view of FEMA Directorates as they pertain to earthquake resilience and catastrophic
response planning and as they reflect Presidential Policy Directive 8 on National Preparedness
issued in March 2011.
Mr. Manning was appointed by President Barack Obama and confirmed by the United States
Senate as the Deputy Administrator of the Federal Emergency Management Agency (FEMA) for
Protection and National Preparedness in May 2009. He is responsible for preparing the nation to
protect against, prevent, respond to, and recover from acts of terrorism and natural disasters.
Working with partners at all levels of government, the private sector, and community
organizations across the county, and though the coordination of the Agency’s preparedness,
prevention, and protection initiatives, Mr. Manning is responsible for FEMA’s efforts toward
building a whole-community based national preparedness.
As a former firefighter, emergency medical technician, rescue mountaineer, hazardous materials
specialist, and geologist, he brings almost two decades of diverse, frontline emergency
management experience to the Agency.
Prior to joining FEMA, Mr. Manning served as the Secretary of the New Mexico Department of
Homeland Security and Emergency Management and Homeland Security Advisor to the
Governor. Mr. Manning entered the New Mexico State government as the hazardous materials
response program coordinator for the Department of Public Safety. He rose through the ranks,
serving as the Chief of the Emergency Operations Bureau and then as the Department’s Director.
In 2005, Mr. Manning was named Homeland Security Advisor to then-Governor Bill Richardson
and in 2007, the State’s first Secretary of Homeland Security and Emergency Management.
Deputy Administrator Manning earned a Bachelors of Science in Geology from Eastern Illinois
University, studied terrorism and political violence at the University of St. Andrews, and is a
graduate of the Executive Leaders Program (ELP) at the Center for Homeland Defense and
Security at the Naval Postgraduate School.
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David Applegate
Associate Director for Natural Hazards
USGS
David Applegate is Associate Director for Natural Hazards at the U.S. Geological Survey. In that
role, he leads the Coastal & Marine Geology, Earthquake Hazards, Global Seismographic
Network, Geomagnetism, Landslide Hazards, and Volcano Hazards Programs and coordinates
USGS hazards planning and response activities. He also co-chairs the National Science and
Technology Council's interagency Subcommittee on Disaster Reduction. Prior to joining USGS
in 2004, he worked on science policy at the American Geological Institute for 8 years and before
that served with the U.S. Senate Committee on Energy and Natural Resources as the American
Geophysical Union's Congressional Science Fellow and as a professional staff member. Born and
raised in Chambersburg, Pennsylvania, Applegate holds a B.S. in geology from Yale University
and a Ph.D., also in geology, from the Massachusetts Institute of Technology.
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The Handwriting on the Wall:
Seismological Lessons from Recent Earthquakes
David J. Wald
Huge earthquakes occurring along subduction zones are not a surprise to
seismologists, though the details of any event may be unanticipated. Yet, we often let
critics confuse our very limited knowledge about when and where earthquakes will occur,
with the substantial amount we do know about earthquake hazards and how to best
mitigate their effects. This talk provides a seismological perspective on the differences
among what aspects of earthquakes will continue to be surprising, which aspects should
not, and what we should be able to anticipate (their hazards).
For example, who among us expected to see an earthquake with peak slips of 5070 meters, as reported for the 2011 M9.0 Tohoku, Japan earthquake? (I would have liked
to see an expert-opinion solicitation on what continental and oceanic slip maximums we
are likely to see in our generation; I doubt 50-70 m would have been heavily
represented.) Perhaps less surprising, yet certainly unanticipated, was the occurrence in
less than a decade of three M9-class earthquakes (2004 M=9.2 Sumatra, Indonesia; 2011
M=9.0 Tohoku, Japan; and 2010 M=8.8 Maule, Chile) in locations either not generally
thought capable of hosting such events (the former two), or for which a portion of the
fault segment ruptured relatively recently (the latter).
For all three events, our expectations of maximum magnitude and segmentation
proved inadequate. The northern end of the 1400-km-long Sumatra rupture does not
correspond to a known past event or to a segmentation boundary. Japanese civil
authorities were anticipating events no larger than magnitude 8.2 at Tohoku and nothing
beyond magnitude 7.8 along the deeper portion of the 2011 Tohoku rupture zone. The
southern end of the Maule, Chile rupture overlapped the 1960 M=9.5 rupture by 100 km,
and the northern end fell 200 km short of the major tear in the subducting slab thought,
perhaps, to be a segment boundary.
Yet, while the occurrence of major earthquakes will continue to "surprise" us,
befalling areas where and when we least "expect" them, and smaller, damaging events
will occur in places with finite but rather low probabilities, earthquakes are not
themselves hazards; the ground shaking, landslides, liquefaction, and tsunami are. So a
more important question is: how well were the hazards anticipated? Our science is not so
immature that we were surprised by the nature of ground motions, liquefaction, and
tsunami run-ups.
The aforementioned recent earthquake ruptures provide stunning examples of
some aspects of seismology not knowable or only partially known. In contrast, how
surprising were the strong motions for the remarkably well-recorded M9.0 Tohoku
earthquake? Not very. How did modern Japanese structures behave? Well. And by how
much did tsunami run-up heights exceed expectations? Not by much; they were not all
that different from those seen in the past. Though the event has no historical precedence
in the area, the ground motions at the North Anna nuclear power plant in Virginia (M5.8,
2011), were only marginally above those anticipated in their design and frequency. For
the Christchurch earthquake (M6.3 aftershock of the 2010 M7.0 Darfield, New Zealand
mainshock), the effects of ground motions on buildings and soils due to the very strong
motions seem rather unsurprising.
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What will continue to surprise us, despite the repeated lessons learned about
hazards we face, is that our societal policies don't necessarily reflect what we've learned,
nor do they protect us from low-probability extreme hazards. Our building codes are
designed to make it extremely unlikely that properly built structures will collapse, but not
impossible. Complacency or even informed, legitimate trade-offs between resources and
mitigation efforts often leave populations at grave risk. These lessons we have learned
all too well.

David J. Wald
Seismologist
National Earthquake Information Center, U.S. Geological Survey
Dr. Wald is a seismologist with the U. S. Geological Survey in Golden, Colorado and is
on the Geophysics Faculty at the Colorado School of Mines. David is involved in
research, management, operations, and developments at the National Earthquake
Information Center (NEIC) in Golden and the USGS Advanced National Seismic System.
He developed and manages “ShakeMap”, “Did You Feel it?”, and he is responsible for
developing other systems for pre-earthquake mitigation and post-earthquake response,
including ShakeCast and PAGER. Wald is on the Board of Directors for the
Seismological Society of America and serves as an Associate Editor for EERI's
Earthquake Spectra.
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Learning from the past to protect the future – tsunamis
Lori Dengler
In 1992, a magnitude 7.2 earthquake occurred at Cape Mendocino in Northern
California. The earthquake made only a small blip on the day’s news and was quickly
overtaken by the Rodney King riots in Los Angeles four days later. But this earthquake
was an important turning point for tsunami mitigation efforts in the United States. It was
centered on the Cascadia subduction zone interface (or a closely related fault) and it
produced a tsunami. The tsunami was only about a meter high and caused no damage.
But it reached the coastline only minutes after the earthquake and gave validation to
concerns of scientists and emergency managers about the potential for near-source
tsunamis along the US and Canadian west coasts. This concern began a chain of events
that led to the creation of the US National Tsunami Hazard Mitigation Program
(NTHMP).
Less than five months later, a magnitude 7.6 earthquake occurred off the coast of
Nicaragua, producing a tsunami that reached heights of nearly 10 meters and killing 170
people. It wasn’t the largest or the deadliest tsunami of 1992 – those honors went to the
Flores Island, Indonesia tsunami three months later. But Nicaragua marks the first time
an International Tsunami Survey Team (ITST) was deployed with the primary purpose of
measuring water heights and describing impacts in the affected area. A number of
numerical models to forecast tsunami propagation and inundation had been developed in
the 1980s. By the time of the Nicaragua earthquake, modelers were eager for data to
validate their model predications. Gathering accurate water-level data required quick
access to the affected area, as water level markers are ephemeral, and a team effort in
order to cover the large areal extent of the inundation zone. The ITST structure has
proven its worth. Since Nicaragua, ITSTs have studied 28 different tsunami events and
the number of participants in ITSTs has grown significantly. In Nicaragua, 23 run up
heights were measured; in the 2011 Tohoku tsunami over 5000 water level values have
been measured to date and the number is still rising. ITSTs no longer focus only on
water heights. Recent reconnaissance studies have included social and economic
sciences, ecology, and coastal/structural engineering.
The 2004 Indian Ocean tsunami was a sea change for tsunami studies in size, scale
and impacts. Before this event, there were only a handful of researchers for whom
tsunami studies were their primary professional effort. In the five years prior to the 2004
tsunami, about 1500 papers and abstracts about tsunamis were published. In the five
years afterwards, the number climbed to over 4000. In 2006, the Tsunami Warning and
Education Act was enacted, mandating improvements in tsunami detection, forecasting,
warning communication, and education in the US. Elsewhere in the world, a tsunami
warning system was installed in the Indian Ocean and plans are well underway for a
European warning system. In 2004, there were six deep ocean tsunami sensors all owned
by NOAA; now there are 54 operated by seven different countries. Advances in
forecasting techniques now make it possible to estimate not only the arrival time of the
first tsunami surge, but to accurately estimate the likely peak water height at coastal
locations so as to better manage evacuations and emergency response. As a result of
accurate projections of tsunami water heights along the West Coast of the United States
on March 11, 2011, the bulk of the commercial fishing fleet in Crescent City, California
and in Brookings, Oregon were able to ride the tsunami out in deep water.
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The successes in California and Oregon on March 11 were overshadowed by the
devastation in Japan. Nearly 20,000 people died in the country that has expended more
intellectual and financial capital on earthquake and tsunami preparedness than any other
place in the world. The enormity of the losses in Japan overshadow the successes – the
resilience of the built environment to some of the strongest ground shaking ever recorded,
the success of the early warning system in shutting down the rail system and other critical
infrastructure before the strongest shaking occurred, and casualty rates of 6 to 12 % of the
population exposed to the tsunami – considerably less than the 50 – 80% casualty rates of
past Japanese tsunamis and the over 90% death rates in areas hit by the Indian Ocean
tsunami. But the losses in Japan were both tragic and sobering and illustrate the
difficulty of preparing for and responding to extreme events. Two lessons that stand out
are the challenges of planning for the extremely rare but catastrophic event and the
importance of including human behavior – how people perceive risk, process threat
information, and act on that information – as an essential part of risk reduction.
Detection, communication, and engineered systems are of little use when people don’t
understand the threat or how they need to respond.

Lori Dengler
Professor and Chair of the Geology Department
Humboldt State University
Lori Dengler, Professor and Chair of the Geology Department, Humboldt State
University, is an expert in earthquake and tsunami hazards and hazard mitigation. She
received her Bachelor’s, Master’s and PhD degree in geophysics from the University of
California at Berkeley. She was a member of the team that developed the National
Tsunami Hazard Mitigation Program and the author of the first Strategic Implementation
Plan for Mitigation Projects for the tsunami program. She has participated in post
tsunami survey teams to Papua New Guinea, Southern Peru, Indonesia, Crescent City,
Samoa, Chile, and Japan. Lori received NOAA’s 2001 Richard Hagemeyer Tsunami
Mitigation Award, Humboldt State University’s Scholar of the Year (2008), and the
Alquist medal for promoting earthquake safety in the State of California (2009).
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Geotechnical lessons from the 2011 Great East Japan Earthquake and
the 2010-11 Christchurch earthquakes
Ross Boulanger
The 2011 Great East Japan Earthquake and the 2010-11 Christchurch earthquakes have
produced a wealth of geotechnical lessons and geotechnical data that will have a lasting
impact on the science and practice of geotechnical earthquake engineering. In particular,
these lessons span a wide range of geotechnical and constructed facilities affected by
liquefaction. This presentation will examine some of the key lessons from these
earthquakes and discuss how they relate to current issues in geotechnical practice in the
U.S.

Ross Boulanger
Professor, Civil and Environmental Engineering Department
University of California, Davis
Professor Ross W. Boulanger joined the Civil and Environmental Engineering
Department at the University of California at Davis in 1992. He is currently the Director
of the Center for Geotechnical Modeling which operates a 9-m-radius geotechnical
centrifuge as part of the George E. Brown, Jr., Network for Earthquake Engineering
Simulation (NEES). His research interests are mainly in geotechnical earthquake
engineering, with emphases on liquefaction and its remediation, seismic soil-pilestructure interaction, and seismic response of earth dams and levees. He has served as a
technical specialist on numerous dam safety and seismic remediation projects for private,
state, and federal organizations. His honors and awards include the Shamsher Prakash
Research Award from the Shamsher Prakash Foundation and the Norman Medal, the
Walter L. Huber Civil Engineering Research Prize, and the Arthur Casagrande
Professional Development Award from the American Society of Civil Engineers (ASCE).
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James M. Wilkinson, Jr.
Executive Director
CUSEC
James M. Wilkinson, Jr. is the fifth Executive Director of CUSEC. Mr. Wilkinson has worked in
the field of emergency management since 1991, beginning with the Mississippi Emergency
Management Agency, where he served as a Population Protection Planner, and, later, as the
state's Earthquake Program Manager. In 1994, he accepted a position with the Central United
States Earthquake Consortium as Mitigation Specialist. In this position, he worked closely with
CUSEC Member and Associate States, to help develop a strong program that addresses the
regional impact of earthquakes in the central US, while emphasizing an all hazard approach.
In December 1999, Mr. Wilkinson was appointed to his current position as Executive Director. In
this position he is responsible for accomplishing the CUSEC programs and activities that are
defined by the four primary CUSEC goals: raising the level of public awareness of the earthquake
hazard in the central U.S.; promoting the adoption of mitigation programs, tools, and techniques
to reduce the vulnerability of the Central U.S. to earthquakes and other hazards; fostering multistate planning for response and recovery to a damaging earthquake; and promoting the
application of research and lessons learned to improve the level of preparedness.
Mr. Wilkinson serves on the Missouri Insurance Earthquake Task Force, the Arkansas
Governor’s Seismic Advisory Council and on the Board of Directors for the Center for
Community Earthquake Preparedness at the University Mississippi. Mr. Wilkinson is a graduate
of the University of Southern Mississippi, with a degree in Urban and Regional Planning.
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Historical Impact of the 1811-1812 Earthquakes
Conevery Bolton Valencius
Conevery Bolton Valencius is currently finishing The Lost History of the New Madrid
Earthquakes, which asks how we know what we know—or what we think we know—
about these earthquakes of two centuries ago. How could massive earthquakes of the
mid-American continent be widely known, discussed, and feared when they occurred in
the early nineteenth century, only to be forgotten and dismissed as folk story... and now
rediscovered as an object of scientific inquiry and policy concern? Through this
innovative investigation, which touches on frontier history, Native American history, the
history of the earth sciences, and even the history of medicine, Valencius describes the
social, environmental, scientific, and even economic reasons why events can big news of
one era, only to disappear and then resurface.

Conevery Bolton Valencius
Assistant Professor of History, College of Liberal Arts
University of Massachusetts, Boston
Conevery Bolton Valencius (CON-a-very va-LEN-chus) writes and teaches on
environmental history and the history of science as a member of the history faculty at the
University of Massachusetts Boston. Her first book, The Health of the Country: How
American Settlers Understood Themselves and Their Land (2002) earned awards from
the Society of American Historians and the American Society of Environmental History.
Recent articles explore the history of seismology, the Lewis and Clark expedition, health
and death on the Santa Fe Trail, medical geography in the work of Anton Chekhov, the
lively use of Charles Darwin in an environmental history seminar, and the international
spread of ISOTYPE picture language. She has won teaching and research awards as a
faculty member at Washington University in St. Louis and Harvard University, as well as
a fellowship from the National Endowment for the Humanities while working as a freerange academic. She earned a BA at Stanford and a PhD from Harvard and currently lives
and writes in Quincy, Massachusetts.
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Earthquakes of 1811-1812
Gary Patterson
Beginning on December 16, 1811 one of North America’s most powerful earthquake
sequences shook the western frontier of the United States for several months, but wasn’t
in California, it was in the Central U.S. Scientists, engineers, and historians have
struggled to build a complete picture of what actually occurred during the sequence. Most
of what we know is gleaned from numerous first-hand accounts from a pivotal moment in
early U.S. history that pre dates the invention of the camera. This presentation will recap
what we have learned about the quakes of 1811-12 and recreate some of the first-hand
accounts of fault rupture, ground motion, and liquefaction using high definition film and
digital animation formats.

Gary Patterson
Director of Education and Outreach at the Center for EQ Research and Information
University of Memphis
Mr. Patterson started his undergraduate work at Rhodes College in Memphis as an
English major but later transferred to The University of Memphis for a B.S. in Geological
Sciences. He later received an M.S. at the University of Memphis in Earth Sciences and
is currently a Ph.D. Candidate in the same department. His Ph.D. research is focused on
the southern extension of the Reelfoot Fault in the New Madrid seismic zone. His interest
in earthquakes began in 1997 after taking a part time job at the Center for Earthquake
Research and Information (CERI) to implement outreach programs and assist in
earthquake aftershock and damage reconnaissance surveys. He has been PI and Co-PI on
many research and applied projects ranging from post-earthquake reconnaissance in India
and Taiwan to earthquake vulnerability analysis of mass shelter facilities in the Greater
Memphis area, but his primary focus has always been on the development of education
and outreach strategies to prepare agencies and communities for future earthquakes in the
New Madrid seismic zone. He has also served in many administrative capacities, such as
Insurance Industry Liaison for the Mid America Earthquake Center, and is a member of
leading geological, engineering, and seismological organizations. He currently serves as
CERI’s Director of Education and Outreach and Executive Director of the West TN
Seismic Safety Commission.
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The New Madrid Earthquakes Bicentennial: A Teachable Moment?
New Madrid Bicentennial Executive Committee,
Chris Cramer and Jim Wilkinson
The bicentennial of the 1811-1812 New Madrid sequence of M7 earthquakes is an
opportunity for public outreach and education as well as for an advancement of scientific
and engineering knowledge. Several agencies and organizations planned public outreach
and education events in addition to scientific and engineering conferences to highlight the
New Madrid Bicentennial (NMB). Over the last four years the Central U.S. Earthquake
Consortium (CUSEC), the U.S. Geological Survey (USGS), and the Center for
Earthquake Research and Information (CERI) at the University of Memphis have been
encouraging New Madrid Bicentennial events and participation by the public,
governments, universities, and the private sector. Public outreach and education
activities included town hall meetings on earthquake hazard, earthquake awareness
weeks, community participation in a Great Central U.S. ShakeOut in 2011 and 2012, and
production of a video presentation on the New Madrid earthquakes. Local museums in
Cincinnati, OH and New Madrid, MO displayed New Madrid Bicentennial exhibits.
Eliza Bryan, 1811-1812 New Madrid earthquakes survivor, made local appearances in
the St. Louis area, Evansville, IN, and New Madrid, MO as part of several earthquake
awareness presentations. Another stand out effort during this Bicentennial period to raise
awareness to risk reduction efforts has been the CUSEC / Saint Jude Children Hospital
Dream Home project. Conducted in partnership with the Institute for Business and Home
Safety and their Fortified for Safe Living program, this project couples the lifesaving
mission of Saint Jude’s with the mission of CUSEC and IBHS to save lives and property
form natural disasters. Also government agencies involved with emergency management
on the local, state, and national levels were involved with earthquake response
preparations and a national level exercise through CUSEC and the Federal Emergency
Management Agency (FEMA). Scientific and engineering research has been encouraged
by the USGS via NEHRP grants, by the Earthquake Engineering Research Institute
(EERI) via a New Madrid Earthquake Scenario project involving earthquake effects on
participating central U.S. communities, and by the National Science Foundation’s
Earthscope USArray project crossing the country. Businesses have been encouraged to
prepare for a major New Madrid earthquake through business continuity workshops in
addition to public outreach efforts. National scientific and engineering conferences with
sessions on the bicentennial were part of the SSA annual meeting in Memphis, TN in
April 2011, including a public forum, and the Eastern Section SSA annual meeting in
Little Rock, AR in October 2011, and are a part of this 2012 National Earthquake
Conference (NEC) and EERI joint meeting in Memphis, TN. Please visit the NMB
website at newmadrid2011.org for more information and updates.
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Chris Cramer
Seismologist
Center for Earthquake Research and Information, University of Memphis
Dr. Chris Cramer is a seismologist with the Center for Earthquake Research and
Information (CERI) at the University of Memphis and specializes in earthquake hazard
assessment. He received his Ph.D. from Stanford in 1976 and worked for the State of
California for 23 years and the USGS for 7 years prior to joining CERI in
2007. His recent research has focused on urban and regional seismic hazard mapping,
developing a database of CEUS ground motions for NGA East, preparing a suite of time
histories for the Memphis and St. Louis areas, studying eastern North America seismic
wave attenuation, and estimating the magnitudes of historic earthquakes for seismic
intensity observations. Chris is a registered Geophysicist in California and a Registered
Geologist in Tennessee. Chris is currently serving as Vice President of the Eastern
Section of the Seismological Society of America and is co-chair of the New Madrid
Earthquake Bicentennial executive committee.
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George W. Housner Medal Recipient

Helmut Krawinkler
John A. Blume Professor Emeritus of Engineering
Helmut Krawinkler, the John A. Blume Professor Emeritus
of Engineering at Stanford University, has made
extraordinary and lasting contributions to public earthquake
safety through the development and application of
earthquake hazard reduction protocols and practices.
Krawinkler’s research and professional work laid the
foundations for today’s field of performance-based
earthquake engineering (PBEE). Krawinkler’s seminal papers and the international
workshops he organized in the 1990s outlined the research agenda for PBEE. He
developed, advanced, and implemented PBEE methods and concepts that have
fundamentally changed the approach to evaluating seismic safety and damage potential in
the built environment.
Through his active participation on numerous FEMA/ATC projects, Krawinkler
translated research results into concepts and guidelines that have influenced, in a
profound way, the direction of earthquake hazard mitigation. Projects in which he played
a critical role include the development of design rules for panel zones in steel frames
(AISC Seismic Provisions 341-05); the nonlinear static procedure for frame analysis in
FEMA-273; a methodology for seismic assessment of buildings (ATC-58); quantification
of performance of new seismic load resisting systems (ATC-63, FEMA-P695); and
guidelines for seismic design of tall buildings (ATC-72).
Krawinkler’s research work, reported in more than 300 publications over the past 40
years, has influenced the direction of research worldwide. For many years he led the
structural engineering program at Stanford University. He has advised over 30 doctoral
students, who today hold key positions in academia, industry, and standards setting
organizations. Both his academic and professional contributions have advanced the state
of knowledge and practice in earthquake-resistant design to a level at which loss and
safety assessment can be built on performance-based concepts and risk management
procedures.
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EERI Alfred E. Alquist Special Recognition Award

Phillip L. Gould
Senior Professor, Washington University, St. Louis
Professor Phillip Gould has been at forefront as a champion for earthquake
awareness and risk reduction in the Central United States, the eastern U.S., and
throughout the world. His efforts meet the highest standards for civic engagement
and have lessons for all regions in which seismic safety requires increased
visibility with policymakers. He has also made numerous lasting contributions in
the field of earthquake engineering.
In recognition of his many achievements, Phil was selected as a Distinguished Member of ASCE in April
2011. He has served a term on the EERI Board of Directors and as President of the regional New Madrid
Chapter. As chair of the Missouri Seismic Safety Commission, he increased seismic awareness and loss
reduction throughout the state. He has been a leader in the MAE Center research and education efforts
and continues to lead the EERI Committee on Seismic Safety in Schools.
Gould led early efforts to enforce the earthquake provisions of the then current building code (BOCA) in
the St. Louis region that resulted in acceptance by the local governmental agencies. He subsequently
worked with engineering professionals and building officials in St. Louis and Memphis areas to
encourage the adoption of the new International Building Code. He has tirelessly promoted the
development of seismic mitigation measures for both new and existing construction, and has worked hard
to educate regional and national policy makers on the importance of seismic risk reduction.
The earthquake engineering education program he developed for the MAE Center, as well as the
Consequence-Based Engineering Institute developed by Gould and his colleagues, were new and exciting
vehicles for cross-disciplinary earthquake engineering education. The program has been recognized as a
model for the other earthquake engineering research center educational programs.
Phil joined Washington University in 1966 after completing his B.S. and M.S degrees at the University of
Illinois and doctoral studies at Northwestern University. He was the Harold D. Jolley Professor of Civil
Engineering from 1981 until 2010, and served as department chair for 20 years. He is the founding editor
of the journal Engineering Structures and continues as Editor-in-Chief.
His research activities have centered on shell analysis with applications to finite element modeling,
biomedical engineering, earthquake engineering, and the structural design of thin-shell structures. He
received a U.S. Senior Scientist Award from the Alexander V. Humboldt Foundation in Germany for his
research on thin-shell structures. Dr. Gould is an internationally recognized authority on the design of
hyperbolic cooling towers.
As a practitioner, educator, and researcher, Phil has dedicated his professional life to earthquake risk
reduction. Through his efforts, many significant advances have been made in communicating earthquake
risk and in mitigating it on a regional and national level.
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2012 National Awards in Excellence and
WSSPC Lifetime Achievement Award Winners
Awards will be presented Wednesday, April 11, 2012
at the 2012 National Earthquake Conference and EERI Annual Meeting Awards Luncheon
Peabody Hotel, Memphis, Tennessee
2012 Lifetime Achievement Awards
Dr. John L. Aho, Chairman of the Alaska
Seismic Hazards Safety Commission, has
been selected to receive the 2012 WSSPC
Lifetime Achievement Award in recognition
of his over thirty five years of service as a
dedicated leader in earthquake engineering
and seismic risk reduction policy.
Dr. Jonathan G. Price, Nevada State
Geologist and Director of the Nevada
Bureau of Mines and Geology, has been
selected to receive the 2012 WSSPC
Lifetime Achievement Award in recognition
of his public policy advocacy and his
indefatigable support of seismic safety in
Nevada and across the nation.
2012 Overall Award in Excellence
Outreach to General Public
Earthquake Country Alliance, Public
Education Activities
Accepting: Mark Benthien, Associate
Director for Communication, Education, and
Outreach, Southern California Earthquake
Center and Executive Director, Earthquake
Country Alliance

Research
Utah Earthquake Working Groups
Utah Geological Survey
Accepting: William Lund, Senior Scientist, Utah
Geological Survey
Mitigation
Project Safe Haven
Washington State Emergency Management
Division, University of Washington, and
Washington Department of Natural Resources
Accepting: John Schelling, Earthquake Program
Manager, Washington State Military
Department, Emergency Management Division
Research
Washington State Seismic Mitigation Policy
Gap Analysis: A Cross‐State Comparison
Washington State Military Department,
Emergency Management Division and Western
Washington University Resilience Institute
Accepting: John Schelling, Earthquake Program
Manager, Washington State Military
Department, Emergency Management Division
Awards are fully described at
http://www.wsspc.org/awards/current.shtml

2012 Awards in Excellence
Use of New Technology
ShakeMap and Suite of Accompanying
Programs
U.S. Geological Survey, National Earthquake
Information Center
Accepting: Dave Wald, Supervising Research
Geophysicist, U.S. Geological Survey,
National Earthquake Information Center
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William A. Anderson
Independent Consultant
William Anderson has been an independent consultant since retiring from the National Research
Council, where he was director of the Disasters Roundtable and Associate Executive Director of
the Division on Earth and Life Studies. He received a PhD in sociology from Ohio State
University and conducted disaster research there while field director at the Disaster Research
Center and later at Arizona State University while professor of sociology. Outside academia,
Anderson worked at the National Science Foundation for more than twenty years, including as
head of the Hazard Mitigation Section, and was a senior advisor in the Disaster Management
Facility at the World Bank. He is the author or co-author of books, research monographs and
journal articles on the societal response to natural and human-induced disasters. His awards
include the Charles E. Fritz Award from the International Research Committee on Disasters for
career contributions to disaster research and the Special Recognition Award from the Earthquake
Engineering Research Institute, and also served on the EERI Board of Directors.
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Performance of the Built Environment in Recent Earthquakes
Jack Moehle
This presentation will review the effects of four major earthquakes on the built environment. In
Haiti, the earthquake compounded an ongoing crisis, crumbling a city seemingly built without
regulation. In Chile and Japan, earthquake-hardened cities withstood prolonged shaking with few
failures. Sadly, the initial success in Japan was erased by the overwhelming tsunami. In New
Zealand, multiple events essentially destroyed the central business district of the country’s second
largest city. The presentation will review some of the big lessons from each of these events in the
context of regulation, resilience, and engineering in the face of overwhelming forces. Some
surprising lessons for structural engineers also will be reviewed.

Jack Moehle
TY and Margaret Lin Professor of Engineering
University of California, Berkeley
Jack Moehle is TY and Margaret Lin Professor of Engineering at the University of California,
Berkeley. His teaching and research includes topics in structural engineering, with emphasis on
earthquake engineering and reinforced concrete. He has played a leading role in the development
of building codes and professional engineering guidelines for the design of new construction and
the assessment and rehabilitation of seismically vulnerable existing construction. A licensed Civil
Engineer in California, he is regularly engaged in professional engineering activities, recently
including seismic consulting and design review of high rise buildings, the Bay Area Rapid Transit
System, the San Francisco Public Utilities Commission Hetch-Hetchy water system, and the
Transbay Transit Center. His awards include the Lindau Award, the Siess Award, and the Boase
Award from the American Concrete Institute; the Huber Research Prize from the American
Society of Civil Engineers; the Annual Distinguished Lecturer and Outstanding Paper Award
from the Earthquake Engineering Research Institute; and Honorary Member and College of
Fellows of the Structural Engineers Association of California. He recently served as Director and
Vice President of EERI.
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Preparedness and Response Lessons
Richard K. Eisner
Earthquake disasters in Chile, New Zealand, Haiti and Japan in the past two years provide a range
of possible case studies on preparedness, and response. The capacities of each country to invest in
preparedness and mitigation vary widely, and the government and civil capacity to respond are
vastly different. On one extreme is the disaster in Haiti where before the earthquake government
and NGO organizations struggled to provide a minimum level of civil infrastructure. At the other
extreme are the communities of Chile, New Zealand and Japan where robust government
organizations were in place and performed in response to their communities’ needs. Perhaps the
most advanced preparedness and response structures were in Japan. In this presentation I will focus on the preparedness and response lessons learned in the 2011 Tohoku earthquake and tsunami. There are
numerous parallels and several divergent aspects of US and Japan government organization and
disaster response. Collaboration between the United States and Japan over the past 3 decades has
provided emergency managers in both countries a unique opportunity to study and adapt
innovative approaches to preparedness and response. For example, Japan’s annual
commemoration of the Great Kanto Earthquake of 1923 evolved in the United States (particularly
California) to an annual Earthquake Preparedness Day in the 1980s, then to Earthquake
Preparedness Month and with the leadership of SCEC and the USGS, to annual ShakeOut
exercises. Coming full circle, ShakeOut is now being adapted in Japan. Parallel efforts between
the US and Japan focused on community preparedness, government organization, mitigation
approaches, earthquake prediction; and more recently on disaster response management systems
(assessment and possible adaption of the Incident Command System ICS) in Japan and the
development of an Earthquake Early Warning (EEW) system in the US. In both the United States
and Japan, it is recognized that disasters disproportionately impact low income populations and
elderly and young individuals and those with sight, hearing and mobility limitations. In both
countries government agencies are currently assessing the needs of these vulnerable populations,
those with functional and access needs, and developing preparedness and response approaches to
provide support during a disaster response.
The presentation will provide description and an initial cursory assessment of the pre-paredness
and response to the earthquake and tsunami, and will include the following aspects:
• Preparedness -- Publication education about earthquakes and tsunami
• Public Awareness -- Identification of the hazard and risk, sustaining awareness,
identification of inundation zones, evacuation routes and safe havens, school
preparedness, response to alerts and warnings
• Warnings (EEW etc) -- earthquake and tsunami warning systems, notifications, messages
• Response, Mutual aid, International Assistance -- Changes in the local, prefectural and
national response mechanisms after the Great Hanshin-Awaji Earthquake (Kobe 1995),
access to the region
• “The first 72 hours” -- What were the obstacles to initial response, logistics, cascading
failures
• Care and Sheltering -- Initial response and sustaining operations
• Volunteering and Donations -- Support for initial care and sheltering and sustained
volunteer activities
• NGO/FBO/CBO -- Response from the non-government sectors
• Debris -- An obstacle to response, relief and reconstruction.
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Richard K. Eisner
Coastal Region Administrator and Manager
California Integrated Seismic Network and California Earthquake and Tsunami
Programs, Governor’s Office of Emergency Services, State of California (retired)
For the last 30 years, Richard Eisner focused his career on issues of seismic design and urban
earthquake hazard reduction, including serving as program manager on a NSF-funded project to
develop model hazard reduction and preparedness techniques based on Japanese practice. As
Regional Administrator he was responsible for state’s response to disasters in 16 county north
coastal region of the state and participated in post-earthquake reconnaissance to Mexico City
(1985); Kobe (1995) and in Global Assessment of the Response to the Great Hanshin-Awaji
Earthquake (Kobe). He was responsible for developing the Post Disaster Clearinghouse on behalf
of EERI and California OES after Northridge earthquake and served as Project Manager for the
development of the Post Disaster Safety Assessment Program (ATC-20). A key element of his
work as director of the Bay Area Regional Earthquake Preparedness Project was the
implementation of lessons learned from recent earthquakes and integration of knowledge from the
earth- and social-science communities into mitigation and preparedness programs.
In 1993, Eisner joined the team developing HAZUS, FEMA's software for estimating losses from
earthquakes. He is a recognized expert in community preparedness and emergency management,
and was actively involved in response and recovery operations following the Loma Prieta and
Northridge earthquakes. The following year, he was appointed as the Coastal Region
Administrator with responsibilities for managing the state’s preparedness and responses to
disasters in the San Francisco Bay Region and coastal counties from the Oregon border south to
Monterey County.
After retiring from the State, he served as the Government Liaison to the Fritz Institute PayPrep
Project to develop a standard of resilience for non-government essential service providers in the
San Francisco Bay area.
He has been a Member of APA and a Charter Member of AICP, and was elected to the college of
Fellows of the American Institute of Architects in recognition for his contribution to the safety of
the built environment. In 2010 Eisner was appointed as the Visiting Professor at DRS/DPRI,
Kyoto University.
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Societal Impacts
Kathleen Tierney
University of Colorado Boulder
With respect to societal impacts, recent earthquakes around the world have provided important
lessons and also raised questions that will require additional research. Among those lessons and
questions are the following:
Earthquake-related deaths and injuries: The first years of the 21st century have been marked by
earthquake disasters in which there has been great loss of life, including the 2004 Indian Ocean
earthquake and tsunami, the 2008 Sichuan and 2010 Haiti earthquakes, and the 2011 Great
Tohoku earthquake. A number of studies have identified risk factors for earthquake-related
mortality and morbidity, including gender, age, and religious and cultural practices, but research
results remain inconsistent across different earthquake events. Also lacking is an understanding of
the role of knowledge and behavioral factors such as self-protective actions, in epidemiological
outcomes. What are needed are systematic comparative studies that explore the impacts of
multiple factors across earthquake events and societies.
Disasters and collective action: Earthquakes and other disasters are accompanied by various
forms of collective action that include widespread organized pro-social behavior and lessfrequent occasions involving looting and interpersonal violence. Some disasters, including
earthquakes, have also given rise to contentious collective action, such as anti-government
protests. While U. S. research consistently documented large-scale altruistic behavior in
earthquakes and other disasters, volunteering following the 1995 Kobe earthquake surprised
many Japanese observers. That pattern was again observed in the 2011 earthquake. Equally
interesting, pro-social behavior was extensive and well-organized following the 2008 Sichuan
earthquake—a surprising development in light of how the Chinese state has sought to regulate the
voluntary sector. Looting is not common in most disasters, including earthquakes. It was seen to
some degree in Haiti and to a lesser degree in Chile and was virtually absent in the 2011 Japan
event. These observed differences raise questions about the broader event-related and societal
conditions that give rise to different forms of collective action.
New technologies, social media, and disasters. Crisis-related collective action and disaster
response activities are increasingly being enabled by ubiquitous, pervasive information and social
media technologies. In recent earthquakes and other disasters, social media have been used by the
general public, government agencies, non-governmental organizations, and emergent groups.
Activities enabled by new media include situation assessment, the mobilization of volunteers, and
the coordination of medical assistance. Research on social media and disasters suggests that
response activities are becoming increasingly decentralized and self-organizing. More research is
needed on the use of social media and IT in earthquakes and other disasters, including how they
are used, by what types of populations, groups, and organizations, and with what effect.
Earthquakes, disasters, and development. Disaster scholars have long emphasized the notion that
disaster losses are shaped by physical, environmental, and social vulnerabilities that are in turn
related to broader development conditions. The impacts of earthquakes and other disasters are far
more severe in poorer countries than in more affluent ones. Development conditions that are
related to deaths, injuries, and property losses include rapid urbanization and the expansion of
populations into hazardous places; environmental degradation; lack of land-use controls;
substandard housing and slum conditions; lack of building codes and standards; and broader
governance deficiencies. The 2010 Haiti earthquake was the prototypical example of the ways in
which hazards interact with pre-existing conditions of societal vulnerability to create catastrophic
impacts and losses. Policy statements by global entities such as the World Bank and the UNISDR
emphasize the disasters-development link, but the state of practice around the world is not well
understood.
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Disaster recovery. Disaster recovery is the least well understood phase of the hazards-disaster
cycle. Studies on household, business, economic, infrastructure, and community recovery
processes following earthquakes and other disasters have revealed a variety of processes and
patterns and a range of outcomes. Despite significant advances in research on various dimensions
of recovery at different scales, many questions remain: What factors determine recovery rates?
Recovery outcomes? What is the role of resilience in disaster recovery, and how is resilience
manifested during the post-disaster recovery period? What interdependencies exist among the
various dimensions and scales of recovery (infrastructure, the build environment, households,
neighborhoods businesses, local economies)? What is the role of social capital and other types of
capital (financial, cultural) in the recovery process? What concepts and variables should be
included in a general theory of disaster recovery? Recent earthquakes constitute “natural
laboratories” in which disaster recovery can be studied.

Kathleen Tierney
Kathleen Tierney is a professor in the Department of Sociology and the Institute of Behavioral
Science and Director of the Natural Hazards Center at the University of Colorado. She is coeditor (with William Waugh) of Emergency Management: Principles and Practice for Local
Government (2007) and author or co-author of dozens of publications on disaster vulnerability,
disaster impacts, and the political economy of disasters, including a 2011 article in Earthquake
Spectra on temporary housing following the 2010 Haiti earthquake and a forthcoming article in
the International Journal of Mass Emergencies and Disasters on societal dimensions of disaster
recovery. She is a member of EERI’s Board of Directors and Honors Committee.
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Daniel Abrams
Donald Biggar Willet Professor
University of Illinois at Urbana-Champaign
Daniel P. Abrams holds a B.S. (Illinois Institute of Technology 1970), M.S. (University
of Illinois at Urbana-Champaign 1974), and Ph.D. (University of Illinois at UrbanaChampaign 1979), all in civil engineering. He has been on the faculty of the department
of Civil and Environmental Engineering at the University of Illinois at Urbana
Champaign since 1985. He is a licensed professional engineer, has worked as a practicing
structural engineer in Chicago and San Francisco, and continues to take part in consulting
assignments with industry. Dr. Abrams teaches graduate and undergraduate courses in
structural engineering. He has written over 150 papers or reports on seismic response of
concrete or masonry buildings. He was responsible for writing the masonry chapter of
the NEHRP Guidelines for Seismic Rehabilitation of Buildings (FEMA 273/356), and
has chaired the Building Seismic Safety Council's Technical Subcommittee 5 on Masonry
Structures. He is also a past chair of the EERI Experimental Research Committee and the
TMS Research Committee, and currently serves on the Masonry Standards Joint
Committee. He has testified at congressional hearings in support of the reauthorization of
the National Earthquake Hazards Reduction Act. He has served as the chair of the ASCE
Committee on Concrete and Masonry Structures, the chair of ACI-ASCE 442 Committee
on Lateral Forces, and the President of The Masonry Society (TMS). Starting in 1997 and
continuing until 2004, Dr. Abrams was the founding Director of the Mid-America
Earthquake (MAE) Center.
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Seismic Performance of Masonry Buildings
after the 2009 L’Aquila Earthquake
Sergio Lagomarsino
On April 6, 2009 at 3:32 a.m. a Mw=6.3 earthquake with shallow focal depth (10 kilometres)
struck central Italy in the vicinity of L’Aquila, a town of about 73,000 people, capital of the
Abruzzo region. The earthquake killed 305 people, injured 1.500, destroyed or damaged more or
less 10.000-15.000 buildings, prompted the temporary evacuation of 70.000-80.000 residents and
left more than 24.000 homeless. This event was the strongest of a sequence that started a few
months earlier and numbered 23 earthquakes of Mw>4 between March and April 2009, including
a Mw=5.6 on April 4 and a Mw=5.4 on April 9 (Bazzurro et al., 2009).
Besides L’Aquila, many historical centres of villages in the Aterno River valley, southwest of
L’Aquila (such as Onna, Paganica, Castelnuovo and Villa Sant’Angelo), were seriously damaged
and, in some cases, almost destroyed, with macroseismic intensities of up to X MCS. Conversely,
damage did not exceed MCS intensity VI nearly anywhere to the northwest of L’Aquila. This
south-eastward elongation of the damage pattern probably reflects a combination of rupture
directivity and seismic lithostratigraphic amplification effects.
This earthquake showed the high vulnerability of r.c. buildings, if not designed according to
aseismic concepts (to ones that were built up between 1960 and 1980 in that area).
The damage observation to masonry structures proved that their vulnerability can be limited if
specific aseismic details are adopted. Seismic hazard in L’Aquila region is very high and many
earthquakes occurred in the past; for this reason, ancient masons developed empiric constructive
rules in order to reduce the seismic vulnerability.
First of all, the connection between walls was obtained by wooden ties, put in the middle of the
wall and connected at the end by a small iron bar on the wall external leaf. This solution, adopted
after a big earthquake in 1703, turned out to be very effective because it prevents out of plane
mechanisms. After another earthquake in 1915, many repair and retrofitting interventions were
made, by adding steel tie rods and by enlarging the masonry thickness through scarp walls. Also
these solutions behaved quite well in this event.
On the contrary, bad behaviour was caused by the modern reinforcement techniques, particularly
those that utilized concrete slabs to substitute wooden roofs and floor diaphragms, which
increased the mass and the stiffness.
In L’Aquila historical centre many buildings are important monumental palaces; many of them
were made by good materials and behaved quite well. However, some of them were realized in
the XVIII century, after the earthquake in 1703, and they were built by joining older masonry
buildings, partially damaged. Looking behind the plaster it emerges that many masonry piers are,
in fact, full of ancient openings that were plugged.
Among masonry structures, churches resulted the most vulnerable one.
The presentation will show some examples and present mechanical models for the performance
based seismic assessment of masonry structures.
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Sergio Lagomarsino
Professor of Structural Engineering
Department of Civil, Environmental and Architectural Engineering
Faculty of Engineering - University of Genoa (Italy)
Via Montallegro, 1 - 16145 Genova (I)
Tel. +39 010 3532521 - Fax +39 010 3532534
e-mail: sergio.lagomarsino@unige.it
Assistant Professor in 1990 and Associate Professor in 1998, in 2000 Sergio Lagomarsino
became Full Professor of Structural Engineering at the University of Genoa. At present he is
President of the Master Degree Course on Architectural Engineering and Director of the PhD
course on Structural and Geotechnical Engineering. He teaches Structural design and Structural
rehabilitation in the Faculty of Engineering of the University of Genoa. He also teaches
Strengthening of historical buildings in the postgraduate course on Restoration of monuments, in
the Faculty of Architecture of the University of Genoa.
He is the author of more than 250 papers, many of them published in international journals, on
the topics of: mechanics of materials, numerical modelling of masonry structures, seismic risk
analysis, seismic vulnerability of churches, retrofitting and preservation of monumental buildings
and historical centres. Lagomarsino has been responsible for many research projects. At present
he coordinates the European research project PERPETUATE - PERformance-based aPproach to
Earthquake proTection of cUlturAl heriTage in European and mediterranean countries
(www.perpetuate.eu).
He is a member of the ANIDIS Board (Italian Association of Seismic Engineering) and of the
ARCO Scientific Council (Association for the Conservation of Historical Structures). He sits on
editorial boards of the “International Journal of Architectural Heritage" (Eds. P. Lourenco and P.
Roca) and of the international journal “Earthquakes and Structures” (Eds. S.A. Anagnostopoulos,
I. Takewaki and J.P. Lynch); he also sits on the editorial board of two national journals:
“Ingegneria Sismica” and “Progettazione sismica”. He has served in the drafting panel of the new
Italian seismic design code, for the chapters "Design of masonry buildings" and "Assessment and
retrofit of existing masonry buildings". He has served in the drafting panel, formed by the
Ministry of Cultural Heritage and the Civil Protection Department, that prepared the "Guidelines
for the safety and conservation of monumental buildings in seismic areas".
Sergio Lagomarsino graduated cum laude in Civil Engineering in 1984 at the University of Genoa
and obtained a Ph.D. in Structural Engineering in 1989 at the University of Florence.
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Performance of Masonry Structures in Christchurch, New Zealand
during the 2010/2011 Earthquakes
Arturo Schultz
On September 4, 2010 an earthquake with a moment magnitude of 7.1 struck the town of
Darfield, New Zealand which is 25 miles (40 km) west of Christchurch in the South Island. The
earthquake produced heavy damage in the city of Christchurch and the surrounding areas. Since
that time, well over 3,000 earthquakes and aftershocks have been recorded in this part of New
Zealand, with the largest events occurring within 6 miles (10 km) of Christchurch, having
moment magnitudes of between 6.0 and 6.3, and occurring on February 22, June 13, and
December 23, 2011. During the strongest shaking, the unreinforced masonry (URM) building
stock in Christchurch is estimated to have been subjected to earthquake loading that was 150200% of code-specified values. After the September 4, 2010 earthquake, 595 buildings in
Christchurch were surveyed: Approximately one-half of the buildings surveyed received green
cards, one-third yellow cards and the remaining one-sixth red cards. Common damage included
chimneys, gable end walls, parapets, anchorages, out-of-plane wall failures, and in-plane wall
failures (over window/door openings and in piers of perforated walls). After the February 22,
2011 event, more damage to URM buildings was observed, especially to stone masonry buildings
including heritage buildings (churches, museums, schools, etc.). As of late 2011, more than 80%
of the demolished buildings in the central business district of Christchurch were URM. This
presentation will provide an overview of these observations.

Arturo Ernest Schultz
Professor of Civil Engineering
University of Minnesota—Twin Cities
Dr. Schultz has 26 years of experience as a structural engineering researcher and educator. Dr.
Schultz holds a B.S. in civil engineering from Southern Methodist University in Dallas, Texas, as
well as M.S. and Ph.D. degrees in civil engineering from the University of Illinois at UrbanaChampaign. He is currently professor of civil engineering at the University of Minnesota – Twin
Cities, and he has held positions at the National Institute of Standards and Technology, North
Carolina State University and Southern Methodist University. Dr. Schultz is an active member of
The Masonry Society (TMS) including the chairmanship of the ‘Investigating Disaster’ Project
and a voting member of the Masonry Standards Joint Committee (MSJC). He also served as Chair
of the ASCE Technical Administrative Committee on Concrete and Masonry Structures, and
Associate Editor for the ASCE Journal of Structural Engineering and the TMS Journal. His
research has included analytical investigation, experimental testing and numerical simulation
concerning: (1) stability of slender masonry and concrete members; (2) seismic analysis and
design of masonry and concrete structural systems; and (3) performance of transportation
structures. His research has garnered numerous awards including the John B. Scalzi Award from
The Masonry Society (2007), the C.T. Grimm Award from the Canada Masonry Design Centre
and McMaster University (2009).
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Performance of Unreinforced Masonry in Van, Turkey
Polat Gulkan
On October 23, 2011 a magnitude-7 earthquake with epicenter estimated to be about 25 km north
of Van that lies on the shores of the eponymous lake in the east of Turkey shook the city and the
surrounding area very strongly. In spite of its magnitude no surface manifestation of the fault
rupture has been observed. The city is the capital of the province with the same name, and has a
population of about 400 000. Severe damage was observed also in the township of Ercis that lies
about 70 km northwest of Van. The earthquake was followed by an M5.6 event on November 9
that occurred closer to Van, causing further building damage. Most buildings in both cities are
reinforced concrete, and their performance was not satisfactory. This presentation will focus on
unreinforced masonry buildings that exist in both the urban and the semi-urban settlements in the
area. The discussion will include data from the strong ground motion stations in the region.

Polat Gulkan
Professor and Chairman of Civil Engineering
Cankaya University, Ankara, Turkey
Polat Gülkan (Member, EERI) is professor and chairman of civil engineering at Çankaya
University, Ankara, Turkey. He has served as Director for EERI during 2004-2007, and is
currently Editor for Earthquake Spectra, a responsibility he assumed in late 2007. Mr. Gülkan is
president of the International Association for Earthquake Engineering for the period 2010-2014.
He has provided field reconnaissance reports for several earthquakes that have occurred in
Turkey in the past.
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Expected Performance of URMs in Memphis
Richard W. Howe
This presentation will address expected general performance of URMs in Memphis, TN, based on
an overview of URM building stock (building and construction types, locations in Memphis,
occupancy types, etc.), Memphis Code seismic requirements and enforcement and construction
practices over time, and area seismic risk mitigation activities for URMs to date. Projected
performance expectations will be based on limited fragility studies of Memphis area URMs to
date as well as observations of URM performance in recent earthquakes.

Richard W. Howe
Structural/Seismic Risk Consultatnt
Memphis, TN
Richard Howe is a consultant and speaker/presenter on seismic codes and standards and seismic
risk management. He has been the structural engineer of record on projects in more than 40 states.
His Memphis-area projects with high seismic design requirements include the following:
•

AutoZone Corporate Headquarters (first seismically base-isolated building in Central and
Eastern US)

•

AutoZone Park Baseball Stadium

•

FedEx Forum NBA Arena (foundations and substructure)

•

Regional Biocontainment Laboratory for University of Tennessee/National Institute of
Health

•

National Civil Rights Museum (seismic retrofit)

His seismic risk assessment and risk mitigation projects include the following
•

New Dallas Cowboys Football Stadium – Arlington, TX

•

Memphis International Airport (w/Thornton Tomasetti/Irvine, CA)

•

Memphis Light Gas & Water Division (Electric, Water, and Gas Operations) – MultiHazard Risk Assessment for Seismic, Wind, Ice, Flood

•

Numerous seismic risk assessments for Memphis area facilities
o

FedEx Data Centers/IT Operations (w/EQE)

o

St Jude Children’s Research Hospital Campus and Data Center

o

International Paper Company Corporate Headquarters

o

Hilton Hotels Corporation Data Center

o

International Paper Co Data Center

He earned his BS (math and physics), BSCE (structures) and MSCE (structures and foundations)
degrees from Cornell University, the University of Tennessee, and the University of Memphis,
respectively.
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Reginald DesRoches
Associate Chair and Professor in the School of Civil and Environmental Engineering
Georgia Institute of Technology
Reginald DesRoches is an Associate Chair and Professor in the School of Civil and
Environmental Engineering at the Georgia Institute of Technology in Atlanta. He completed his
PhD in Civil Engineering at the University of California, Berkeley. His primary research and
teaching interests are in earthquake engineering, seismic design and performance of bridges,
structural dynamics, application of protective systems, and applications of smart materials.
Dr. DesRoches recently completed a three-year term as an EERI director. During that time he was
leader of the EERI Haiti Earthquake Reconnaissance Team, and was co-technical editor of the
October 2011 special issue of Earthquake Spectra on the Haiti earthquake, along with Mary
Comerio. He is currently a member of the Spectra Editorial Board, an Associate Editor of the
ASCE Structural Engineering Journal, and a member of several committees, including the TRB
Seismic Design of Bridges Committee and the FHWA Virtual Seismic Design Team. He
currently is director of the Mid-America Earthquake Center Transportation Program.
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Still in Harm’s Way: Learning, Sharing, and Applying Lessons from
School Damage in Recent Earthquakes
Yumei Wang and Edward Wolf
Major earthquakes that strike settled areas typically cause extensive damage to educational
facilities that can put students at risk. Mass casualties suffered by students in China, by some
estimates higher than 19,000 children, made the M7.9 Sichuan earthquake in 2008 the most
recent worldwide touchstone for the risk posed by unsafe schools. Earthquakes in Haiti and Chile
in 2010 and Christchurch, New Zealand and Tohoku, Japan in 2011 caused extensive damage to
school facilities, although damage to schools was subsumed by the vastly greater human tragedies
in Haiti and Japan. School damage in Virginia’s M5.8 earthquake in August 2011 offered a
reminder that seismic events of even moderate intensity can cause structural damage that poses
life-safety risks to children.
Events that pose a risk to students have a singular ability to focus public attention on
structural deficiencies in the built environment. Beyond considerations of life safety, schools safe
enough to occupy and use after an earthquake play an important, if underappreciated, role in
economic recovery from disaster by making it possible for parents to return to work. Although
schools are linchpins of resilience, there have been relatively few efforts to distill lessons from
comprehensive assessments of school damage from recent earthquakes and to apply them to
mitigation policies and investments in other countries.
The authors review assessments of school damage in several recent earthquakes, and
discuss some of the many considerations that limit the transferability of lessons between
countries, regions, and geological settings. They discuss inter-governmental efforts to explore the
topic of vulnerable schools from a national policy perspective (OECD 2004, Asia-Pacific
Economic Cooperation 2011) and evaluate the impact of high-level policy guidance at the local
level at which schools are built, administered, and maintained. Finally, they offer preliminary
recommendations to policymakers and the professional community to help earthquake-prone
communities take steps now to better serve a population universally recognized as entitled to
extra levels of protection against earthquake hazards: schoolchildren.

Yumei Wang
Geohazards Engineer
Oregon Department of Geology and Mineral Industries
YUMEI WANG is a geohazards engineer with the Oregon Department of Geology and
Mineral Industries, where her work focuses on lowering risks from earthquakes,
tsunamis, and landslides. She has taken part in post-earthquake damage assessments in
Chile, China, and Japan. Her current priorities include statewide earthquake risk
assessment, the design of North America’s first tsunami shelter, and efforts to implement
innovative policies to manage earthquake risks, including Oregon’s unique seismic
retrofit grant program. Since 2007 she has served on the National Earthquake Hazard
Reduction Program’s Advisory Committee on Earthquake Hazards Reduction. Wang has
an MS in Civil Engineering from the University of California, Berkeley and a BA in
Geological Sciences from the University of California, Santa Barbara.
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Edward Wolf
Writer
EDWARD WOLF is a writer with special interest in seismic resilience, sustainability,
and natural history. He is a contributing author of Worldchanging: A User’s Guide for the
Twenty-First Century (Abrams, 2006 and 2011), and has written on seismic resilience for
The Oregonian, Sustainable Business Oregon, and the Cascadia Green Building Council.
He serves on an advisory committee on Long-Term Facilities Planning for Portland
Public Schools in Portland, Oregon. He has a B.A. in biology from Williams College and
an M.F.R. in forest ecosystem management from the University of Washington.
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Critical Structures in Recent Earthquakes: Container Ports
Glenn J. Rix
Georgia Institute of Technology
Container ports are critical intermodal links in global supply chains, but many large ports are
located in areas of moderate-to-high seismic hazard. Recent earthquakes have demonstrated the
vulnerability of port infrastructure—wharves and container cranes—to ground shaking and
ground failures. One of the most prominent examples of damage occurred during the January 12,
2010 M7.0 Haiti earthquake during which a pile-supported marginal wharf at the main port in
Port-au-Prince collapsed due primarily to liquefaction of the embankment soil Another example
is the March 11, 2011, M9.0 Tohoku, Japan earthquake that caused major destruction along
Japan’s Pacific coastline. During the earthquake, pile-supported components of the South Public
wharf suffered moderate-to-extensive damage caused by a number of factors including excessive
lateral deformations of the wharf as well as large backfill settlements of approximately 1.5 m to
2.0 m. Other recent earthquakes, including the M8.8 Maule, Chile; M7.1 Canterbury, New
Zealand; and M6.3 Christchurch, New Zealand have also impacted port structures. Physical
damage to port infrastructure and the implications for business continuity and delivery of supplies
for humanitarian relief and recovery activities will be presented, along with a summary of the
recently completed NEESR Grand Challenge project on “Seismic Risk Mitigation for Port
Systems.”

Glenn J. Rix
Dr. Glenn J. Rix is a Professor in the School of Civil and Environmental Engineering at the
Georgia Institute of Technology in Atlanta, Georgia. His research interests are in soil dynamics
and geotechnical earthquake engineering including laboratory and in situ measurement of
dynamic soil properties, site response analysis, and liquefaction hazards. Dr. Rix is a member of
the American Society of Civil Engineers (ASCE) Geo-Institute Soil Dynamics and Geophysics
Committees and past president of the Environmental and Engineering Geophysical Society and
the Georgia Section of ASCE. He presently serves on the Board of Governance of the Network
for Earthquake Engineering Simulation (NEES), a consortium of research universities funded by
the National Science Foundation. From 2005 through 2011, he served as Project Director for the
NSF NEES Grand Challenge project on “Seismic Risk Mitigation for Port Systems.” The project
involved 17 investigators and 10 different universities and consulting firms. The objectives of the
project were to model the seismic performance of container port infrastructure, including pilesupported marginal wharves and container cranes, and to develop a comprehensive seismic risk
analysis framework to allow port stakeholders to estimate losses from earthquake-induced
damage. Throughout his career, he has also participated in numerous post-earthquake
reconnaissance visits to document earthquake-induced damage, including the 2010 Haiti and
2011 Christchurch, New Zealand earthquakes.
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Lessons Learned from the Performance of Highway Bridges in Recent
Earthquakes:
Ian Buckle
Recent earthquakes in Chile (2010), New Zealand (2010 and 2011), and Japan (2011) have
damaged almost 600 highway bridges and numerous rail bridges. The causes of this damage can
be broadly classified in two categories: ground shaking, including ground failure (liquefaction),
and tsunami inundation. In Japan, tsunami inundation was responsible for about half the number
of damaged bridges.
Approximately 300 bridges were damaged in Chile in the Offshore Maule Earthquake of
February 2010. Typical failure modes include damage to connections between super- and
substructures, unseating of spans in skewed bridges due to in-plane rotation, and unseated spans
with some column damage due to permanent ground movement. Unusual failure modes included
unseating of spans in straight bridges due to in-plane rotation, plate girder rupture due to
longitudinal forces, scour and pier damage due to tsunami action, and collapse of an historic
masonry bridge. The most common damage mode was the failure of super-to-substructure
connections (shear keys, steel stoppers, and seismic bars) which is the most likely reason for the
low incidence of column damage. Whereas the fuse-like behavior of these components is believed
to have protected the columns, the lack of adequate seat widths led to the collapse, or imminent
collapse, of many superstructures.
Only a few bridges were damaged in the New Zealand earthquakes near Christchurch in
September 2010 and February 2011. The major cause appears to have been ground failure at the
abutments leading to structural failure of a handful of superstructures, accompanied by settlement
and tilting of the abutment seats. Widespread liquefaction occurred throughout the region and is
the most probable cause of the ground movement.
About 200 highway bridges and numerous rail bridges were damaged during the Great East Japan
Earthquake of March 2011, including span unseating, foundation scour, ruptured bearings,
column shear failures and approach fill settlements.
Bridges constructed to the ductility-based 1990 (and later) JRA specifications were largely
undamaged, even in areas where spectral accelerations exceeded design values. Likewise very
few bridges that had been retrofitted since the 1995 Kobe Earthquake suffered damage. Bridges
that were damaged due to ground shaking were older structures that had not yet been retrofitted or
only partly so. Once again older steel bearings proved the most vulnerable component, but one set
of elastomeric bearings also failed catastrophically, possibly due to a widening of the bridge in
the vicinity of the damaged bearings and a corresponding change in the load path. Manufacturing
defects in the bearings themselves may also be a factor.
Many bridge spans were swept away by the tsunami along the east coast north of Sendai, but
many more survived. Several bridges with integral superstructures remained intact despite being
totally inundated, but many of these were closed due to severe erosion of approach fills and/or
scouring of foundations. Mitigation strategies to survive tsunami attack appear feasible.
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National Science Foundation in the George E. Brown Jr. Network for Earthquake Engineering
Simulation (NEES).
Dr. Buckle’s research interests include seismic performance of bridges, lifelines and buildings;
design and retrofit criteria for bridges; earthquake protective systems for bridges; bridge
performance for extreme loads such as earthquake, differential temperature and overload; and
nonlinear analytical techniques for structures subject to dynamic loads. He has conducted fullscale field testing and large-scale laboratory testing of structures using static and dynamic loads;
has been a member of earthquake reconnaissance teams in California, Japan, Taiwan, and Chile;
and has conducted short courses in bridge engineering, seismic retrofitting, and the seismic
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He is the lead author of the seismic provisions in the AASHTO LRFD Comprehensive Bridge
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(Third Ed., 2010), and the FHWA Seismic Retrofitting Manual for Highway Structures (2006).
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Quantifying Loss of Function of Critical Building Systems due to Recent
Seismic Events
Judith Mitrani-Reiser
The continued functionality of critical infrastructure, such as healthcare facilities, is necessary
following a major event. Healthcare delivery facilities are essential in disasters: they provide
emergency medical care related to the event and regular health services required to maintain the
health of the community they serve. In order to provide adequate services to patients, healthcare
facilities rely on a wide range of internal and external functions, each of which are part of a
complex network of interacting systems. The loss of a single function can severely disrupt the
ability to provide care during the critical first hours. Critical facilities, such as public and private
hospitals, government, non-government and private emergency services, physicians’ offices,
clinics and others were severely impacted by recent seismic events.
The presentation will show a standardized methodology to collect and analyze field data of
critical building systems to better correlate physical damage with loss of functionality of
healthcare facilities and to assess the impact that loss/gain of hospital personnel has in the days
following the event. The seismic response of the health care system is assessed, as a first step,
focusing on the performance of the main buildings and facilities, mechanical and medical
equipments, building contents, internal services and back-up resources. Secondly, the reduction
of the functionality for clinical and non-clinical services, induced by the structural, non-structural,
and equipment damages suffered by the buildings and facilities is analyzed. The presentation will
also highlight data collected by a multidisciplinary team from recent seismic events in Chile, New
Zealand, and Mexico.

(a)

(b)

Figure 1. (a) Tedious reorganization of medical records three weeks after the 2010 Chilean
earthquake (Photo by J. Mitrani-Reiser); (b) Liquefaction-induced damage to the main sewer line
outside Christchurch Hospital in New Zealand (photo courtesy of Bruce Hall, Emergency Planner
for Christchurch Hospital).
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University. She received a B.S. in Civil Engineering from the University of Florida, an M.S. in
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Dr. Mitrani-Reiser's research group is focused on the performance assessment of critical
infrastructure, the safety and economic impact of hazards on the built environment, the effective
communication of these risks to the public, informed decision making for use in emergency
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multidisciplinary research program includes collaborations with researchers at the Bloomberg
School of Public Health, the Johns Hopkins School of Medicine, the Pacific Earthquake
Engineering Research (PEER) Center, the University of Canterbury, the Catholic University of
Chile, the Mid-America Earthquake (MAE) Center, NEES, the Florida Public Hurricane Loss
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Hopkins University.
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Advances in Post-Earthquake Clearinghouses
Robert A. Bauer
Damaging earthquakes in the Central U.S. usually involve more than one state and a strong to
major event could produce damage in as many as eight states depending on its location. The
eight state geological surveys surrounding the New Madrid seismic zone are developing response
and clearinghouse plans in coordination with their state’s emergency managers and the U.S.
Geological Survey. All are coordinating with the Central U.S. Earthquake Consortium (CUSEC)
who is developing a multi-state clearinghouse plan for the region. Some of these plans were
exercised during the National Level Exercise in May 2011. A brief overview of these still
developing plans will be presented.

Robert A. Bauer
Engineering Geologist
Illinois State Geological Survey
Bob Bauer is an engineering geologist with the Illinois State Geological Survey. He works with
the 8 state geological surveys surrounding the New Madrid Seismic Zone to produce maps
showing how much soils will be modified by earthquake ground motions. These have been used
in computer programs to estimate earthquake losses such as the 8 state FEMA New Madrid
Catastrophic Panning Initiative in which he was a member of the scenario committee. He has
also been involved with loss estimates from other catastrophic scenarios for the Illinois
Emergency Management Agency.
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Successes and Challenges with Establishing Technical Clearinghouses in
the Central U.S. for the May 2011 National Level Earthquake Exercise
Robert A. Williams
According to U.S. Geological Survey (USGS) Circular 1242, within 1 day after a significant
earthquake, a technical clearinghouse should be established in the region affected by the
earthquake where post-earthquake science and engineering field investigators can meet to review
progress and to organize and coordinate their activities. For very large events, multiple
clearinghouses might be appropriate. Circular 1242 also states that for purposes of science
coordination and safety, it is strongly recommended that all field investigators, regardless of
affiliation, go through the clearinghouse before conducting field investigations. For the May
2011 National Level Exercise (NLE) in which State and Federal agencies participated in a multiday drill of a M7.7 earthquake in the New Madrid seismic zone, the USGS, in cooperation with
Earthquake Engineering Research Institute (EERI), other National Earthquake Hazard Reduction
Program (NEHRP) agencies, regional universities, and eight Central U.S. Earthquake Consortium
(CUSEC) of State Geologists, simulated the establishment of three technical clearinghouses.
Because of the large area of impact from a major New Madrid earthquake (eastern U.S.
earthquakes usually have about 10 times the felt area of a western U.S. earthquake for the same
magnitude) and the need to establish the clearinghouse out of the areas of damaging shaking and
a 200-km by 75-km area of probable liquefaction, flooding, and ground failure, multiple
clearinghouses had to be established. In addition, limited access to usable Mississippi River
bridges required dividing the region into zones located on either side of the river. In the drill,
these conditions led to the clearinghouses being established (virtually) in Rolla, Missouri (colocated with the Missouri Dept. of Natural Resources (MDNR) post-earthquake technical
information clearinghouse (PETIC)) and Jackson, Tennessee, both in relatively close proximity to
the New Madrid mainshock. The third clearinghouse was located in Evansville, Indiana.
USGS committed to actual field crew deployments to the mock epicentral area and to three of the
FEMA region Regional Response Coordination Centers (RRCC’s) in Chicago, Kansas City, and
Denton, TX. The USGS deployed the 3 RRCC liaisons to help FEMA interpret earthquake
information coming from USGS ShakeMap and PAGER output and to help coordinate requests
for aerial imagery and other products prior to actually getting the clearinghouses established. A
USGS portable seismograph crew, including the USGS aftershock deployment coordinator, with
4 seismographs was physically deployed from Golden, Co, to Missouri on the first day of the
exercise. Despite limited cell-phone communication as designed in the exercise, this crew
managed to coordinate and check in with MDNR geologists near Poplar Bluff, Mo., install their
equipment and establish real-time upload capability with the USGS National Earthquake
Information Center (NEIC) in Golden.
Each of these 3 USGS-led clearinghouses was virtually staffed by a chief clearinghouse liaison, a
designated liaison at the state level, an EERI contact and likely EERI reconnaissance teams, and 7
USGS coordinators for critical scientific expertise in ground rupture, landslides, liquefaction,
engineering, site response, geodesy (computer/web and administrative support were not
specified). Additionally, the Arkansas Geological Survey communicated their needs to CUSEC
and USGS and physically established a technical clearinghouse in Little Rock, Arkansas. Even
with these multiple clearinghouses, and given the communication challenges that played out in
the drill, it seems doubtful that 3 main sites will be adequate to address scientific communication
and coordination needs over such a large area in a real earthquake.
If not for the real-world Ohio and Mississippi River flooding emergencies at the time, the states
of Indiana, Illinois, Kentucky, Tennessee, and Mississippi would normally have established
technical clearinghouses of their own. As such, their participation in the NLE was limited to a
few short telephone exchanges. It took about 3 days after the earthquake to contact and get
permissions for establishment of the 3 main clearinghouses. This is far longer than the 1 day time
82three days, in addition to organizing and
frame established in Circular 1242. During those

participating in multiple conference calls, the USGS science coordinator for this event received
about 200 hundred emails about the earthquake, scientific activities, and other news. To facilitate
communication for those unable to reach the 3 clearinghouses, or participate in the conference
calls, a unified web-based clearinghouse was also established on a USGS Sharepoint site and still
exists there today. The USGS recognizes that though many aspects of the clearinghouse plan
worked well, there is much to improve and this clearinghouse exercise is meant to be taken as a
straw-man proposal that we hope will jump start a longer-term discussion about the best way to
implement technical clearinghouses in disasters affecting multiple states and multiple regions of
federal agencies. The NLE clearinghouse exercise was a useful, yet eye-opening, event that
revealed the numerous challenges associated with setting up a technical clearinghouse after a
large earthquake in the eastern U.S.

Robert A. Williams
Central and Eastern U.S. Regional Coordinator
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Rob has 28 years of experience working with the USGS on studies of seismic hazard throughout
the U.S. During that time he has led seismic imaging and site characterization studies of
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Currently he is leading a team made up of researchers from USGS, universities, and private
industry to produce probabilistic seismic hazard maps of the St. Louis metropolitan area. He is
also the USGS Coordinator for the Central and Eastern U.S. Earthquake Program. Rob is based
at the Geologic Hazards Science Center in Golden and has a B.A. in geology from U.C. Berkeley
and a M.S. in Geophysical Engineering from the Colorado School of Mines in Golden, CO.
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Data Collection Tools for Earthquake Reconnaissance
Charles Huyck
The EERI Information Technology committee has long sought hardware and software tools for
earthquake reconnaissance. Potentially, the benefits to reconnaissance teams and further research
are tremendous. Reconnaissance tools support data collection by deploying pre and post event
satellite data, mapping and other GIS data to the field. Incorporation of GIS and GPS can help
serve as a navigation tool when navigation is complicated by earthquake damage. The simple
process of pairing geographic coordinates to digital photos is tremendously powerful, allowing
the reconnaissance teams to coordinate data collection activities while in the field. These data can
be uploaded from the field to allow researchers to overlay evidence of damage with ground
motion and soil maps almost as soon as they are collected.
The benefits are substantial but the challenges are significant. Ideally, software tools should be
simple to use and not be disruptive to the reconnaissance process, but this is a very high standard.
Those on reconnaissance missions must oversee the software in conditions that are particularly
stressful. Connecting various hardware components elements of the deployment (GPS, digital
camera, mobile or laptop) can be complicated. Many tools are designed for consistent GPS and
internet connectivity, but this is rarely the case. The protocols required for connecting and
powering these systems, managing files, and babysitting the software compete for time and
attention at a time when field investigators are likely to be jet lagged, emotionally stressed, and
apprehensive about the safety of their surroundings. When these tools are not working as
planned, a pen and paper offer a very tempting alternative.
There is a huge tradeoff between a rigorous data collection tool and a simple interface. On the one
hand, a rigorous approach supports the collection of very detailed attributes for assessing
vulnerability and analyzing performance. On the other, a simpler approach allows the field
investigator to quickly determine what is important and move on. The debate over how much
rigor to enforce is key, and unresolved. Apart from these challenges, there are a host of platform
and operating system issues to be considered. Entire operating systems can come and go before
tools are put into use. Development costs are also a consideration.
This presentation examines these issues. We present many of these questions to the community to
help guide the process of determining the right approach for EERI and other organizations
involved in clearinghouse operations. In addition, we present some findings from an initial survey
of tools recently conducted at EERI.
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Geotechnical Lessons Learned from the M7.0 2010 Haiti Earthquake:
Why the Palace Fell
Brady R. Cox
The 2010 Haiti Earthquake was one of the most devastating earthquakes in history,
resulting in an estimated 300,000 or more fatalities and over a million people left homeless.
Earthquake-induced damage was pervasive and crossed all socioeconomic boundaries, as
evidenced by the collapse of homes, schools, hospitals, and government facilities ranging from
the Presidential Palace to bidonvilles (shanty towns). While damage in the capital city of Port-auPrince was devastating and widespread, there were clearly areas of the city where little to no
damage occurred, and areas of the city where an overwhelming majority of the buildings were
severely damaged or destroyed. These types of variable damage patterns are common in
earthquakes, and a wide number of factors need to be considered in order to conclusively piece
together the causes. For a given earthquake, these factors include, but are not limited to: (1)
Relative distance from the fault rupture plane, (2) Construction type and quality, (3) Local soil
conditions (i.e. strength/stiffness of the foundation soil, depth to bedrock, impedance contrasts,
age/geology), (4) Topography (topographic and basin effects), and (5) Near fault effects (rupture
directivity, fling step, hanging wall effects, polarity effects, etc.). Often several of these factors
work together and it can be difficult to identify the primary cause of damage.
Our team has coupled damage statistics with geologic data, shear wave velocity
measurements, and topographic information to investigate damage patterns in Port-au-Prince. The
largest Damage Intensity for a given geologic unit was observed in areas underlain by Holocene
alluvium (Qham), which includes much of downtown Port-au-Prince. Shear wave velocity
profiles across this geologic unit indicated that it consists of stiff soil with an average Vs30 of
about 350 m/s. The large Damage Intensity in this geologic unit was caused by a more
seismically vulnerable building stock of predominantly 2 – 4 story structures being underlain by
moderately stiff soils that amplified shaking at periods between 0.3 and 0.5 s. Softer soil
conditions (Vs30 ~ 250 m/s) were found in the artificial fill (Af) unit, but the Damage Intensity
within this unit was smaller due to the presence of predominantly shantytown construction with
corrugated metal roofs that were more resistant to earthquake shaking and outside the period
range of site amplification. The Damage Intensity was also smaller in areas underlain by the older
Pleistocene fan deposits (Qpf) due to the presence of stiffer soils (Vs30 ~ 500 m/s) and a more
seismically resistant building stock.
The Damage Intensities in the older Pliocene fan (Pf) and Mio-Pliocene fanglomerate
(Mpb) were significant (25 to 30%) and some localized areas within these units experienced
damage intensities up to 74%. These larger Damage Intensities are believed to be due to the
combined effects of topographic amplification, soil amplification, and slope failure. Within these
geologic units, slopes were typically steeper than 10o and damage was concentrated at or near the
ridge tops or along the sides of steep valleys. The damage concentrations at ridge tops were most
likely caused by topographic amplification coupled with soil/abrupt impedance amplification.
The damage concentrations along the sides of steep valleys typically occurred in bidonvilles, with
the damage influenced by failure of the weakly cemented surficial materials, soil amplification
through the softer surface soils, and the seismic vulnerability of the overlying building stock.
While there were many instances of damage along topographic features, not all ridge tops or steep
valleys experienced significant damage. This observation reveals the challenge in predicting the
effects of topography on ground shaking.
While the effects of topographic amplification and damage patterns are not yet fully
understood, our investigations have led to the development of a new geologic map for Port-auPrince and a preliminary seismic site classification microzonation map. Free GIS versions of both
the geologic map and site classification map are available from the United Nations Disaster
Programme (please contact the presenter via e-mail for details on how to obtain them). This initial
microzonation map is a critical step toward facilitating code-based site classification and seismic
design throughout Port-au-Prince as the rebuilding process begins.
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More detailed information regarding this work may be found in the EERI Earthquake
Spectra publications listed below. Many members of the Geotechnical Extreme Events
Reconnaissance (GEER) Association have contributed a great deal these efforts. This material is
based on work supported by the National Science Foundation (NSF) under grant numbers CMMI1025582 and CMMI-1034828. Any opinions, findings, and conclusions or recommendations
expressed in this material are those of the research team and do not necessarily reflect the views
of the NSF. Additional funding for map and database development was provided by the UNDP.
The authors would specifically like to thank Mr. Yves-Fritz Joseph (Director General,
Laboratoire National du Bâtiment et des Travaux Publics d’Haïti), Mr. Dieuseul Anglade
(Director General, Bureau des Mines et de l’Energie, Haiti), and Mr. Jean Robert Altidor (Bureau
des Mines et de l’Energie, Haiti) for their assistance in this work, as well as Dr. Eric Calais
(Purdue University and UNDP) for his efforts to facilitate training on, and implementation of our
findings as the rebuilding process in Haiti begins.
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Geotechnical Aspects of the M8.8 2010 Maule, Chile Earthquake
Scott Olson
The February 27, 2010 Maule, Chile earthquake was one of the largest earthquakes in
recorded history, and the damage from the earthquake and ensuing tsunami was widespread and
significant, affecting nearly 600 km along the central Chilean coast. Despite the widespread
damage, well-designed and well-constructed infrastructure generally performed satisfactorily,
resulting in only 525 fatalities during the earthquake and tsunami.
Critical lifeline structures, such as bridges, road embankments, railroads, and ports were
damaged by ground shaking and liquefaction-induced ground failure. In particular, damage to
Ruta 5, the primary north-south highway in Chile was extensive, and this damage disrupted the
delivery of relief supplies to some areas that were hardest hit by the earthquake. This damage
included bridge failures resulting from lateral spreading-induced bridge displacement,
liquefaction-induced embankment failures, and liquefaction-induced settlements. One of the more
notable highway failures was that of the La Mochita bridge. This failure involved significant
transverse displacement of the bridge as a result of lateral spreading – a mode of failure that has
not been previously observed. Damage to the rail system chiefly involved translational
displacement of rail tracks; however, the rail system generally performed well during the
earthquake.
Liquefaction-induced damage was relatively minor at the ports at Valparaiso and San
Antonio; however, up to 1 m of lateral spreading displacement and significant vertical settlements
damage quay walls and pile-supported wharfs in older sections of these ports. In contrast, the
ports at Coronel and Concepcion suffered significant liquefaction-induced damage. At the port of
Coronel, liquefaction triggered lateral spreading displacements exceeding 2m (over a distance of
25m), induced at least four large sinkholes (up to 2.4m deep), disrupted pipelines and sewer
services, and damaged a pile-supported wharf. Similarly, at the port of Concepcion, liquefaction
triggered up to 1.0 m of lateral spreading displacements, damaged numerous buildings, and
caused settlement and rotation of multiple storage tanks.
While most dams and tailings facilities performed satisfactorily, a few dams suffered minor
to moderate damage, and one tailings facility suffered a massive liquefaction-induced flow slide,
killing a family of four. The tailings at the facility flowed nearly 0.5 km downslope. Similarly,
levee systems generally performed well, with only two failures being identified by the GEER
team over several kilometers of length.
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paper award.
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An Overview of the Geotechnical Aspects of the 2010-2011 Canterbury,
New Zealand Earthquake Sequence
Russell A. Green
Since September 2010, the Canterbury region of New Zealand has been severely
impacted by four earthquakes having magnitudes equal to or greater than 6 and numerous
aftershocks. The most devastating of these events was the 22 February 2011, Mw6.2 Christchurch
earthquake. This event is the most costly earthquake to affect New Zealand and resulted in 181
fatalities, as well as severe damage to thousands of residential and commercial buildings,
lifelines, and other infrastructure in Christchurch and its environs. The geotechnical aspects of the
Canterbury earthquakes were particularly significant due to the severity liquefaction.
Overall, the spatial extent and severity of liquefaction was greater as a result of the
Mw6.2 Christchurch earthquake than it was in the preceding 4 September 2010, Mw7.1 Darfield
earthquake, although numerous areas liquefied in both of these events as well as during other
earthquakes in the sequence. Liquefaction and lateral spreading during these events affected
commercial structures in the Central Business District (CBD) in a variety of ways including: total
and differential settlements and tilting; punching bearing capacity failures of structures with
shallow foundations; differential movements of components of complex structures; and
interaction of adjacent structures via common foundation soils. Liquefaction was most severe in
residential areas located to the east of the CBD as a result of the high water table and prevalence
of soils with composition and states of high liquefaction susceptibility. Total and differential
settlements, and lateral movements, due to liquefaction and lateral spreading is estimated to have
severely damaged 15,000 residential structures, the majority of which otherwise sustained only
minor to moderate damage from the inertial loading imposed by ground shaking.
Liquefaction also had a profound effect on lifelines and other infrastructure, particularly
bridge structures and underground services. The Christchurch region contains more than 800
road, rail, and pedestrian bridges. Most bridges are reinforced concrete, symmetric, and have
small to moderate spans (15 – 25 m). Although liquefaction was widespread in central and eastern
Christchurch, only five bridges within the city suffered major damage and ten were moderately
damaged. Most of the damage was caused by lateral spreading of river banks, with only four
bridges in the city having appreciable damage on sites that did not experience liquefaction, two
with major damage and two with moderate damage.
Differential settlements and lateral spreading caused widespread disruption of both
potable water (mostly asbestos cement and PVC) and wastewater (mostly gasketed concrete and
PVC) pipelines, with thousands of repairs needed to restore these systems. Buoyancy of concrete
vaults at potable water and wastewater pump stations, compounded by liquefaction-induced
settlement, caused pipeline breaks at their connections with the vaults. Approximately 1 m of
settlement at the Bexley Pump Station ruptured the well, flooding the surrounding neighborhood
at 140 m3/hr. Silt and sand from liquefaction washed into the Bromley sewage treatment plant
from broken wastewater pipelines, causing damage in the primary settling tanks. Nearly all
facilities at the sewage treatment plant were affected by liquefaction, which caused differential
settlement of the clarifiers, thereby seriously impairing secondary treatment capabilities.
Additionally, there was serious damage to the underground electric power system, with failure of
all major 66 kV underground cables supplying the Dallington and New Brighton areas caused by
liquefaction-induced ground movements. Over 50% of all 66 kV cables suffered damage at
multiple locations.
The existing flood protection levee system was significantly damaged during both the
Darfield and Christchurch earthquakes. Also, the significant subsidence of large areas of
Christchurch as a result of the widespread liquefaction and associated lateral spreading increased
the risk of flooding from both tidal and local rainfall events in several areas of the city. In some
areas, settlements of over a 1 m were measured, a significant drop in ground elevation given the
low lying nature of the city. As a result, emergency levees were constructed due to the expected
Spring tides in April 2011. These were built up to 1.8 m above mean sea level (MSL), with 11 km
of levees built along the Avon River in four days. Silty gravel was used for the construction
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material, as it was readily available and reasonably impermeable. Overall this emergency system
performed well during the anticipated Spring tides.
Rockfalls, block failures, and other forms of landslides were widespread in the Port Hills
south of Christchurch. These slope failures resulted in five deaths and damaged or destroyed
many roads, tracks, and structures. Almost every cliff face in the Port Hills generated a rockfall,
while over-steepened road cuts and quarry walls were subjected to block collapse or large
volumes of rockfall. Deep-seated landslides occurred at a few locations, most of which were at
the top of coastal headlands.
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An Overview of the Geotechnical aspects of the March 11, 2011 Great
East (Tohoku-OKI) Japan Earthquake
Shideh Dashti
A massive M 9.0 earthquake struck near the east coast of Honshu, Japan on March 11,
2011. This earthquake and the tsunami that followed caused tremendous damage to a highly
industrial country, with well-designed buildings and infrastructure. The large magnitude, long
rupture, strong shaking with long duration, and the tremendous wave heights of the tsunami
caused damage well beyond the design level. The geotechnical aspects of this earthquake were
significant primarily due to the severity and extent of soil liquefaction. This event has important
implications for the U.S. and Canada, particularly in understanding the likely impacts of a strong
earthquake on the Cascadia subduction zone beneath Northern California, Oregon, Washington,
and British Columbia.
Much of Japan is constructed on sites that are susceptible to soil liquefaction. Permanent
deformations of the soils supporting a foundation or slope were responsible for much of the
damage away from the tsunami-affected areas. The observed damage extended over large regions
with a wide range of soil types, structures, foundations, and importantly ground motion
characteristics. Levees suffered minor to severe damage due to liquefaction and lateral spread.
Buildings founded on shallow footings suffered excessive settlement and tilt. Buildings founded
on pile foundations or improved ground, however, generally performed well, while the
surrounding ground settled around them. Liquefaction-induced damage to utilities caused
widespread disruptions to businesses. Manholes and buried tanks were observed to uplift due to
the softening of loose backfills. Streets and sidewalks often showed irregular displacements with
large differential movements due to manhole uplift, ground settlement, and erosion of sand into
broken utility pipes. A water distribution plant and a wastewater treatment plant were damaged
due to the liquefaction-induced uplift of buried tanks, offsets in tunnels, and damage to support
utilities and major trunk lines. Natural slope failures and damage to retaining structures without
liquefaction were less common. Despite very strong shaking, the underground subways in Sendai
did not have damage.
The strong ground motion recording networks across Japan have provided an extensive
and unique database for this large subduction zone event. These recordings, with and without
liquefaction, present an opportunity to examine procedures used for assessing the likelihood of
liquefaction triggering, the consequences of liquefaction, and the performance of liquefaction
remediation strategies as well as nonlinear effective-stress site response methods. Further,
damage to gas, water, and sewer systems in large urban centers during this event provide a
valuable dataset for evaluating system fragility under a range of ground deformation conditions.
The mapping of lateral spread and landslide displacements also provide an opportunity to test and
improve the existing analysis tools.
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Shideh Dashti
Assistant Professor of Civil, Environmental, and Architectural Engineering
University of Colorado, Boulder
Dr. Shideh Dashti is an Assistant Professor of Civil, Environmental, and Architectural
Engineering (Geotechnical Engineering and Geomechanics) at the University of Colorado,
Boulder. Her areas of specialization are geotechnical earthquake engineering, liquefaction,
seismic soil-structure-interaction, and sensor technologies. Her research primarily focuses on the
effects of ground motion characteristics on soil and structural response, soil-structureunderground structure-interaction in dense urban environments, the consequences of liquefaction
and the performance of mitigation techniques, and use of innovative sensors and information
technology in earthquake engineering. In her research, she employs centrifuge testing and
advanced numerical analyses. Shideh completed her undergraduate studies at Cornell University
in Civil Engineering and subsequent graduate work at UC Berkeley in GeoEngineering. After
completing B.S. and M.S. degrees she worked briefly with ARUP (New York) and Bechtel (San
Francisco), respectively, where she worked on several engineering projects in the US and around
the world involving the design of foundation systems, slopes, and underground structures.
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So Many Earthquakes: What Has the Potential to Change
the Way We Do Business?
Ellen Rathje
A significant number of devastating earthquakes have affected large population centers over
the last two years: Haiti (Mw 7.0); Maule, Chile (Mw 8.8), Christchurch, New Zealand (Mw 7.1,
6.2), and Tohoku, Japan (Mw 9.0). The well-documented case histories from these earthquakes
have the potential to significantly change and improve geotechnical earthquake engineering
practice in the coming years. Additionally, many types of damage were observed across all four
events, generating a unique opportunity to compare and contrast the geotechnical damage across
different continents, faulting mechanisms, magnitudes, ground motion intensities, and cultures.
For example, ports experienced liquefaction-induced damage in all four events. However, the
level of damage and the consequences of damage were drastically different in each earthquake.
Another example is the performance of infrastructure founded on liquefied ground. While
procedures that predict the occurrence of liquefaction are well established, the procedures that
predict the consequences of liquefaction on infrastructure are not as well developed. The data
from these earthquakes can improve these procedures.
This presentation will summarize the major damage observations from these four
earthquakes, and identify common themes across the observations. The presentation will discuss
how the observations from across the events may change our design procedures in the years to
come.

Ellen Rathje
Warren S. Bellows Centennial Professor
University of Texas at Austin
Ellen M. Rathje, Ph.D., P.E. is the Warren S. Bellows Centennial Professor in the Department of
Civil, Architectural, and Environmental Engineering at the University of Texas at Austin. She
received her B.S. degree from Cornell University and her M.S. and Ph.D. degrees from the
University of California at Berkeley. Dr. Rathje’s research interests include the seismic stability
of earth structures and slopes, strong ground motion and site response, field liquefaction
evaluation and soil improvement, and the application of remote sensing to earthquake damage
assessment. Dr. Rathje’s awards include the 2010 Hogentogler Award for outstanding paper
from ASTM, the 2010 Huber Research Prize from ASCE, and the 2006 Shah Innovation Prize
from EERI.
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Richard Eisner
Coastal Region Administrator and Manager
California Integrated Seismic Network and California Earthquake and Tsunami
Programs, Governor’s Office of Emergency Services, State of California (retired)
For the last 30 years, Richard Eisner focused his career on issues of seismic design and
urban earthquake hazard reduction, including serving as program manager on a NSFfunded project to develop model hazard reduction and preparedness techniques based on
Japanese practice. As Regional Administrator he was responsible for state’s response to
disasters in 16 county north coastal region of the state and participated in post earthquake
reconnaissance to Mexico City (1985); Kobe (1995) and in Global Assessment of the
Response to the Great Hanshin-Awaji Earthquake (Kobe). He was responsible for
developing the Post Disaster Clearinghouse on behalf of EERI and California OES after
Northridge earthquake and served as Project Manager for the development of the Post
Disaster Safety Assessment Program (ATC-20). A key element of his work as director
of the Bay Area Regional Earthquake Preparedness Project was the implementation of
lessons learned from recent earthquakes and integration of knowledge from the earthand social-science communities into mitigation and preparedness programs.
In 1993, Eisner joined the team developing HAZUS, FEMA's software for estimating
losses from earthquakes. He is a recognized expert in community preparedness and
emergency management, and was actively involved in response and recovery operations
following the Loma Prieta and Northridge earthquakes. The following year, he was
appointed as the Coastal Region Administrator with responsibilities for managing the
state’s preparedness and responses to disasters in the San Francisco Bay Region and
coastal counties from the Oregon border south to Monterey County.
After retiring from the State, he served as the Government Liaison to the Fritz Institute
PayPrep Project to develop a standard of resilience for non-government essential service
providers in the San Francisco Bay area.
He has been a Member of APA and a Charter Member of AICP, and was elected to the
college of Fellows of the American Institute of Architects in recognition for his
contribution to the safety of the built environment. In 2010 Eisner was appointed as the
Visiting Professor at DRS/DPRI, Kyoto University.
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Informal Online Communication: Uses and Abuses of
Social Media in Disaster
Jeannette Sutton
Informal, networked, online communications channels, also known as “social media,”
have grown in number and use over the past decade. With the advent of wikis, blogs, microblogs,
and social networking sites, members of the public have become co-creators of content that is
shared blazingly fast across diffuse populations, enabling collaborative efforts and collective
behavior. In the absence of up to date information from official information sources, public
communicators online can now search for and share information across a variety of technologies
and platforms, through both desktop and mobile applications.
Government users across various spheres (local, state, and federal levels) and sectors
(safety, health, environment, etc.) have been slow to adopt new communications technologies for
a variety of reasons including fears related to organizational and perceptions that they will lose
control of the message, failure to develop internal policy, a lack of human resources, and
concerns that the medium itself drives drama and useless chatter. The broad adoption among the
public and the slower, more cautious adoption across official organizations has led many to take
opposing viewpoints as critics or supporters of social media for disaster preparedness, response,
and recovery operations with little critical investigation into the research record about how these
communications tools are actively being utilized during times of disaster.
This presentation will draw from the broad base of academic research on social behavior
in disaster response, as well as recent scholarship on social media in disaster, showing how this
new communication platform plays a role in unofficial back channel communications and
facilitates convergence activities. I will also discuss how social media may influence community
resiliency and how it is emerging as an informal channel for alerts and warnings. I will also
discuss some of the pitfalls of social media, including concerns about intentional rumoring and
malicious behavior online, and the use of social media to organize collective disruptions.
From this presentation, audience members will learn how social media is playing a
growing role in disaster response activities among both public and official users. Theoretical
knowledge and practical applications will be discussed.

Jeannette Sutton
Senior Research Scientist
Trauma, Health, and Hazards Center, University of Colorado, Colorado Springs
Jeannette Sutton is a disaster sociologist who conducts research related to community resilience,
disaster mitigation, preparedness, response, and recovery. Her primary focus is on the evolving
role of Information and Communication Technology, and networking online informal
communications via social media for alerts, warnings and disaster response. Jeannette is the
Principal Investigator on three National Science Foundation grants, each having an emphasis on
networked online communications, and she recently directed a conference on Humanitarian Aid
and Disaster Relief Technologies for the Office of Naval Research. Additional research interests
include the socio-behavioral aspects of disaster warning systems, outreach and service provision
to vulnerable populations via online communications, and Volunteer Technical Communities in
disaster. Jeannette holds a PhD in sociology from the University of Colorado at Boulder and
completed her postdoctoral training at the Natural Hazards Center. She is now a Senior Research
Scientist at the Trauma, Health, and Hazards Center at the University of Colorado, Colorado
Springs and a Special Term Appointee with the Center for Integrated Emergency Preparedness at
Argonne National Lab.
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Counter-disaster Measures for People with Functional Needs
Following the Great East Japan Earthquake:
Basic Facts, Challenges and Their Solutions
Shigeo Tatsuki
Abstract: This article reports basic facts about casualty gaps between the total population and
people with disabilities (PWD) as well as the three major challenges in responding to surviving
people with functional needs in times of disasters (PFND) in general following the 2011 Great
East Japan Earthquake. Casualty gaps between the total population and PWD varied by
prefecture: twice as many PWDs died in Miyagi, while PWD casualties in Iwate and Fukushima
was 1.3 and 1.7 times as much as that of the total population, respectively. Among different
categories of PWDs, casualties of those with auditory and orthopedic impairments were 2.4 times
as much as that of the total population. Based on reconnaissance field research on responses to
PFNDs, the paper then identifies three challenges and their possible counter-disaster measures for
surviving PFNDs. First, it was argued that recent developments in preparedness measures for
PFND in Japan have been uncritically relying on the maximum probable event (MPrE)
framework. In reality, however, a maximum possible event (MPoE) has occurred. This has
tremendous implications for fundamentally re-thinking the "correct" hazard estimation process.
Second, counter-disaster measures for PFND have focused mainly on warning and neighborhoodbased evacuation assistance activities. Needs for shelters and temporary housing units specially
designated for PFND arose following the earthquake. However, their provisions were neither
systematic nor universal due to the lack of pre-planning. More detailed guidelines for specially
designated shelter and temporary housing operations need to be developed in order to address this
issue. Third, people with disabilities (PWD) became invisible in shelters and communities or in
the eyes of local government administrators. This was due to the fact that majority of PWD did
not ask for help in evacuation shelters because they felt general shelters were not “barrier free”
and were unresponsive to their functional needs. Furthermore, many local government
administrators felt hesitant to release their PFND registry to non-governmental and self-help
organizations in fear of breaking the Personal Information Protection Bylaw. Further elaboration
and education on the utilization rather than protection of personal information of PFND during a
disaster period is needed among public and local government administrators.
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Shigeo Tatsuki
Warren S. Bellows Centennial Professor
University of Texas at Austin
Ph.D. (Toronto)
• April 1986 - March, 2001, Lecturer, Associate Professor, Professor
School of Sociology, Kwansei Gakuin University, Japan
• April, 2001-Present, Professor
Department of Sociology, Doshisha University, Japan
• April, 2002-March, 2005, Visiting Professor, Disaster Prevention Research Institute,
Kyoto University
• April, 2002-Present, Senior Research Scientist, Disaster Reduction and Human
Renovation Institution, Hyogo, Japan.
•
Major fields of interests
• Counter-disaster measures for people with functional needs in times of disasters
• Long-term life recovery after disaster, role of social capital in preparedness, response,
recovery and mitigation.
• Post-disaster volunteer management, Interlinking government and CSO activities,
Disaster recovery assistance, Stress care management and other preventative measures
against Post-traumatic Stress Disorder.
Professional activities
• organizer of the Kwansei Gakuin Relief Volunteer Center after the 1995 Kobe earthquake
• member of Hyogo Forum for Advocating Individual Recovery (Hyogo FAIR) from 1997
to 2005
• Governor's Award for distinguished service (1995 Kobe Earthquake Disaster Recovery)
in May, 2005
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Robert Olshansky
Professor and Acting Head in the Department of Urban and Regional Planning
University of Illinois at Urbana-Champaign
Robert B. Olshansky, Ph.D., AICP, is Professor and Acting Head in the
Department of Urban and Regional Planning, University of Illinois at UrbanaChampaign, where he has taught for 22 years. His teaching and research cover land use
and environmental planning, with an emphasis on planning for natural hazards. His
current work focuses on developing theory and researching the processes of recovery
following catastrophic disasters. He is the co-author, with Laurie Johnson, of Clear As
Mud: Planning for the Rebuilding of New Orleans (Planners Press, 2010) and a research
report, Opportunity in Chaos: Rebuilding after the 1994 Northridge and 1995 Kobe
Earthquakes (available online). They also have funding from the Lincoln Institute of
Land Policy for a book that synthesizes recovery lessons from several international
disasters, including the Great East Japan Earthquake and tsunami. In March 2010 he
participated in EERI’s post-earthquake reconnaissance following the devastating
earthquake in Haiti. He is currently the lead investigator for a multi-university NSFfunded study of the process of rebuilding after the 2008 earthquake in Sichuan Province,
China.
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The Unique Qualities of Long-term Post-Disaster Recovery
Robert Olshansky
Post-disaster recovery poses unique challenges for both practitioners and researchers, as
time compresses, stakes increase, additional resources flow, and public interest is
heightened. The physical recovery from disasters takes many years, and the
psychological scars can last for decades. Many people survive the initial disaster, but
then suffer from the recovery, as the economy stagnates, social networks weaken, and
health care and support services decline. Disasters open a rare but brief window of
opportunity for effecting lasting change. The challenge is this: How can local
governments effectively manage post-disaster recovery and reconstruction—meeting the
time-sensitive needs of housing, economic, and social recovery, while also maximizing
the opportunity for community betterment?
This presentation will briefly identify some of the key issues of long-term disaster
recovery. These include demands for money, betterment, information, and time. Besides
the immediate need for large sums of money, the central issue in post-disaster recovery is
the tension between speed and deliberation: between rebuilding as quickly as possible
and taking the time to rebuild as well as possible. Communities must rebuild as quickly
as possible in order to maintain existing social and economic networks. Recovery efforts
after a disaster aim at least to return an area to its previous level of economic activity and
replace the housing units lost. But communities must also be thoughtful and deliberate in
order to maximize the opportunity for improvement and to ensure that funds are spent as
efficiently and equitably as possible. Speed, however, causes many problems: incomplete
analyses, insufficient consideration of all possibilities, and hasty decisions. Not only can
speed cause mistakes, but it allows for no time to stop to correct them.
One phenomenon, above all, is the key to understanding recovery: time compression—or,
more accurately, a compression of activities in time and a focus in space. Rebuilding an
entire city or region in a short amount of time is the reason that so much money is needed
so quickly. And the imperative to rebuild quickly is what makes deliberation so
challenging. Time compression also explains a variety of other phenomena characteristic
of post-disaster recovery. The presentation will summarize some of these phenomena and
identify some ways to design post-disaster processes and institutions so as to facilitate
high quality recovery.

103

The National Disaster Recovery Framework
Deb Ingram
The National Disaster Recovery Framework, released in September, is changing the landscape for
disaster recovery. This presentation will be a discussion of the principles and concepts outlined in
the NDRF and a discussion of current implementation activities.
Experience with recent disaster recovery efforts highlights the need for additional guidance,
structure and support to improve how we as a Nation address recovery challenges. This
experience prompts us to better understand the obstacles to disaster recovery and the challenges
faced by communities that seek disaster assistance. The newly released National Disaster
Recovery Framework (NDRF) is a guide to promote effective recovery, particularly for those
incidents that are large-scale or catastrophic.
The NDRF provides guidance that enables effective recovery support to disaster-impacted States,
Tribes and local jurisdictions. It provides a flexible structure that enables disaster recovery
managers to operate in a unified and collaborative manner. It also focuses on how best to restore,
redevelop and revitalize the health, social, economic, natural and environmental fabric of the
community and build a more resilient Nation. The NDRF defines:
• Core recovery principles
• Roles and responsibilities of recovery coordinators and other stakeholders
• A coordinating structure that facilitates communication and collaboration among all
stakeholders
• Guidance for pre- and post-disaster recovery planning
• The overall process by which communities can capitalize on opportunities to rebuild
stronger, smarter and safer
These elements improve recovery support and expedite recovery of disaster-impacted individuals,
families, businesses and communities. While the NDRF speaks to all who are impacted or
otherwise involved in disaster recovery, it concentrates on support to individuals and
communities.
The NDRF is a guide to promote effective recovery. It is a concept of operations and not intended
to impose new, additional or unfunded net resource requirements on Federal agencies. As
responsibilities, capabilities, policies and resources expand or change, the NDRF will be revised
as needed to ensure that it continues to provide a common and adaptable approach to disaster
recovery.
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Deb Ingram
Assistant Administrator
Recovery Directorate
Office of Response and Recovery
FEMA/DHS
Deb Ingram’s public service career spans more than 30 years and includes broad experience in a
variety of programs at the federal and local government levels.
For more than ten years, Deb Ingram has served in a variety of senior positions in FEMA’s
Headquarters. She is currently the Assistant Administrator for the Recovery Directorate. In this
capacity, Ms. Ingram has responsibility for leadership and oversight of mandated federal disaster
assistance programs that support individuals and communities affected by disasters in their efforts
to recover, including individual assistance, public assistance, community recovery, and mass care
and voluntary agency coordination. These programs, constitute the majority of the resources
provided by the Federal Government (through FEMA) to directly address the short, medium, and
long-term impacts of a disaster on individuals and communities.
Previously, Ms. Ingram held a variety of senior positions in FEMA’s Federal Insurance and
Mitigation Directorate, where she was responsible for programs that assist states, tribes and local
communities to reduce their risk to natural hazards and disasters. Among her many
achievements, Ms. Ingram was instrumental in leading the unification of hazard mitigation grant
programs, building strong relationships with FEMA’s partners and, during the Summer of 2010,
she provided key leadership in development and support of the Integrated Services Team during
the aftermath of the Deepwater Horizon oil spill.
Ms. Ingram was appointed to the Federal Senior Executive Service in August 2007.
Prior to coming to FEMA, Ms. Ingram spent eleven years at EPA, where she held a variety of
senior and management positions in strategic planning, and administration and resources
management.
Ms. Ingram started her public service career working at the local government level in North
Carolina, and later in Virginia, where she managed and implemented a variety of federally funded
grant programs.
Ms. Ingram holds an M.A. in Public Administration from the University of Virginia, an M.A. in
Psychology from George Mason University, and a B.S. in Psychology from East Carolina
University.
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Hope
Bob Dixson
On May 4, 2007, a EF5 tornado destroyed Greensburg, Kansas. The tornado had
sustained winds of over 210 mph and it was 1.7 miles wide when it went across the town. 95% of
the buildings and homes were leveled and totally destroyed. 11 lives were lost. Greensburg and
Kiowa County have united in a common vision of sustainable building practices, renewable
energies, and building long-term community relationships. Greensburg was blessed with an
opportunity to rebuild with environmental stewardship principles in mind. We met as a
community to begin the planning process of how we wanted the community to look. We
developed a vision statement that reflects who we are. Our ancestors built Greensburg to last a
many lifetimes and now it was our responsibility to rebuild using the principles and concepts they
taught us. Being Sustainable and rebuilding with future generations in mind were very important
to us. Rebuilding “Green”, Sustainable and Environmentally conscious is simply being good
stewards of the resources that we have been blessed with.
Disaster leads to opportunity and we have been blessed with a tremendous opportunity
and vision to build back “green” and sustainable. We have focused on Environmental
Stewardship in our rebuilding process. We have the opportunity to be the new pioneers of the
21st century in protecting our environment and our resources.

Bob Dixson
Mayor
Greensburg, Kansas
Mayor Bob Dixson is a native Kansan and he has been a resident of Greensburg since 1985.
Dixson took office as Mayor of Greensburg in May 2008 and he is leading the way in the process
of rebuilding the community after the May 4, 2007 tornado. Sustainable building, renewable
energy and “green” technologies are the cornerstones of the recovery of Greensburg.
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6:00 p.m.

POSTER SESSION
UNDERGRADUATE STUDENTS

GRADUATE STUDENTS
EERI Student Chapter Posters

Teams participating in the Undergraduate
Seismic Design Competition will present posters
Thursday evening.

Francisco Del Valle and Yvonne Gonzalez
University of Puerto Rico at Mayagüez– EERI
Student Chapter

Brigham Young University
California Polytechnic University, Pomona
California Polytechnic University, San Luis
Obispo
California State University, Los Angeles
Georgia Institute of Technology
Iowa State University
Oregon State University
Pennsylvania State University
San Diego State University
San Francisco State University
San Jose State University
Stanford University
Technical University Cluj-Napoca, Romania
University at Buffalo (SUNY)
University of British Columbia
University of California Davis
University of California Irvine
University of California Los Angeles
University of California San Diego
University of Illinois Urbana Champaign
University of Massachusetts Amherst
University of Memphis
University of Missouri Columbia
University of Nebraska Lincoln
University of Notre Dame
University of Puerto Rico Mayaguez
University of Southern California
University of Texas, Arlington
Veermata Jijabai Technological Institute
Mumbai, India

Jeffrey Dowgala
Purdue University’s EERI Student Chapter High
School Outreach Program
Xiaohu Fan
The University of Michigan – EERI Student
Chapter
Stephanie German
The Georgia Institute of Technology – EERI
Student Chapter
Maria Koliou
University at Buffalo – EERI Student Chapter
Bryce Lloyd
University of California, Davis– EERI Student
Chapter
Michael Payne
Penn State University– EERI Student Chapter
Brian Richter
Purdue University – EERI Student Chapter
Kyle Vansice
Iowa State University– EERI Student Chapter
Structures
Adel E. Abdelnaby
Performance of RC Buildings under the March
11 Earthquakes Sequence in Japan
Qingyuan Li and Judith Mitrani-Reiser
Downtime Assessment for Woodframe
Residential Buildings
(over)
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Rou Wen and Jay Shen
Nonlinear Modeling and Seismic Evaluation of
Non-Ductile Concentrically Braced Frames

Meera Raghunandan and Abbie Liel
Fragility Curves for Buildings Subjected to
Earthquake Sequences

Adeel Zafar and Bassem Andrawes
Seismic Analysis of Concrete Moment Resisting
Frames Reinforced with Steel, Fiber Reinforced
Polymer and Shape Memory Alloy Composite
Reinforcement

Laura Redmond
Impact of Seismic Codes on the Building
Performance in the Caribbean
Sanaz Saadat, Fereidoun Amini, Charles V.
Camp
Optimization of MR Damper Placement in SemiActive Seismic Control of Structures Using a
Genetic Algorithm
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THE EERI STUDENT CHAPTER AT THE UNIVERSITY OF PUERTO RICO AT
MAYAGÜEZ: OVERVIEW OF ACTIVITIES
by
Francisco Del Valle1 and Yvonne González2
1 Graduate Student, President of the UPR-M Student Chapter, Department of Civil Engineering,
University of Puerto Rico, Mayagüez, PR 00681-9000
2 Graduate Student, Vice-president of the UPR-M Student Chapter, Department of Civil Engineering,
University of Puerto Rico, Mayagüez, PR00681- 9000
The University of Puerto Rico at Mayagüez - EERI Student Chapter was established in the Civil
Engineering Department of the University of Puerto Rico on August 2002. It currently has more than 30
members, including many undergraduate students. During the past twelve months the Student Chapter has
kept a high level of activity. In particular, the Chapter has sponsored more than twenty lectures,
including:
Seismic Behavior of Typical Residences in Puerto Rico, by Dr. Ricardo Lopez, P.E., professor and
Coordinator of the Graduate Program at the Civil Engineering Department of the University of Puerto
Rico at Mayaguez.
Liquefaction and Mitigation with Dynamic Compaction, by Luis O. Garcia, P.E., President of GeoCim,
Inc.
Caribbean Tsunamis System Alert, by Prof. Christa von Hillebrandt, Director of the Caribbean Tsunami
Center, of the National Weather Service (NWS).
Discrete Damage Mechanics of Laminated Composites, by Dr. Ever Barbero, professor of Mechanical
Engineering at West Virginia University.
Thermal Buckling and Failure of Steel Tanks under Fire, by Dr. Luis Godoy, Director of the Civil
Infrastructure Research Center and professor of Civil Engineering at the University of Puerto Rico at
Mayaguez.
National Bridge Inspection Standards (NBIS), by Manuel E. Coll, Ph.D., P.E., Director of the
Engineering Bridge Office of the Puerto Rico Highway and Transportation Authority.
Numerical and Experimental Evaluation of Signal Processing Based Damage Detection Methodologies,
by Dr. Luis Montejo, professor of Engineering Sciences and Materials Department at the University of
Puerto Rico at Mayaguez.
The Chapter was also involved in outreach activities aimed at the general public in shopping malls. In
addition, the Chapter organized demonstration of the effects of earthquakes with a shaking table for high
school students and teachers from local schools. Our Chapter has sponsored seminars on the use of
popular structural engineering software like ETABS, MATLAB, and OpenSees.
The Chapter also published the manual “Introduction to MATLAB Programming for Structural
Engineering Applications” to help undergraduate students in the use of this software for their courses and
projects. The products of the sale of this publication were used to partially sustain the activities of the
Chapter.
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Purdue University’s EERI Student Chapter High School Outreach Program
Jeffrey Dowgala – Graduate Student (Purdue University)
The Purdue University’s Earthquake Engineering Research Institute student chapter is developing an
outreach program for the West Lafayette and Lafayette area middle schools and high schools to teach the
students about earthquake engineering. The curriculum consists of explaining why earthquakes happen
and building performance in earthquakes. The first demonstration will occur in March of 2012.
A grant was received by the Purdue EERI student chapter for the outreach program to design and build a
portable shake table for the outreach program. The portable shake table is designed for a hands-on
demonstration for the students. Groups of students will get the chance to build a structure out of K’nex or
a similar toy and test the performance of that toy structure on the portable shake table. This hands-on
approach is meant to keep the students engaged and motivated to learn about earthquake engineering.
The portable shake table has a movable base that is 12 inches by 16 inches and is excited using two
different methods. One method is simple sinusoidal motion generated by use of a motor from an electric
drill. The second method is using steel cut-outs of a displacement ground motion records slid across the
side of the movable base only in contact with a roller pin attached to the movable base. The other end of
the movable base is attached to a springs. As the steel cut-out slides across the roller pin, the movable
table will move according to the displacement record cut out in the steel.
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 Prof. Stephanie Chang, The University of British Columbia, Canada
“Dynamics of Urban Earthquake Risk” – 2011 EERI Distinguished Lecture
o A joint event between the Department of Civil and Environmental Engineering and the
Department of Urban and Regional Planning


Prof. Ellen Rathje, The University of Texas at Austin
“Seismic Performance of Earth Slopes”
o A joint event between the EERI Student Chapter and the Geo-Institute Student Chapter



Prof Larry Fahnestock, The University of Illinois at Urbana Champaign
“Reserve Capacity – A New Paradigm for Economical and Reliable Steel Building Design in
Moderate Seismic Regions”

For the Winter 2012 semester, our chapter is looking forward to hosting several more distinguished
guests.
In addition to organizing seminars, our student chapter took the initiative back in 2008 and started a
department wide, student-led Annual Civil and Environmental Engineering Graduate Research
Symposium, which has been carried on since then. This annual research symposium aims to provide a
platform for graduate and undergraduate students to present their research topics to their peers and
faculty. The motivation behind organizing this event is to improve the cross-disciplinary communication
within our department among various programs, including Construction Engineering and Management,
Structural and Materials Engineering, Geotechnical Engineering, and Environmental Engineering and
Water Resources. It is hoped that a channel of communication will be opened that may help students
broaden their horizon and develop more diverse perspectives on their own research work by exposing
them to research being conducted within programs other than their own. Our chapter is looking to
continue the previous successes of the symposium series and is planning to host the next annual event
(fifth) in the Winter 2012 semester.
Chapter members have also been consistently involved in extracurricular and outreach activities and
programs in order to share experiences and knowledge with people both within and outside the
earthquake engineering field. For example, chapter members have been leading laboratory tours for high
school students on Tech Day to encourage them to pursue engineering studies. Also, our members have
been volunteering in the “Building Bridges” outreach program for several consecutive years at local
elementary schools to teach kids how to design bridges using a computer program. Our chapter members
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strongly believe it is their responsibility to promote science and engineering among younger generations
and to encourage young talents to pursue careers in engineering.
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GEORGIA INSTITUTE OF TECHNOLOGY - STUDENT CHAPTER OF EERI
Stephanie German
Graduate Research Assistant & GT-EERI Chapter President, School of Civil & Environmental
Engineering, Georgia Institute of Technology, Atlanta, GA 30332-0355, s.german@gatech.edu
Reginald DesRoches
Professor, Associate Chair & GT-EERI Faculty Advisor, School of Civil & Environmental Engineering,
Georgia Institute of Technology, Atlanta, GA 30332-0355, reginald.desroches@ce.gatech.edu
The Georgia Institute of Technology Student Chapter of the Earthquake Engineering Research Institute
(GT-EERI) is an active chapter that supports the mission of EERI to reduce earthquake risk by advancing
the science and practice of earthquake engineering and improving understanding of the impact of
earthquakes on the physical, social, economic, political, and cultural environment, and above all
advocating comprehensive and realistic measures for reducing the harmful effects of earthquakes. This
chapter consists of graduate and undergraduate students from diverse backgrounds, research interests, and
future goals. True to this effort the student chapter has devised an active program including community
outreach, campus lectures, earthquake awareness activities, and social opportunities.
Given the occurrence of natural disasters in our history that have claimed a great deal of lives and
destroyed so much property, it is essential that engineers become aware of the impending threats of
natural hazards and techniques that can be used to mitigate them. While research at the Georgia Institute
of Technology focuses in many of these areas, a vast majority of the student population is still unaware of
such efforts. Thus, GT-EERI was established to provide the next generation of practicing engineers with a
place to discuss and disseminate the latest developments in the areas of Earthquake Engineering. GTEERI will help prepare them for the challenges which await them in their careers and allow them to
spread earthquake awareness among their peers. GT-EERI also extends its mission to educate and
increase awareness of natural disasters and mitigation techniques around the Georgia Tech campus and
the surrounding community. In particular, the GT-EERI student chapter prides itself in the outreach
activities it sponsors, helping to make a difference in the lives of young people and spreading earthquake
awareness in the Atlanta area.
The Georgia Tech Chapter has developed an extensive community outreach program targeting students
from elementary through high school. The visitation program stimulates interest in engineering,
mathematics, and science, and shares lessons on the earthquake hazard, earthquake preparedness, and
structural response. Over the years outreach activities have been conducted at Miller Grove High School,
Mays High School, Rainbow Kingsley and Oakcliff Elementary Schools, Sagamore Hills Elementary
School, Redan High School, Tri-Cities and Rockdale High Schools, East Valley Elementary School all of
which are located in and around Atlanta, GA. This fall, the chapter visited North Springs Charter School
to educate a group of students in the main areas of civil engineering and provide a hands-on activity
demonstrating earthquake and structural engineering topics. The chapter also participated in the Fernbank
Museum “Ask a Scientist Day” where members spoke with young children and their parents about
earthquakes and their hazards. In addition, the chapter visited the ACE Atlanta program in the spring. The
ACE program is geared towards high school students interested in careers in Architecture, Construction
and Engineering. The GT EERI chapter visited two such programs; educating the students regarding
bridge and seismic engineering, and leading the students in a short bridge design competition using the
West Point Bridge software.
As stated previously, the Chapter seeks to promote awareness of the EERI and topics of interest in the
field of seismic risk reduction. In order to encourage participation and share the goals of EERI with
students and faculty at Georgia Tech, we periodically hold welcome and information sessions regarding
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EERI. The Chapter continues to hold seminars on campus to spread information on current topics in the
field of earthquake engineering and risk reduction across a broad range of disciplines. This fall’s lecture
series has included specialists from Georgia Tech and other companies. Dr. Tom Hanks (USGS), Dr.
Laura Lowes (University of Washington), Dr. Swaminathan Krishnan (CalTech, Friedman Visiting
Professional), Dr. Chung-Bang Yun (KAIST), Dr. Roberto Leon (Virginia Tech) and Dr. Stephanie
Chang (University of British Columbia, EERI Distinguished Lectureer) each visited our EERI chapter in
the past year and gave lectures on their specialties.
The Student Chapter of EERI at Georgia Tech continues to develop programs and participate in events
that promote the objectives of EERI. Feedback from schools and chapter members indicates that our
community outreach activities have been rewarding for the school children as well as for our EERI
members. New school visits and laboratory tours are currently being scheduled and our ears are always
open for new opportunities. Contacts are being made for future potential guest lectures and plans are
underway for the Spring/Fall 2012 seminar series. Finally, members have begun to carry out new
strategies for enhancing awareness of our student group, including presenting to other campus
organizations and organizing effective recruitment activities for the new semester. We look forward to
continued support of the mission of the Earthquake Engineering Research Institute and the active
involvement of students from the Georgia Institute of Technology.

Dr. Tom Hanks of USGS presenting

Dr. Swaminathan Krishnan, Professor at
Cal Tech, presenting

High school students that participated in GT-EERI
hands-on earthquake engineering activities

GT-EERI Chapter members at Fernbank
Museum “Ask a Scientist Day”
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Student Chapter of EERI at University at Buffalo (UB-EERI)
Maria Koliou
Ph.D. Candidate & 2011-2012 Treasurer of UB-EERI, Dept. of Civil, Structural and Environmental
Engineering, University at Buffalo - The State University of New York, Buffalo, NY
mkoliou@buffalo.edu
Konstantinos Oikonomou
Ph.D. Candidate & 2011-2012 President of UB-EERI, Dept. of Civil, Structural and Environmental
Engineering, University at Buffalo - The State University of New York, Buffalo, NY
ko24@buffalo.edu
Apostolos Sarlis
Ph.D. Candidate & 2010-2011 President of UB-EERI, Dept. of Civil, Structural and Environmental
Engineering, University at Buffalo - The State University of New York, Buffalo, NY
aasarlis@buffalo.edu
Petros Sideris
Ph.D. Candidate & 2009-2010 President of UB-EERI, Dept. of Civil, Structural and Environmental
Engineering, University at Buffalo - The State University of New York, Buffalo, NY
psideris@buffalo.edu

ABSTRACT
The Student Chapter of EERI at University at Buffalo (UB-EERI) is an active chapter that supports the
mission of EERI. The majority of the members are registered graduate students in the Department of Civil,
Structural and Environmental Engineering (CSEE) at the University at Buffalo (UB) – State University of
New York. Some members are graduate students in the Department of Economics, the Department of
Education, the Department of Medicine and Biomedical Sciences, the Department of Chemical and Biological
Engineering and others. The UB-EERI is also recognized as a Special Interest Club by the Graduate Student
Association at the University at Buffalo.
A major activity of the UB-EERI Student Chapter is the organization of the UB-EERI / CSEE-GSA / MCEER
/ Dept. of CSEE Seminar Series. This seminar series is co-organized with the CSEE-GSA, the MCEER
(formerly known as the Multidisciplinary Center for Earthquake Engineering Research) and the Department of
CSEE. This lecture series was established during the academic year of 2009-2010. All lectures are recorded,
archived and will soon be available on the Website of the UB-EERI student chapter. Some major lectures
organized during the past year by the Student Chapter of EERI at UB were:








A.Palermo: Senior Lecturer- University of Christchurch New Zealand, “Concept and Development of
Post-Tensioned Low-Damage Solutions For Seismic Resistant Bridge Systems”
D.Lignos : Assistant Professor - McGill University, “Collapse Assessment of Steel Structures Under
Extreme Earthquake Loading: Recent Advancements and Future Directions”
G.P.Cimellaro: Assistant Professor - University Politechnico of Turin,” “Software for Measuring
Disaster Community Resilience According to The Peoples Methodology”
W.T.Holmes : Principal and Structural Engineer - Rutherford and Chekene (EERI Friedman Family
Visiting Professionals Program), “An Update on California’s Program to Seismically Strengthen
Hospitals”
S.Glowny and D.Keller: Weidlinger Associates
A.Rahimian: Chief Executive - WSP Cantor Seinuk, “Nakheel Tower”
M.Bruneau: Professor - University at Buffalo and M. Anagnostopoulou: Structural and Test
Engineer – SEESL of University at Buffalo “Infrastructure Damage from the Christchurch (New
Zealand) Earthquakes”
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A
Apart from this series of acttivities, the UB-EERI
U
orgaanizes and parrticipates in eeducational, social and outrreach
acctivities, such
h as a Departm
mental Poster Competition (CSEE Annuual Graduate Poster Competition), annuual
poot-luck partiees, coffee meeetings, bowlin
ng nights, etc.

CSEE Annual Gradu
uate Poster Com
mpetition
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Holmes, Principaal and Structurral
Engineer - Ruttherford and Chekene
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oulos, Professorr - University off
Torronto

Seminar of W. D. Iwan,, Emeritus Proffessor of Applieed
hanics - Califorrnia Institute off Technology
Mech
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Earthquake Engineering Research Institute
University of California, Davis Student Chapter
UC Davis Student Chapter 2011-2012: Progress and Activities of our First Year out of Inactivity
ABSTRACT
The previous year has been a particularly unique and distinct year for the EERI Student Chapter at UC
Davis. As EERI-UCD’s first year emerging from a long stagnant period we were faced with challenges and
opportunities that we had not encountered before and likely will not again. For EERI-UCD, it was a year
of growth, new ideas and energy, as well as a year of trial met with error. Overall, it was a good year for
EERI-UCD, because several gains were made and even more lessons were learned. As far as the gains:
growth in membership of both graduate and undergraduate students was and continues to be achieved;
more efficient officer roles and responsibilities were defined; officer transitions were conducted
sinuously and the board appointed an additional two officers; a variety of chapter hosted activities were
conducted successfully; and the prospects for EERI-UCD’s future continue to expand as we become
more established as a reliable source for knowledge pertaining to earthquake engineering for the
students at our university and the persons in our surrounding local community. Yet certain goals and
objectives still elude us: we are continuing our efforts to obtain financial and other support from local
industry related institutions; activities to directly improve the software expertise of our members, such
as FEM workshops is still in the planning stages; gaining financial support from our university continues
to present a difficulty; a network outside of the technical fields associated with earthquake engineering
is still a work in progress. We developed a 3 part growth plan in the previous year to organize the
board, establish a basis foundation, and partner with industry. We currently in the 3rd stage of our
growth model and are seeking out support from firms and individuals whose work relates with the study
of earthquake engineering. As shown in this poster presentation, EERI-UCD’s current work, beyond
maintaining the gains obtained in the previous year, is to attain partners within the industry and
complete the 3rd stage of our growth model.
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Earthquake Engineering Research Institute of Penn State
(EERI-PSU)
Michael Payne: President of EERI-PSU
B.A.E/M.A.E in Structures, Architectural Engineering,
The Penn State University, University Park, PA

Abstract
EERI-PSU is a multidisciplinary organization that aims to facilitate earthquake engineering awareness
throughout the University and surrounding area. At a school and region that offers minimal necessary
earthquake curriculum, this club brings future engineers, architects, geologists, economists, and others
together at Penn State to learn more about all aspects of earthquakes and their effect on a site.
Focusing primarily on the structural analysis and design of earthquake resistant structures, EERI-PSU
strives to not only gain a better knowledge of earthquake engineering, but also to apply it, improve it, and
teach it to others. We offer our members many opportunities to further understand the impact of
earthquakes. We offer such things as hands on demonstrations and a special earthquake engineering
speaker series to help educate students. We are even successfully working with the Engineering
Department to offer a full time class on earthquake engineering open to any undergraduate student.
Additionally, we allow students to gain more hands on experience with design and model competitions,
use of structural analysis programs, and several annual trips to places of interest such as the earthquake
research center in Buffalo, NY and the EERI Annual Meeting.
Dissimilar to many of the other student chapters of EERI, the Penn State chapter focuses strongly on the
undergraduate level. We hope that, through our organization, younger college students will learn and
appreciate earthquake engineering sooner and strive for a future in a related field. At the same time,
however, we hope that our organization’s work will help interest more grad students in doing more
seismically related research. In the end, our goal is to increase earthquake engineering interest at Penn
State as a whole
One of the primary goals of EERI-PSU is to also raise awareness and interest in earthquake engineering
all across the east coast. The greatest way to achieve this is to start by bringing interested students from
the different EERI student organizations together. Our organization is starting to plan out a student
convention geared solely towards east coast student members so they can meet, learn, share, and build a
working network that will help improve the future of the organization and its younger members. Including
such things as several lectures, research presentations, and teambuilding exercises, this convention will
help the student organizations come together and work towards a common goal.
This organization aims to increase interest into a subject that Penn State and much of the eastern part of
the U.S. do not strongly focus on or endorse. We are pushing strongly to help produce professionals and
researchers who have a strong interest in earthquakes so that they may better represent our University, as
well as better our country and the rest of the world in their knowledge of earthquake engineering.
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Our Mission:
The objective of the Earthquake Engineering Research Institute at Penn State University is to facilitate
Earthquake Engineering awareness through a multidisciplinary organization aimed at community
outreach. This is accomplished through practical demonstrations and design competitions, as well as
encouraging earthquake awareness through curriculum additions throughout the University. We hope to
provide graduate students interested in varying areas of earthquake study the opportunity to collaborate,
network, and hopefully advance into the job force, as well as teach and train undergraduate students about
earthquakes and seismic design

Officers:
 President– Michael Payne
 Vice President– Justin Kovach
 Treasurer– Jessel Elliott
 Secretary– Brad Oliver
 Outreach– T.J. Klienosky
 Webmaster– Matt Snyder
 CE Graduate Rep– Kyle Karschner
 CE Undergrad Rep– Jose Izquierdo
 AE Graduate Rep – Ksenia Tretiakova
 AE Undergrad Rep– Nicole Trujillo
 Design Team Coordinator– Brian Rose

Fall 2011/Spring 2012 Club Events:
 Earthquake Engineering Speaker Series and Webinar Series
 EERI Annual Meeting in Memphis, Tennessee
 EERI Undergraduate Seismic Design Competition
 Purchasing/Upgrading Seismic Research Equipment
 Trip to MCEER Seismic Research Center in Buffalo
 Mini Convention with University of Buffalo EERI Student Chapter
 Organizing East Coast EERI Student Chapter Conference
 Outreach program to New PSU Students and High School Students
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PURDUE UNIVERSITY EERI STUDENT CHAPTER
President: Erica Fischer
Vice President: Brian Richter
Treasurer: Jeffrey Dowgala
Secretary/Webmaster: Amadin Osagiede
Outreach Chair: Qiaqia Zhu
Faculty Advisor: Dr. Ayhan Irfanoglu, Associate Professor of Civil Engineering
The purpose of The Purdue University EERI Student Chapter is to disseminate knowledge of Earthquake
Engineering, and to develop students professionally. The objective of The Purdue Student Chapter is to
encourage and inform students in reducing earthquake risk. The Purdue Student Chapter can promote
earthquake risk reduction by advancing the science and practice of Earthquake Engineering, by improving
the understanding of the impact of earthquakes on the physical, social, economic, political and cultural
environment, and by advocating comprehensive and realistic measures for reducing the harmful effects of
earthquakes.
In the Fall of 2011, The Purdue Student Chapter hosted the following lectures from guest speakers:
 Nick Alexander (Degenkolb Engineers), “Peterson Building Renovation”
 John Hooper (Magnusson Klemencic Associates), “Performance-Based Seismic Design: Today
and Tomorrow”
 Dr. Stephanie Chang (University of British Columbia), 2011 EERI Distinguished Lecturer,
“Dynamics of Urban Earthquake Risk”
 Dr. Guney Ozcebe (Middle East Technical University), “The 23 October and 9 November 2011
Van-Erciş, Turkey Earthquakes” and “Retrofitting Techniques of RC Frames with Infill Walls:
Proof Tests and Field Application”
In 2012, The Purdue Student Chapter will be hosting lectures from William Holmes (Rutherford &
Chekene) and the 2012 EERI Distinguished Lecturer, Dr. Thomas O’Rourke (Cornell University).
Annual, full-day training workshops have been hosted to raise funds for the chapter activities. In 2011,
The Purdue Student Chapter hosted a Post-Disaster Safety Assessment Training Workshop with instructor
Scott G. Nacheman (CalEMA). The workshop allowed 80 participants to earn certification from the
California Emergency Management Agency (CalEMA) and covered ATC-20 and ATC-45 documents.
This year the Purdue Student Chapter hosted a full day of training with Computers and Structures, Inc.
(CSI) representatives on SAP 2000 and CSI Bridge.
This school year, The Purdue Student Chapter became involved in a number of outreach programs. In the
Fall of 2011, officers from the Purdue Student Chapter gave a presentation about EERI and Earthquake
Engineering to an undergraduate class in the Earth and Atmospheric Sciences Department at Purdue.
Starting in the Spring of 2012, the Purdue Student Chapter will begin a High School and Middle School
outreach program to teach students about Earthquake Engineering and Earthquake Risk Reduction.
Chapter members will introduce Earthquake Engineering through a presentation, and then students will
construct building models out of K’NEX toys and test their buildings on a portable shake table (being
built by The Purdue Student Chapter). The Purdue Student Chapter has been running a Haiti textbook
drive through which chapter members have been collecting textbooks from Purdue students and faculty.
More than 150 engineering textbooks will be sent to the State University of Haiti so that they may begin
to rebuild their library.
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IOWA STATE UNIVERSITY EERI STUDENT CHAPTER ACTIVITIES FOR THE 2011 – 2012
ACADEMIC YEAR
Kyle Vansice (presenter)1, Bradley Fleming2, Mohammad Fotouhi3, Xiao Liang4, Aaron Shelman5,
Jessica Garder6, Venkata Kollipara7, Sriram Aaleti8, and Sri Sritharan9
1

Undergraduate Seismic Design Committee Chair, Civil, Const. & Env. Engineering, Ames, Iowa 50011
Student Chapter President, Civil, Const. & Env. Engineering, Ames, Iowa 50011
3
Student Chapter Treasurer and Shake Table Committee Chair, Civil, Const. & Env. Engineering, Ames,
Iowa 50011
4
Student Chapter Secretary, Civil, Const. & Env. Engineering, Ames, Iowa 50011
5
Discussion Committee Chair, Civil, Const. & Env. Engineering, Ames, Iowa 50011
6
Education Outreach Committee Chair, Civil, Const. & Env. Engineering, Ames, Iowa 50011
7
Software Workshop Committee Chair, Civil, Const. & Env. Engineering, Ames, Iowa 50011
8
Guest Speaker Organization Committee Chair, Civil, Const. & Env. Engineering, Ames, Iowa 50011
9
Student Chapter Faculty Advisor, Civil, Const. & Env. Engineering, Ames, Iowa 50011
2

The Earthquake Engineering Research Institute (EERI) Student Chapter is a newly formed student
organization at Iowa State University (ISU), having completed our application and approved by EERI on
December 14, 2011. Since planning began in the fall of 2011, the chapter has recruited a total of 15
student members of EERI and another 13 interested in becoming members. There are currently six
different projects for this year within the ISU student chapter and six committee leaders are working hard
to develop projects that will enhance the knowledge of earthquake engineering and to encourage
participation among members and students at ISU. These projects are aimed at running educational
outreach, designing and constructing a small mobile shake table, organizing a routine software workshop,
conducting journal paper discussion, organizing guest speakers, and engaging undergraduate students in
EERI seismic design competition.
As part of our efforts to promote the field of earthquake engineering, the Education Outreach Committee
was started to develop relationships with students in the Ames area and to raise community awareness
about the dangers of earthquakes and methods to mitigate their effects. With the construction of a mobile
shake table and the support from volunteers, the committee hopes to extend their mission to students
across the Midwest and demonstrate the dynamic behavior of geotechnical and structural systems. To
date, the group has developed “Earthquake Engineering Day”, an outreach event tentatively set for April
21, 2012, where middle school students in the Ames area come to the ISU campus for a full day of
earthquake instruction. The activities on this day will include: (1) learning basic structural engineering
principles; (2) using an interactive web-based program to design bridges and subject them to an
earthquake ground motion (http://eduweb.com/portfolio/bridgetoclassroom/); (3) watching the volunteers
use an apparatus that demonstrates the conditions necessary for liquefying sand; (4) learning about soil
improvement by using Jell-O as the soil and a shake table to simulate an earthquake; (5) allowing the
students to design and build a structure and foundation from a predetermined number of K'NEX pieces;
and (6) creating an earthquake event where each team will get to shake their building on the shake table to
see how well their building performs.
A Shake Table Committee was also formed to build a shake table for use in the aforementioned
educational outreach, undergraduate/graduate instruction, and EERI seismic design competition testing.
The committee started its planning in December of 2011 and gather once every two weeks to share ideas
and review activities. A study is underway to investigate two options; (1) improve ISU’s exiting shake
table or (2) construct a new shake table based on the available budget and practical needs of the
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organization. Requirements such as payload, stroke length, velocity, and acceleration dictate the design
and cost of the system. A payload of 200 pounds (weight) enables us to use the shake table in
demonstrating the behavior of geotechnical systems under dynamic loading. However, this considerably
increases the cost of option two and must be carefully evaluated in our feasibility study. Based on the
recommendations from members of the University Consortium on Instructional Shake Tables (UCIST),
the maximum requirements for stroke length, velocity, and acceleration were initially set at +/- 2 inches,
+/- 20 inches per second, and a magnitude equal to the gravitational constant, respectively. It is the ISU
EERI student chapter’s goal to be a part of this program once the new shake table is constructed.
A committee was formed to organize a “Software Workshop” which aims at increasing awareness of
software packages available for the analysis of the geotechnical and structural systems under various
dynamic loading. To date, the committee has organized a week of events to demonstrate a variety of
analysis tools. Presenters from ISU, comprised mostly of higher level graduate students, have been
selected to showcase the software they use regularly in their research. These software packages include,
STADD, LPILE, OpenSees, and SAP2000. There will also be a guest speaker from the Mechanical
Engineering department at ISU, Dr. Baskar Ganapathysubramanian, who will be giving a lecture on the
modeling of materials. The Software Workshop is tentatively set for the last week of February, 2012.
To promote intellectual discussion among members of the student chapter, a Journal Paper Discussion
Committee was formed. The purpose of this committee is to discuss a paper of interest in earthquake
related material. Also, the group gathers to watch webinars offered by EERI and other organizations.
The planning for a seminar series is underway and is headed by our Guest Speaker Organization
Committee. To date, we have invited Dr. T. Leslie Youd from Brigham Young Universtiy, Dr. Tom
O’Rourke from Cornell University, Dr. Partha Sarkar from Iowa State University, and Dr. Baskar
Ganapathysubramanian from Iowa State University. All have agreed to participate in the seminar series.
Tentatively, Dr. Youd will be visiting ISU on April 19, 2012 to speak about his involvement in
liquefaction research. Dr. O’Rourke will be speaking in the fall of 2012 about the long term effects of
natural hazards. Dr. Sarkar will be speaking in March, 2012 about the effects of wind on structures.
For undergraduate students in the Midwest, earthquake engineering is a relatively unknown and
unconventional discipline. The Undergraduate Seismic Design Committee has made it their number one
priority to engage students at ISU in earthquake engineering by encouraging them to participate in the
EERI Undergraduate Seismic Design Competition. This competition allows for the incorporation of
concepts learned in the classroom with the practical understanding of how these concepts are applied in
real world applications. The committee’s progress in developing a design for the competition promotes
teamwork and offers a more dynamic perspective to the current civil engineering curriculum at ISU.
This being our first entry, we are working from the ground up to put together an energetic team of
students, incorporate multiple engineering disciplines found here at ISU, and to develop our base design
for future competitions. Our design is modeled after the Hancock Center in Chicago, IL with added
earthquake resilient mechanisms such as semi-viscous dampers and a rocking inner core. This building
was chosen because of its significance to the Midwest and its innovative structural scheme. Our structure
is to be the maximum allowable height of 60 inches (29 stories) and will be built out of standard balsa
wood. The well renowned cross-bracing shown in the exterior façade of the building will be emulated in
our design. Dampers will be used in both the cross-bracing as well as in the beams spanning between the
exterior and the inner core. By competition time, the Undergraduate Seismic Design Committee will have
spent roughly four months learning concepts of seismic design and analysis, putting together an efficient
design, constructing two full scale models of this design, testing it using our own shake table, and finally
contributing all lessons learned into the construction of a structure that creates a sense of pride within the
ISU Engineering Department and is competitive at the design competition.
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PERFORMANCE OF RC BUILDINGS UNDER THE MARCH 11 EARTHQUAKE
SEQUENCE IN JAPAN
Adel E. Abdelnaby, PhD Candidate
Research and Teaching Assistant, University of Illinois at Urbana Champaign
The aim of this study is to investigate the behavior of reinforced concrete moment resisting frames
subjected to earthquake motions resulting from the March 11 Tohoku (Japan) earthquake sequence.
Ground motions measured at three stations were used in this study. The response of reinforced concrete
frames, designed using different approaches, were investigated analytically using suitable steel and
concrete material models. The results presented in this study clearly indicate that the response of
degrading structural systems is appreciably influenced by strong-motion sequences in a manner that
cannot be predicted from simple analysis. The case for developing design and assessment methodologies
for structures subjected to more than one earthquake is emphasized.
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DOWNTIME ASSESSMENT FOR WOODFRAME RESIDENTIAL BUILDINGS

Qingyuan Li1 and Judith Mitrani-Reiser2
1

2

M.S.E. Graduate, Department of Civil Engineering, The Johns Hopkins University
Assistant Professor, Department of Civil Engineering, The Johns Hopkins University

1. Significance and Purpose of the Research
ATC-58 defines downtime of a damaged building as the time required between the occurrence of an
earthquake and the achievement of the full recovery of the building. Along with casualties and direct
economic costs, downtime is recognized as one of three main types of earthquake losses (ATC, 2009;
2011). Downtime is more common than casualties caused by building collapse and can be more disruptive
than direct economic loss due to damage to finishes. Especially at the time when safety and survival of
individuals in the United States can be ensured, new focus on the earthquake impact is drawn to the
survival of communities, which depends on the functionality of buildings. Thus, a client’s attention to
downtime and resilience might result in different decisions regarding building purchase or retrofit
(Bonowitz, 2011).
To fully recover the functionality of a building to its pre-earthquake state, effort and time are required to
inspect the facility, ascertain the degree of structural, nonstructural, or hazardous materials damage, make
decisions to close, or repair the facility (Comerio, 2006). Too many uncertainties in the resources
contributing to the downtime make it difficult to build accurate downtime models. It is well accepted to
divide downtime into mobilization time and repair time, which are termed as irrational and rational
components respectively. The time associated with inspection, financing, relocation, and other economic
and regulatory factors, is called mobilization time, and the repair time is the time needed to repair all the
damage. While uncertainties exist in both components, some approaches have become available in recent
years to address this issue, such as relating mobilization time of a building to its tagging color (MitraniReiser, 2007), and assessing repair time by construction trade by operational unit (ATC, 2011). The intent
of this research is to apply these methodologies and to verify their rationality on two CUREE-Caltech
Woodframe Project index buildings and their seismic retrofit measures, to assess the effectiveness of
those seismic retrofit measures in reducing downtime, and to help the homeowners in California who
consider downtime as a key factor when purchasing or retrofitting buildings to make easier decisions.
2. Method of Downtime Estimation
The methodology used to estimate the mobilization time is to first determine on the building’s safety
tagging color for an intensity-based assessment and then determine the mobilization time based on the
tagging color given the assumption that the more severe the damage is, the longer the mobilization time
will be. The challenge in this method then becomes to determine the tagging color of the damaged
building. Virtual inspector developed by Mitrani-Reiser et al. (2009) was used in this research to decide
on tagging color of the study buildings. The total repair time of each operational unit is calculated by
summing the time required for each construction trade. This is done by calculating repair time needed by
each construction trade for each performance group first and then summing through all performance
groups to obtain the total repair time needed per construction trade. The operation details are summarized
as below:
• The repair time needed by each construction trade for each performance group is calculated by
multiplying the repair quantity by the unit repair time.
• The required construction trades and the unit repair time of each trade to repair the damage in
each performance group are dependent on the damage state of that performance group.
To deal with the uncertainty in the damage state, Monte Carlo simulation is applied in the procedure in
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conjunction with a random number generator used to select the damage state for each performance group
given the fragility functions and results of the structural analysis.
3. Supporting Simulation
Two index buildings (small typical house and large typical house) and their respective seismic retrofit
measures borrowed from CUREE-Caltech Woodframe Project constitute the 5 study buildings examined
in this research. These buildings, which include features typical of residential buildings, are chosen to
indicate the diversity of the wood-framed residential buildings in California (Porter et al., 2002). Not only
the general analytical methodology of estimating downtime is illustrated on these buildings, specific
results and conclusion of these buildings are able to be indicative of the advantage of the seismic retrofit
measures in terms of effective downtime cut and booth the confidence of homeowners of similar
residential houses to apply similar seismic retrofit to their house if downtime is the key earthquake loss
they consider. The retrofit measure chosen for the small typical house is to reinforce the cripple walls
with OSB sheathing along their length (Retrofit No.1), while two retrofit measures tested for large typical
house are adding OSB panels above and below all door and window openings (Retrofit No.2) and
replacing all shear walls by OSB walls 15/ 32 in thick (Retrofit No.3). Ruaumoko developed in New
Zealand is the software package used in this study to perform the non-linear time history structural
analysis of these buildings. The results of the structural analysis are then used as the feed to determine the
downtime using the method described in Section 2.
4. Results and Conclusion
Both the original index buildings and their respective retrofit measures were assessed in this research by
using the methodology stated above to find out the downtime. For the small house model, the collapse
rate was reduced by around 55% and total downtime was reduced by around 33% by introducing the
seismic retrofit measure. For the large house model, there is no significant downtime reduction by
introducing the Retrofit No. 2, while downtime was reduced by about 12% by introducing Retrofit No.3.
The main contribution of the downtime reduction for the small house is the reduction in collapse rate,
which reduced both the repair time and the mobilization time significantly. Alternatively, the large house
has a low probability of collapse, and thus the reduction downtime is driven by an overall reduced repair
time associated with less severe damage of each performance group. Retrofit No.1 for the small house and
Retrofit No.3 for the large house are validated to be able to effectively reduce the downtime for the
respective buildings.
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FRAGILITY CURVES FOR BUILDINGS SUBJECTED TO EARTHQUAKE SEQUENCES
Authors: Meera Raghunandan1, Abbie Liel2
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Buildings in a seismically active region may be subjected to a sequence of earthquakes over a short period
of time. These sequential seismic events include mainshock-aftershock earthquakes and multiple
earthquakes from separate events occurring in a short period of time. Often, repair or retrofit activities are
not possible on all the structures between these closely-spaced events, causing an accumulation of
damage from event to event, affecting the fragility of the buildings. Therefore, post-earthquake building
tagging and inspections are important for ensuring the safety of the occupants. The New Madrid 18111812 earthquakes, consisting of three mainshocks and one aftershock, all having M>7.0 occurred over a
span of 3 months. The repetition of such a seismic event can cause widespread damage to structures and
the increased vulnerability of structures in these situations has not been evaluated extensively yet. This
poster describes one approach for post-earthquake evaluation of structures in performance based
earthquake engineering framework. The probabilistic methodology used in this method, along with the
nonlinear dynamic analysis of an archetypical building model, will present a systematic procedure to
assess the post-earthquake damage of existing buildings.
In this study, damage fragility curves are evaluated using probabilistic methods and nonlinear simulation
models for a 4-story non-ductile reinforced concrete building, designed and detailed according to Uniform
Building Code in 1960’s for highest seismic risk region in United States at that time. The analytical
model is simulated in OpenSees using lumped plasticity beam and column elements and nonlinear joint
shear springs along with large deformation P-delta geometric transformations. The building model is
capable of capturing the strength and stiffness degradation of the structure as the damage progresses,
leading to structural collapse. An incremental dynamic analysis procedure, using a suite of recorded
ground motions, is used to measure structural response. The structure is subjected to first earthquake
event and analyzed. The damaged structure is then subjected to the next event. The post-earthquake
building fragilities are calculated for buildings that are “moderately” and “extensively” damaged during
the first event. The “moderate” damage state corresponds to initial yielding of columns in the building
and “extensive “damage state is related to spalling or rebar buckling in columns.
The results provide quantitative assessment of collapse risk following an earthquake for the 4-story nonductile building. Preliminary analyses indicate that the collapse fragility of the building that are in a
“moderate” damage state after the first event, is not significantly increased due to the second event. On
the other hand, the “extensive” damage during the first event can make the building more fragile during
the second event, which is indicated by the decrease in the median collapse capacity of the building. The
methodology used in this paper can be further used to evaluate collapse risk of different existing
structures in a post-earthquake scenario.
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Impact of Seismic Codes on the Building Performance in the Caribbean
Laura Redmond, Ph.D. student
Civil and Environmental Engineering, Georgia Institute of Technology

The 2010 Haiti earthquake was a strong reminder of the seismic hazard in the Caribbean, and the fact that
many buildings in the region are inadequately designed for earthquake loads. The US Geological Survey
(USGS) responded to the 2010 Haiti earthquake by updating the region’s seismic hazard maps. However,
it is common engineering practice in the Caribbean to use older seismic hazard maps and to use outdated
building codes. These practices could produce a large variation in building designs, especially in Trinidad
which experienced significant changes to design spectral accelerations after the USGS updated the
seismic hazard maps. These updates resulted in a large increase in the 2475 year return period ground
accelerations at 0.2 second periods, SDS, while the ground accelerations at 1 second periods, SD1, remained
relatively unchanged. In previous maps, SDS was significantly smaller than SD1 and designers needed to
artificially increase SDS to account for the abnormally large SD1 in order to be compatible with the
International Building Code (IBC). Trinidad is also of particular interest because designers are permitted
to use three different seismic codes: the IBC, Uniform Building Code (UBC) and Structural Engineering
Association of California (SEAOC) code, where most Caribbean nations only recommend one. For these
reasons, Trinidad is chosen as a case study to assess the impact of using older codes and spectral
acceleration maps. The objective of this study is to compare buildings designed by each of the three
building codes accepted in Trinidad: the IBC, SEAOC and UBC, for two different soil profile categories,
using spectral maps from 2003 and 2011. First, a single concrete building is designed to satisfy the
gravity design requirements of all three codes. Then this design is augmented to satisfy the seismic design
requirements of IBC 2007, UBC 1997 and SEAOC 1999 using the spectral maps from 2003, resulting in
three new building designs. Similarly, three additional designs are created satisfying the seismic
requirements of IBC 2012, UBC 1997, and SEAOC 2009 using the 2011 spectral maps. This entire
process is repeated for a second soil profile category, resulting in a total of twelve building designs. The
twelve different building designs are then modeled in GTSTRUDL, and each is subjected a suite of
motions using historic ground motion records from Trinidad. The physical differences between the
designs with regard to member sizes and rebar sizes are discussed and the performance of each building
as a result of the suite of ground motions is highlighted. Results are used to compare building
performance between existing and new construction using different design procedures and soil profiles.
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OPTIMIZATION OF MR DAMPER PLACEMENT IN SEMI-ACTIVE SEISMIC CONTROL OF
STRUCTURES USING A GENETIC ALGORITHM
Sanaz Saadat1, Fereidoun Amini2, Charles V. Camp3

Abstract
Semi-active control of structures using magneto-rheological (MR) dampers has been introduced as a
method to improve the dynamic behavior of structures subjected to external loads such as earthquake.

Positioning of MR dampers affects the performance of this control strategy greatly, therefore
optimum positioning of dampers is of great concern. In order to obtain optimal damper distribution, a
genetic algorithm, is implemented. In the field of structural engineering, reduction in structural
damage and discomfort of inhabitants during strong seismic excitations are some of the most important
goals to be achieved. Structural damage and discomfort of structure’s occupants are closely related to
displacements and accelerations at floor levels of structure. In this study, different objective functions are
considered in this paper to account for reduction in displacements and accelerations at the floor levels.
Results of semi-active control on several structures subjected to various earthquake records are compared.
Keywords: MR damper, semi-active control, genetic algorithm
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Nonlinear Modeling and Seismic Evaluation of NON-Ductile Concentrically Braced Frames
WEN, Rou1 and SHEN, Jay2;
Abstract:
Seismic performance of Non – Ductile Concentrically Braced Frame (ND-CBF) has been paid more
attention in the regions with low and moderate seismicity activities recently because of their low ductility
detailing requirements for design and construction. It is expected that ND-CBFs have no fuse elements to
dissipate energy when subject to even low or moderate ground shakings. However, resilient performances
of seemingly brittle steel braced frames observed from the past earthquakes reveal the reserved strength
from gravity frames can delay and/or prevent immediate global collapse under design earthquake. The
seismic behaviors of ND-CBFs haven’t been understood completely due to two reasons: lacking of solid
analysis model for local structural members and complexity inherent in the seismic analysis of such
structures having abrupt strength lost, in addition to the fact that little experimental work is available for
ND-CBF in the literature.
In this work, one 3 story and one 9 story ND-CBFs were designed using small response modification
coefficients (R=3). The nonlinear finite element technologies were conducted to develop structural
models for key structural members in ND-CBF, such as the brace connections and the connections in the
gravity frames including concrete slab contribution. One axial force hinge model featuring sudden
strength lost and one un-symmetry gravity connection models considering concrete slab have been
developed to facilitate the structural analysis.
Three 2-dimension global structural models having increased local modeling complexity were developed
for each building. Model series A only considered the main braced bays, and the steel gravity frames were
included in the Model series B and C. Pushover analysis and nonlinear dynamic analysis have been used
to study the system behaviors.
The seismic assessments were conducted under the framework proposed in FEMA P695 for ductile
seismic load resisting frames through incremental dynamic analysis. Four different damage levels were
defined based on the components damage details. The inter story drift ranges corresponding to each
damage levels were evaluated to identify the seismic performance level of such structures. The collapse
margin ratio for each model at different damage levels was calculated.
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SEISMIC ANALYSIS OF CONCRETE MOMENT RESISTING FRAMES REINFORCED WITH
STEEL, FIBER REINFORCED POLYMER AND SHAPE MEMORY ALLOY COMPOSITE
REINFORCEMENT
Adeel Zafar1 and Bassem Andrawes2
1
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Abstract
For many years, steel has been used as a reinforcing material for most of the reinforced civil engineering
structures. Due to the common availability of ferrous ore, development of steel industry and the material
strength of ferrous element, steel has been used widely to reinforce concrete structures both in flexure and
shear. Despite its requisite stiffness, strength, ductility and desired deflection properties, steel structures
have deteriorated over time due to corrosion. This deterioration leads to repairs or even replacement,
causing significant cost increase of the whole system. Fiber reinforced polymer (FRP) reinforcing bars
have been used in concrete structures as alternate to conventional steel reinforcement, in order to
overcome corrosion problems. However, due to the linear behavior of the commonly used reinforcing
fibers, they are not considered in structures which require ductility and damping characteristics. The use
of superelastic shape memory alloy (SMA) fibers with their nonlinear-elastic behavior as reinforcement in
the composite could potentially provide solution for this problem. Small diameter SMA wires are coupled
with polymer matrix to produce SMA-FRP composite which is sought in this research as reinforcing bars.
SMA-FRP bars are sought in this study to enhance the seismic performance of reinforced concrete (RC)
moment resisting frames (MRFs) in terms of reducing their residual inter-storey drifts while still
maintaining the elastic characteristics associated with conventional FRP. Three storey one bay and six
storey two bay RC MRF prototype structures are designed with steel, SMA-FRP and glass-FRP
reinforcement. Incremental dynamic analysis technique is used to investigate the behaviors of the two
frames with the three different reinforcement types under a suite of ground motion records. It is found that
the frames with SMA-FRP composite reinforcement exhibit higher performance levels including lower
residual inter-storey drifts, high energy dissipation and thus lower damage, which is of essence for
structures in high seismic zones.
Keywords: Fiber reinforced polymer, Shape memory alloys, Reinforced concrete, Moment resisting
frames, Performance based design, Incremental dynamic analysis.
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Seismic Councils and Commissions Meeting
Peabody Hotel
Venetian Room

April 11, 2012
6:00 – 9:00 p.m.

Agenda
Meeting Facilitators: CliffordDeBerry, West Tennessee Seismic Safety Commission, and Peter
McDonough, Utah Seismic Safety Commission and Western States Seismic Policy Council
Board Member
6:00 – 6:30 p.m.

Icebreaker hosted by West Tennessee Seismic Safety Commission/EERI

6:30 – 7:00

Opening, Call to Order, Roll Call, Approval of Agenda, Introductions

7:00 – 8:30

Making Commissions more effective
• Areas of common interest and challenges
• Motivating commissioners
• Working on a minimal budget
• Communicating the Risk to the Public
• How can we help each other – Fostering Communication
Products and Policies
• Effective Products, Policies, and Initiatives
• Model Legislation to share
• What WSSPC policies have proved useful
• Are there policy gaps, needs, or initiatives that multiple
commissions could be more effective by collectively tackling?

8:30 – 9:00 p.m.

New or Additional Business and Final Comments
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2012 EERI ANNUAL MEETING & NATIONAL EARTHQUAKE CONFERENCE
CONCURRENT SESSIONS 1-6

THURSDAY, APRIL 12
Assessing Vulnerabilities
7 am–5 pm
REGISTRATION CONTINUES

EAST MEZZANINE

7:00–8:00 am
EERI COMMITTEE MEETINGS
6:30–8:00 am
CONTINENTAL BREAKFAST

1:30–3:00 pm
FOREST ROOM
1. Advances in Early Warning
Moderator:
Bill Steele, University of Washington
Speakers:
ShakeAlert: Earthquake Early Warning in the U.S.:
Doug Given, USGS; Peggy Hellweg, UC Berkeley;
John McPartland, BART

See p. 17
GRAND BALLROOM C,D,E,F

8:00–8:20 am
PLENARY
2010-11 EERI/FEMA NEHRP GRADUATE FELLOW: Moving
Minds, Moving Policy: What the City of Berkeley’s Soft-Story
Ordinance Can Teach Us About Motivating Property Owners
to Retrofit: Sharyl Rabinovici, University of California
Berkeley
8:20–9:00 am
2012 EERI DISTINGUISHED LECTURE
The New Normal for Natural Disasters:
Thomas O'Rourke, Cornell University

1:30–3:00 pm
VENETIAN ROOM
2. Overcoming Barriers to Mitigation & Retrofitting
Moderator:
Sandra Knight, FEMA
Speakers:
Challenges in Seismic Retrofitting MLGW Facilities: Jay
Stressel, Memphis Light Gas & Water
University of Memphis Cecil Humphreys Law School Retrofit:
Scott Fleming, Fleming Assoc.
Memphis/Shelby County Building Code Adoption and
Challenges: Robert Paullus, Paullus Structural Consultants

PLENARY

9:00–10:30 am
PLENARY
LARGE, VULNERABLE AND CRITICAL INFRASTRUCTURE
Dams, bridges, and nuclear power plants: What can be done
to ensure their functioning without serious interruption after
an earthquake?
Moderator: Shahram Pezeshk, University of Memphis
Speakers:
Challenges to Dam Hazard Mitigation in the U.S.:
Sandra Knight, FEMA
Seismic Design Practice of the Tennessee Department of
Transportation: Ed Wasserman, Modjeski and Masters
A Reassessment of Seismic Hazards and Risk at Nuclear
Power Plants in the U.S.: Jon Ake, U.S. Nuclear Regulatory
Commission
10:30–11:00 am
BREAK

1:30–3:00 pm
HERNANDO DESOTO ROOM
3. Incorporating Aftershocks in Risk Analysis
Moderator:
Oliver Boyd, USGS
Speakers:
Revising Canterbury, New Zealand, Seismic Levels to
Account for Time-Varying Hazard from Continuing Canterbury
Earthquake Sequence: Matt Gerstenberger, GNS Science
Post-Mainshock Probabilistic Risk Quantification: Why and
How? Nicolas Luco, USGS
Quantifying Mainshock-Aftershock Collapse Probabilities for
Woodframe Buildings: John van de Lindt, University of
Alabama
Aftershock Collapse Fragility for Mainshock-Damaged
Reinforced Concrete Buildings: Abbie Liel, University of
Colorado
y

GRAND BALLROOM C,D,E,F

11 am–12 noon
PLENARY
EARTHQUAKES AND CASCADING FAILURES
Moderator: Rob Williams, USGS
Speakers:
How Can Our Understanding of the Risk of Cascading
Failures Be Used to Help Build Resilience? Chris Poland,
Degenkolb Engineers
Cascading Failures in Catastrophic Earthquake Events ― The
Risk Finance Perspective: Craig Tillman, Weather Predict
Consulting

1:30–3:00 pm
GRAND BALLROOM A & B
4. Nuclear Power Plants: Fukushima & U.S.
Moderator: James Beavers, JEB Consultants
Speakers:
The Central and Eastern U.S. Seismic Source Characterization for Nuclear Facilities (CEUS SSC) Project: Larry
Salomone, EPRI Consultant
Challenges in Seismic Hazard Analyses in the U.S. in the 21st
Century: Are We Addressing the Extreme Events? Ivan Wong,
URS Corporation
The Fukushima Dai-Ichi Nuclear Plant Accident:
George Flanagan, Oak Ridge National Laboratory

12:00–1:30 pm
GRAND TENNESSEE BALLROOM
LUNCHEON AND PRESENTATION
Timothy Galarnyk, Construction Risk Management,
Inspector America (History Channel)

LEARNING FROM THE PAST TO PROTECT THE FUTURE
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2012 EERI ANNUAL MEETING & NATIONAL EARTHQUAKE CONFERENCE
1:30–3:00 pm
LOUIS XVI ROOM
5. Network Analysis: Complexity of Interdependency
Moderator:
Chris Poland, Degenkolb Engineers
Speakers:
A Three-Service Utility’s System Interdependencies: Analysis
and Mitigation Efforts: Rick Bowker, Memphis Light Gas &
Water
Understanding Interdependent Infrastructure Systems:
Modeling Insights and Practical Challenges: Leonardo
Duenas-Osorio, Rice University

3:30–5:00 pm
PLENARY
UNDERSTANDING AND COMMUNICATING RISK
What are effective means of understanding and communicating risks to the public and what are examples of
successful communication?
Moderator: Maiclaire Bolton, RMS
Speakers:
Earthquake Policy: Communicating Information to Those in
Power: John Bwarie, USGS
Evaluating and Communicating Seismic Risk in LowProbability/High-Consequence Earthquake Regions:
Terry Tullis, Nat'l EQ Prediction Evaluation Council
From Awareness to Action: The Values-Based Message:
Kate Long, California EMA
Incorporating Societal Safety Issues into Businesses:
Lucy Arendt, University of Wisconsin

1:30–3:00 pm
SKYWAY ROOM
6. Community Preparedness
Moderator: Cecil Whaley, Tennessee EMA
Speakers:
Community Preparedness, Resilience, and Recovery:
Elaine Clyburn, W. Tenn. Seismic Safety Council
Earthquake Preparedness Initiatives Taken by the American
Red Cross: David Kitchen, American Red Cross
Memphis South Main Retrofit Demonstration Project:
Dmitry Ozeryansky, Ozeryansky Engineering
Ken Skalitzky, FEMA
3:00–3:30 pm
BREAK

5:00–5:15 pm
CLOSING REMARKS, DAY 2

PLENARY

5:15–6:00 pm
EERI BUSINESS MEETING

PLENARY

6:00–7:30 pm
GRAND BALLROOM C,D,E,F
GENERAL RECEPTION & POSTER SESSION
7:00–8:00 pm
LOUIS XVI ROOM
EERI SUBSCRIBING MEMBERS AND MAJOR DONORS
RECEPTION

GRAND BALLROOM C,D,E,F

8:00–10:00 pm
COMMUNITY EVENING PRESENTATIONS

LEARNING FROM THE PAST TO PROTECT THE FUTURE
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FOREST ROOM

Social Science Committee Meeting
Chair: Lucy Arendt
THURSDAY, APRIL 12
7:00 to 8:00 a.m.
Ben Hollander Room
AGENDA
1. Introductions
2. Request from the EERI Board:
Developing a topic or topic options for a social science monograph
a. Ideas for a topic (e.g., the role of the social sciences in reconnaissance
research, raising funds for social science research, enhancing the role of
social science researchers in the seismic safety community)
b. Who’s interested in researching and writing a monograph
c. Timeline for researching and writing a monograph
3. Updates on what social science researchers are doing
4. Other items as requested by those attending the meeting
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2012 STRONG MOTION FORUM

As the chair of the EERI Strong Motion Committee, I would like to invite you to attend
the 2012 Strong Motion Forum. The forum will be held this year on April 12, from 7:00
to 8:00 AM in the Louis XVI Room of The Peabody Memphis Hotel. Historically, the
committee has provided EERI members the opportunity to share ideas and projects
related to strong motion instrumentation at the annual meetings. The guidelines of the
committee are to:
1. encourage the continued development, expansion, and the maintenance of strong
motion instrument deployment in the United and other strategic locations throughout
the world,
2. recommend uniform standards for the processing and interpretation of strong motion
records and advise on how the data can be related to the performance of structures
and the preparation of design criteria and
3. recommend methods for dissemination of data, including educational programs and
seminars.
The term “Strong Motion” no longer refers solely to instrumentation and data used by
engineers and seismologists. Rather, it has been greatly expanded to include tools that
provide valuable information to the public for emergency planning and response, and
databases that store and provide data to users in a user-friendly manner.
This meeting is open to all conference participants, as is membership on the Strong
Motion Committee.
Marcia McLaren, Chair
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EERI Strong Motion Forum Agenda
April 12, 2012
7:00 – 8:00 AM
Louis XVI Room
The Peabody Memphis Hotel
Memphis TN
Continental breakfast for all attendees!
7:00 – 7:15 Opening Remarks/ Improving Seismic Monitoring in the Las Vegas
Valley and CESMD Update – Woody Savage, Consultant, Las Vegas, NV (Forum chair
for Marcia McLaren, PG&E, San Francisco CA)
7:15 – 7:25 Autonomous, Low-Maintenance Accelerograph – The QuakeRock
Instrument – Tony Shakal, CGS, Sacramento CA
7:25 - 7:35
Strong Motion Recordings from the 2008 Wenchuan Main Event and
Aftershocks–Zhenming Wang, Univ. Kentucky, Lexington KY
7:35 – 7:45 Automated Damage Detection and Alerting System of Instrumented
Hospital Buildings– Erol Kalkan, USGS, Menlo Park CA
7:45 – 7:50 NEES building monitoring of aftershocks in Christchurch – Bob
Nigbor, UCLA, Los Angeles, CA
7:50 – 8:00 Comparison of Various Ground Motion Prediction Equations Using
the Hybrid Empirical Method – Ken Campbell, EQECAT, Oakland CA-
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Moving Minds, Moving Policy: What the City of Berkeley’s Soft-Story
Ordinance Can Teach Us About Motivating Property Owners to Retrofit
Sharyl J. M. Rabinovici
Seismic safety deficiencies in existing buildings pose a serious threat to community resilience,
economic security, and human welfare worldwide, and developed nations are not immune. Despite steady
progress in the creation of technical mitigation know-how, however, seismic safety advocates still
struggle to get earthquake risk reduction onto the agendas of policymakers, organizations, and individuals
alike.
This presentation summarizes a qualitative investigation into the earthquake beliefs and structural
mitigation behaviors of a group of rental property owners in Berkeley, California. In 2005, 16 years after
the Loma Prieta earthquake, the City of Berkeley passed a Soft-Story Ordinance (BSSO) that placed
notice on the title of 321 suspected soft-, weak-, or open- first story wood frame pre-1997 apartment
buildings with five or more units. It required each owner to have an engineer evaluate their property
within two years, and if a soft-story condition is confirmed, they must post warning signs on-site and
inform tenants in perpetuity. Even though the law did not require owners to do a seismic upgrade, over
twenty percent voluntarily took that costly extra step. As such, the BSSO constitutes one of the most
comprehensive and promising policy experiments on this topic to date.
To explore the case, I conducted 43 in-depth interviews with a sample of affected Berkeley
apartment owners (N=38) plus a small set of owners who did soft-story retrofits prior to the law (N=5).
Using a mix of open-ended and survey questions, I developed a rich description of who these owners are
and how they think about earthquakes and mitigation. My strategy for understanding how the law
influenced owner decisions was to compare pre- and post- law retrofitters to non-retrofitters with an
emphasis on risk perceptions, social perceptions, and individual differences (including demographic traits,
personal background, and personality factors). To put this information in context, I also interviewed 22
key stakeholders involved in developing and implementing the policy.
My central finding is that the ordinance set in motion a series of mutually reinforcing changes to
the social context surrounding owner mitigation decisionmaking. These altered social perceptions were
instrumental to the BSSO’s moderate but encouraging degree of impact, producing behavior change that
exceeded what mere changes in hazard awareness alone could have accomplished. In particular, I found
that new concerns about earthquake risk were accompanied by new concerns about the financial position
and regulatory “vulnerability” of the property. Removing stigma (and its perceived economic
implications), gaining freedom from added administrative hassles, and eliminating fear of increased
liability exposure and escalating future regulation were all powerful motivators cited by the post-law
retrofitters, reinforcing, amplifying, and in some cases surpassing concerns about the actual hazard. In
general, non-retrofitters emphasized barriers like cost, the unpredictability of both costs and benefits, and
the inability to recoup their investment (because of rent control and lack of tenant willingness to pay for
seismic safety), rather than lack of concern about the threat.
The overarching implication is that to change minds and behavior on this issue, intervention
strategists would be wise to focus on changing the social context in ways that promote mitigation. Some
example approaches include: developing evaluation, labeling, and disclosure policies that make
mitigation choices more visible and its potential outcomes easier to understand; passing laws that clarify
the rights and responsibilities of various stakeholders with regard to seismic safety; and publicly
rewarding those who take socially-desirable steps.
Ultimately, Berkeley’s approach influenced enough owners to take voluntary action that the
social norm regarding retrofitting was flipped on its head. Local soft-story owners now accept that their
property is worth less and believe that either they or a future owner will have to retrofit eventually. In
total, 76 retrofits were initiated from 2006 to 2009, which is about six times the number undertaken
between 2000 and 2005. Eventually, the city ran short on resources and key personnel retired. As a result,
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there was no analysis or learning from the technical information collected and plans for a follow-up
mandatory retrofit law remain indefinitely on hold. However, an EERI-funded special project is nearing
completion that will provide some insights. To date, four other Bay Area cities have taken steps based on
the Berkeley precedent.
In an exploratory aspect of the research, I found suggestive evidence that the law motivated
retrofits among persons with a different personality profile. Post-law retrofitters were on average less
emotionally stable and had a more “problem-avoidant” as opposed to “goal-attainment” regulatory
orientation than people who retrofit prior to the ordinance. Personality factors might help explain why
some individuals are inherently more sensitive than others to changes in the social context and the
reversed decision framing. Although the number of study participants does not allow me to draw
statistical conclusions, retrofitters and non-retrofitters appear to own similar buildings and were
indistinguishable in terms of demographic traits and personal backgrounds.
Overall, the BSSO shows that mandatory evaluations, combined with the credible threat of
mandatory retrofit, can produce a substantial increase in the number of voluntary retrofits initiated in a
relatively stable and competitive rental housing market. This research adds an empirical data point to the
growing belief that social cognitions are absolutely central to motivating action about disasters. On a
practical level, the case demonstrates some of the challenges and trade-offs involved in targeting
legislation at certain high hazard building types. The city’s greatest difficulty in implementing the law
was the development, communication, and consistent application of technical standards for the evaluating
engineers and review consultants.

Sharyl J. M. Rabinovici
PhD Candidate
UC Berkeley Goldman School of Public Policy
sjmr12@yahoo.com
Mrs. Rabinovici is a Ph.D. candidate at the University of California, Berkeley Goldman School of Public
Policy, where she specializes in policy design and program evaluation in the domains of community
wellbeing, natural hazards, and the environment. She holds a B.S. in Geologic and Environmental
Sciences from Stanford University with distinction and a Master of Public Policy degree from the
University of Chicago where she was a Harris Fellow. From 2000 to 2005, Mrs. Rabinovici developed
earthquake loss estimation and geospatial risk assessment methodologies for the U.S. Geological Survey
and advised senior staff on science policy, stakeholder involvement, and social science program planning.
She is a published author in such journals as Environmental Science & Technology and International
Geology Review and a two-time National Science Foundation grantee. In 2010, Mrs. Rabinovici was
honored as one of the few social scientists ever chosen for the EERI-FEMA graduate fellowship in
earthquake hazard reduction.

138

2012 EERI Distinguished Lecture

The New Normal for Natural Disasters
Tom O’Rourke
The effects of the Tohoku Earthquake and Tsunami, Canterbury Earthquake Sequence, and Hurricane
Katrina are discussed with respect to their impact on regional and international economics, national
practices for security and recovery, and worldwide energy policy. The severity and far ranging
consequences of these extreme events have established in effect a new normal for natural disasters. The
lecture explains why these events require a fundamental re-thinking of the way we evaluate the risksof
extreme events, as well as define and protect critical infrastructure. Examples of critical infrastructure at
risk are discussed with respect to earthquake effects on the water supply of Southern California and
hurricane effects on New York City. Selective lessons learned from recent earthquakes are described with
respect to mitigation measures. To address the need for protection against rare, high consequence events
with limited financial resources, a strategy for improving infrastructure resilience is proposed.

Tom O’Rourke
Thomas R. Briggs Professor of Engineering
Cornell University
Tom O’Rourke is the Thomas R. Briggs Professor of Engineering in the School of Civil and Environmental
Engineering at Cornell University. He is a member of the US National Academy of Engineering and a Fellow
of American Association for the Advancement of Science. He received a number of distinctions for his
research and teaching, some of which are ASTM C.A. Hogentogler Award, ASCE Collingwood, Huber
Research, C. Martin Duke, Stephen D. Bechtel Pipeline Engineering, and Ralph B. Peck Awards, and the British
ICE Trevithick Prize. He gave the 2009 Rankine Lecture. He served as President of the Earthquake Engineering
Research Institute and as a member of the US National Science Foundation Engineering Advisory Committee.
He authored or co-authored over 350 technical publications. His research interests cover geotechnical
engineering, earthquake engineering, underground construction technologies, engineering for large,
geographically distributed systems, and geographic information technologies and database management. He is
a member of the NIST Advisory Committee for Earthquake Hazards Reduction. He has served as chair or
member of the consulting boards of many large civil construction projects, as well as the peer reviews for
projects associated with highway, rapid transit, water supply, and energy distribution systems.
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ASSESSING VULNERABILITIES

Thursday, April 12, 2012
9:00 a.m.
PLENARY

LARGE, VULNERABLE
AND CRITICAL INFRASTRUCTURE
Moderator:

Shahram Pezeshk
University of Memphis
Speakers:

Challenges to Dam Hazard Mitigation in the U.S.
Sandra Knight
FEMA

Seismic Design Practice of the
Tennessee Department of Transportation:
Ed Wasserman
Modjeski and Masters

A Reassessment of Seismic Hazards and Risk at
Nuclear Power Plants in the U.S.: An NRC Perspective
Jon Ake
U.S. Nuclear Regulatory Commission
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Shahram Pezeshk
Shahram Pezeshk, Ph.D., P.E., F.ASCE is Professor and Chair of the Department of Civil
Engineering at the University of Memphis. Dr. Pezeshk worked as a bridge engineer for Hanson
Engineers, Inc. before joining the faculty at the University of Memphis in 1989.
Through his research and publications, Dr. Pezeshk has made contributions to structural
engineering by integrating seismic hazard, structural vulnerability, and structural optimization
into the design process. His recent work on ground motion prediction is being used in
development of probabilistic seismic hazard maps.
During the past ten years, Dr. Pezeshk has published numerous papers and reports, seven book
chapters, and delivered many invited lectures. He has been the PI or Co-PI on funded research
such as: nonlinear site response of deep deposits, selection of scaling of ground motion time
histories for structural design, ground motion and site-specific studies and seismic site
characterization. He has received many awards recognizing his research including the ASCE
State-of-the-art award.
Dr. Pezeshk has been actively involved with ASCE’s Structural Division on multiple technical
committees, as well as participating as a member of the Earthquake Engineering Research
Institute and other national associations. He was appointed by the Governor of Tennessee to
serve on the West Tennessee Seismic Commission. Dr. Pezeshk is a licensed professional
engineer in Tennessee and received his B.S. and Ph.D. from the University of Illinois, UrbanaChampaign and his M.S. from the University of California at Berkeley.
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Challenges to Dam Hazard Mitigation in the U.S.
James E. Demby, Jr.
Presenter: Sandra Knight
It’s been over 120 years since the Johnstown flood when a dam failure sent a wall of water
crashing down a mountainside, killing over 2,200 people and destroying the town. A series of
dam failures in the 1970s, including the Buffalo Creek Dam in West Virginia, the Teton Dam in
Idaho, and the Kelly Barnes Dam in Georgia, killed hundreds and caused $1 billion in damages.
Since the establishment of FEMA by Executive Order in 1979, FEMA has had the lead role in
coordinating national efforts in dam safety. The passage of the National Dam Safety Program Act
(NDSP) of 1996 reflected the culmination of years of collaborative effort on the part of many in
the dam safety community. Since then, Congress has reauthorized the NDSP twice, most recently
in 2006.
Public Law 109-460, which reauthorized the NDSP through Fiscal Year (FY) 2011, continues all
of the legislatively-mandated activities established by the 1996 Act and the 2002 reauthorization.
These activities include grants to the states for the improvement of state dam safety programs;
training for state dam safety staff and inspectors; a program of technical and archival research;
and funding to the U.S. Army Corps of Engineers (Corps) for maintaining and updating the
National Inventory of Dams (NID).
There are now about 27,000 dams in the United States that present a risk to lives and property
downstream. Of these dams, 14,000 are classified as high-hazard potential, meaning their failure
would result in probable loss of life. According to the 2009 update to the NID, only about 55
percent of these dams have an Emergency Action Plan to protect against the loss of life and
property damage that can result from a dam failure. To effectively reduce the risk to life and
property from dam hazards in the U.S., the NDSP must address the following challenges:
• The public is largely unaware of their individual dam risks
• Many dams are not included in the state or local governments’ Hazard Mitigation
Plan, Response Plan, or Recovery Plans
• Local Officials and the Emergency Management community must be engaged
• State Dam Safety Officials lack resources
• Privately owners need support
• Risk analysis are need to the quantify and prioritize
• Information about dam risk must be shared with the public so that they can make risk
informed decisions
This presentation will briefly discuss these challenges.
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Sandra K. Knight
Deputy Federal Insurance and Mitigation Administrator, Mitigation
Federal Emergency Management Agency
At FEMA, Dr. Knight provides executive leadership, oversight and supervision for the
development and administration of regulations, policies and procedures for the Risk Reduction
and Risk Analysis Divisions and Offices of Environmental Planning and Historic Preservation,
and Regional and Disaster Support. This includes Floodplain Mapping, Floodplain Management,
Hazard Mitigation Assistance Grants, Building Sciences, Mitigation Planning, Dam Safety, the
National Earthquake Hazards Reduction Program, and hazardous risk assessment methodologies.
She received her doctorate in Civil Engineering from the University of Memphis in 1996. She is a
registered professional engineer in the state of Tennessee. Dr. Knight is a member of the
American Society of Civil Engineers, the Society of Women Engineers, the Women's Aquatic
Network, Sigma Xi, and Fellow for PIANC.
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SEISMIC DESIGN PRACTICE OF THE TENNESSEE
DEPARTMENT OF TRANSPORTATION
Ed Wasserman
Modjeski and Masters
Despite existing next to the New Madrid Fault zone, which produced the largest historically
recorded earthquake in the Conti nental Unites States, the Tennessee Highway Department and its
successor, the Tennessee Department of Transportation had no established Seismic Design Policy
until after the 1989 Loma Prieta Earthquake in northern California. Had the event not been
televised nationally during the World Series that year, it could be argued that we might still not
have a policy. The images broadcast during that event and the ongoing coverage of the rescue
attempts involving the 880 Viaduct collapse and efforts to repair and re-open the Oakland Bay
Bridge prompted a large portion of the US population to begin asking questions about seismic
safety in their own states.
For the last 22 years, the Department has been engaged in the planning and execution of a
program to address the seismic threat to the bridges on public roads in Tennessee. An overview of
TDOT’s program implementation will be presented.

Ed Wasserman
Edward P. Wasserman is a graduate of Vanderbilt University School of Engineering with a BSCE
degree. For 46 years he was employed by the Tennessee Department of Transportation as a
member of the Division of Structures, serving as Director for 25 years. During the 25 years as
Director, he also served as TDOT’s member on the AASHTO Subcommittee on Bridges and
Structures, where he served as chairman of the Technical Committee for Structural Steel Design,
and a member of the Technical Committees for Concrete Design, Bearings and Joints as well as
Seismic Design.
Since his retirement in August 2011, he has joined the firm of Modjeski and Masters, serving as a
Senior Engineer.
Mr. Wasserman is a Professional Engineer registered in Tennessee, member of ASCE, NSPE,
Structural Engineering Institute, American Iron and Steel Institute’s Bridge Design Task Force,
and is a Fellow in the Precast/Prestressed Concrete Institute and member of the Institute’s Bridge
Committee. He has also chaired or been member of numerous FHWA and National Cooperative
Research Board research projects on the topics of steel bridge design, fabrication and erection;
prestressed concrete design and fabrication; bearings and joints; and seismic design.
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A Reassessment of Seismic Hazards and Risk at Nuclear Power Plants
in the U.S.: An NRC Perspective
Jon Ake and Clifford Munson
U.S. Nuclear Regulatory Commission
The currently operating fleet of nuclear power reactors in the United States was licensed prior to
1997 (50% prior to 1979). Significant advancements in both our understanding of seismic hazards
as well as the state of practice in estimating those hazards have occurred since the operating
reactors were licensed. The evaluation of the impact of these changes on perceived plant safety is
not a straightforward endeavor. A deterministic process was utilized in the development of the
original seismic design bases for power reactors in the United States. Current Nuclear Regulatory
Commission (NRC) practice utilizes a probabilistic approach in the development of seismic
design parameters. Recent regulatory actions taken by the NRC have requested licensees to
reassess the seismic hazards at all operating reactors utilizing current regulations and guidance.
Depending on the results of the hazard assessment additional risk evaluations may be necessary
for some plants.

Jon Ake
Dr. Ake has been employed as a Senior Seismologist by the NRC Office of Research since April
2007. Prior to coming to the NRC he was a Senior Technical Specialist at the U.S. Bureau of
Reclamation from 1989 to 2007 dealing with seismic hazard and risk analysis issues. He was
employed in consulting practice from 1978-1982 and from 1987-1989.
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ASSESSING VULNERABILITIES

Thursday, April 12, 2012
11:00 a.m.
PLENARY

EARTHQUAKES AND CASCADING FAILURES
Moderator:

Rob Williams
USGS
Speakers:

How Can Our Understanding of the Risk of
Cascading Failures Be Used to Help Build Resilience?
Chris Poland
Degenkolb Engineers

Cascading Failures in Catastrophic Earthquake Events:
The Risk Finance Perspective
Craig Tillman
Weather Predict Consulting
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Rob Williams
Rob has 28 years of experience working with the USGS on studies of seismic hazard throughout
the U.S. During that time he has led seismic imaging and site characterization studies of
sedimentary basins in urban areas of California and in the New Madrid seismic zone.
Currently he is leading a team made up of researchers from USGS, universities, and private
industry to produce probabilistic seismic hazard maps of the St. Louis metropolitan area. He is
also the USGS Coordinator for the Central and Eastern U.S. Earthquake Program. Rob is based
at the Geologic Hazards Science Center in Golden and has a B.A. in geology from U.C. Berkeley
and a M.S. in Geophysical Engineering from the Colorado School of Mines in Golden, CO.
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How Can Our Understanding of the Risk of Cascading Failures
Be Used To Help Build Resilience?
Chris D. Poland
Resilient communities have a credible disaster response plan that assures a place and ability to
govern after a disaster has struck. Their power, water, and communication networks begin
operating again shortly after a disaster and people can stay in their homes, travel to where they
need to be, and resume a fairly normal living routine within weeks. The return to a “new” normal
is expected to occur within a few years. While every building should protect its occupants from
harm, a select few buildings need to remain operational and a larger group need to be at least
usable during repair. Lifeline systems must be restored quickly to support response and
reconstruction. The failure to achieve any of these performance goals can have cascading effects
that will significantly expand losses and extend recovery. Understanding the relative risk each
represents can inform preparedness planning, response and recovery priorities and minimize the
needed mitigation efforts.
Rapid restoration of community and its economic vitality depends on supportive governance
processes, the availability of workforce willing to tipping in, and financial resources. Workforce
is probably the most important. People need safety, security, housing, neighborhood, lifelines and
a sense of new normal to get back to work.
Education before the event is key to setting proper expectations about what is going to happen
and how to best deal with it. Since “people” are the resource driving all aspects, restoring
workforce touches every response and recovery activity. Education before and information after
the event will generate a sense of security and accelerate the adjustment to the new normal.
Conflicting messages before and after the event serve to destroy the credibility of the information
and can slow and in some cases temporarily stop response and recovery.
The availability of permanent housing is second in importance. The traditional emergency
response process usually focuses on providing temporary shelters followed by interim housing
before consideration is given to repair and retrofit of existing housing and restoration of
neighborhoods. Recovery plans should shift focus to moving displaced people from temporary
shelters back into their homes and neighborhoods within a few days in a shelter-in-place
environment. This not only requires rapid assessment of the damage, but also a refocusing of the
emergency response and recovery priorities to the neighborhoods.
A streamlined and well coordinated governance structure is needed to orchestrate the recovery
from the time the EOC closes until the new normal is established. It needs to understand the
interdependence of the lifeline systems and that restoration must be prioritized and managed in
order; transportation/access, power, water, sewer, and communications. It needs to be informed
about the transformational opportunities that rebuilding provides to improve the overall living
environment. It needs to be informed about land use planning changes that are needed in areas
with disproportionately high risk. It needs to be free from requiring environmental review and
community input to the extent possible to allow for timely decision making. It needs to benefit
from reconstruction standards that are economically feasible but also leverage the opportunity to
build back better. It needs to have multifaceted financial tools that can be applied quickly in
support of reconstruction.
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Chris D. Poland
Structural Engineer and Senior Principal
Chairman - Degenkolb Engineers
Chris Poland’s structural engineering career spans nearly 40 years and includes a wide variety of
new design work, seismic analysis and strengthening of existing buildings, structural failure
analysis, and historic preservation. As an internationally recognized authority on earthquake
engineering, Mr. Poland routinely participates in policy-changing research and code
development projects sponsored by the NSF, USGS, NIST and FEMA. As a passionate advocate
and voice for seismic safety and Resilient Cities, he actively participates in the academic, ethical
and social advancement of his field and lectures often. Chris presides as Chair of the
congressionally mandated Advisory Committee on Earthquake Hazards Reduction for NEHRP.
He is a member of the Board of Directors for the San Francisco Chamber of Commerce, the San
Francisco Planning and Urban Research Association, and is a member of the National Academy
of Engineering. He has been the leading force behind development of the SPUR Resilient City
Initiative for the City and County of San Francisco and is the Co-Chair of the San Francisco
Lifelines Council.
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Cascading Failures in Catastrophic Earthquake Events:
The Risk Finance Perspective
Craig Tillman
This talk examines the problem of cascading failures following earthquakes as it relates to the
risk finance system, with special emphasis on the challenge of quantifying risk from these
particular catastrophic outcomes and the creation of resilience mechanisms. The degree to which
our megacities are interconnected often makes them vulnerable to systematic failures that amplify
the impact of natural disasters. Critical infrastructure network failures, including those of power
grids, water supplies, and transportation routes, compound destruction when caused by
catastrophic events, significantly increasing recovery time and cost, and affecting a city’s
economic potential well into the future.
We know that the costs of cascading failures are poorly represented in risk management
approaches, whether from the perspective of business finance professionals, investors, or
insurance companies. For instance, the evaluation of business interruption exposure likely does
not consider the potential of rolling blackouts imposed on a megacity for multiple months, or the
inability to get personnel to their jobs because existing housing stock is only a fraction of what it
once was. Risk capital providers are similarly less able to consider conditions of tail dependence
in loss distributions, where correlation tends to concentrate in the extreme tail. These loss
outcomes can be the result of cascading effects, like transportation infrastructure failures that
hinder early responses to earthquake fire ignitions, but also lead to massive changes in business
patterns and expected rebuilding progress, all conspiring to significantly increase losses beyond
the uncertainties currently modeled. While current simulation tools do capture the human and
capital costs of natural disasters with some degree of reliability, selected mega-catastrophes can
and do subject critical urban systems to unexpected and surprising failures. Given that these
failures often result from underlying community interdependencies, identifying methods that
quantify this correlation could reduce unexpected outcomes and promote resilience. The nonlinear realizations of a catastrophe are the next challenge to better modeling, including better
identification and quantification of these effects at the extreme tail of both individual and
portfolio risk distributions.
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Craig W. Tillman
President
WeatherPredict Consulting Inc.
(An Affiliate of RenaissanceRe Holdings)
Mr. Tillman serves as President of WeatherPredict Consulting Inc., a U.S.-based RenaissanceRe
affiliate that provides intelligence on natural perils to a range of entities. WeatherPredict focuses
on modeling natural hazards as well as quantifying their effects on the range of exposures at risk.
Mr. Tillman leads a dedicated team of scientists with specialties ranging across oceanography,
meteorology, wind engineering, aerodynamics and earthquake risk. He has been a key participant
in the development of the StormStruck exhibit at Walt Disney World and the RenaissanceRe Wall
of Wind, as well as RenaissanceRe’s series of Risk Mitigation Leadership Forums that examine
the role of mitigation in natural catastrophe risk management. Mr. Tillman has been associated
with RenaissanceRe since 1996. He was previously Chief Underwriting Officer for Glencoe
Insurance Ltd., and also led RenaissanceRe’s Risk Modeling group. Mr. Tillman currently serves
on the Executive Committee and Board of the Insurance Institute for Business and Home Safety
(IBHS) and is Chairman of the Research Advisory Council for the newly built IBHS Research
Center. He also serves on the Board of the Federal Alliance for Safe Homes, Inc. (FLASH) and
the Governing Board of the Global Earthquake Model. Mr. Tillman holds Bachelors and Masters
Degrees in Mathematics, as well as the Associate in Reinsurance (ARe) and Risk Management
(ARM) designations. He is a longstanding member of the Earthquake Engineering Research
Institute.
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EERI Honorary Membership

Polat Gülkan
Professor of Civil Engineering
Polat Gülkan, Earthquake Spectra Editor since early 2008, served a term
on the EERI Board of Directors (2005-2008), assisted EERI in many
post-earthquake reconnaissance studies in Turkey, the Middle East, and
Central Asia, and has contributed to the World Housing Encyclopedia.
He served on the Board of Directors of the International Association for
Earthquake Engineering (IAEE) 1996-2004, and was appointed for a four-year term as its
executive vice president in 2004. He was elected to the presidency in 2008, and following a twoyear period as President Elect, he is serving as President for the period 2010-2014. He has
authored more than 250 professional articles, papers, and reports. He joined EERI in 1992 and is
a licensed civil engineer in California. He is a former Fulbright scholar and the recipient of the
2004 NATO Summit Science Prize as well as the 2007 Science Award of the Scientific and
Technological Research Authority (TÜBITAK), the highest medal of professional recognition of
his country.
Mr. Gülkan was professor in the Department of Civil Engineering, Middle East Technical
University (METU) until his retirement in 2011. He last served as director of the Earthquake
Engineering Research Center. He is a graduate of METU (1966) and the University of Illinois,
Urbana-Champaign (1971). He has now joined the academic ranks of Çankaya University as
professor of civil engineering in the newly established Department of Civil Engineering. Mr.
Gülkan is an earthquake structural engineer, and has been active in many areas of global hazard
mitigation since 1971. He has been a visiting research scholar at the Earthquake Engineering
Research Center of University of California, Berkeley. Other professional appointments have
included staff consultancy at Basler and Hofmann of Zürich, Switzerland and visiting
professorship at Purdue University.
He has been involved in many projects and consultancies with the UN, World Bank, EU
Commission, NATO, OECD, and IAEA as well as commercial firms. His professional work
culminated in earthquake hazard zone maps for Turkey that went into effect in 1996, spatial
planning, urban hazard assessment, natural disaster insurance, structural intervention principles
for buildings, and nuclear safety. He has served as a consultant for site selection studies for the
Turkish Atomic Energy Authority. During his term as Editor of Earthquake Spectra, the journal
earned the highest Impact Factor in the civil and earthquake engineering field included in the
Core List of the Science Citation Index (SCI). He is serving on the Editorial Boards of
Earthquake Engineering and Structural Dynamics, Engineering Structures, TÜBİTAK Turkish
Journal of Engineering and Environmental Sciences, and Advances in Civil Engineering.
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EERI Honorary Membership

Farzad Naeim
Vice President and General Counsel, John A. Martin and Associates
Farzad Naeim, most recently EERI Past President, has been an
energetic contributor to EERI since he joined in 1983. With doctorate
degrees in both Engineering and Law, he is Vice President and General
Counsel at John A. Martin and Associates, a consulting structural
engineering firm headquartered in Los Angeles, California. He is a
registered civil and structural engineer in California; a member of the
California bar, and a patent attorney. One of EERI’s first FEMA
Professional Fellows in 1993, Farzad was also instrumental in bringing
EERI into cyberspace in 1995 when he wrote the Institute’s first Electronic Information
Management Plan. He served a five-year term as Earthquake Spectra Editor and is currently on
its Editorial Board. After helping to create the World Housing Encyclopedia, his group at JAMA
has developed and maintained the World Housing Encyclopedia database and web site. He
endowed the Farzad Naeim prize, which underwrites the publication of an annual WHE insert
featuring the Best Recent Report and updates on other WHE activities.
He was also, at various times, chair of the Special Projects and Initiatives Committee and
Nominations Committee. In addition to his EERI activities, Farzad is a member of industry
advisory boards to UCLA, USC, and CSUN civil engineering departments, a director of
COSMOS, and serves on the Advisory Council of the Southern California Earthquake Center.
Farzad has served as technical director for the analysis and design of numerous award-winning
structures, including the replication of the Eiffel Tower, at half-scale, for the Paris Hotel &
Casino in Las Vegas, the seismic retrofitting of UCLA’s Royce Hall, the Los Angeles Convention
Center expansion, the California State University, Long Beach, University Events Center, the
Staples Center in Los Angeles, and the Walt Disney Concert Hall in downtown Los Angeles.
Naeim has developed more than 45 software systems for earthquake engineering applications,
and is a nationally recognized authority on the evaluation of design ground motion issues as they
relate to the design of structural systems. He conducted investigations of the 1994 Northridge
earthquake and the 1999 Taiwan earthquake, and edited the first and second editions of The
Seismic Design Handbook, used in all major U.S. universities.
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Shah Family Innovation Prize

Veronica Cedillos
Project Manager
GeoHazards International

The 2011 Shah Family Innovation Prize has been awarded to Veronica Cedillos, a project
manager at GeoHazards International (GHI). Veronica was educated at M.I.T. (B.S. in Civil
Engineering, 2005) and Stanford University (M.S. in Civil Engineering, 2008) and worked for
one year in an engineering firm between her undergraduate and graduate studies. Upon
graduating from Stanford, she joined GeoHazards International (GHI), where she has
progressively increased her responsibilities to the point where she leads two very challenging
and innovative earthquake risk reduction projects, reducing earthquake and tsunami risk in
Padang, Indonesia and promoting seismic safety in a rural village in Peru.
Anyone who meets Veronica will soon realize that she is passionate about helping people
through her work to mitigate earthquake risks in developing countries. However, Veronica’s
success has not been achieved through passion alone. She has developed understanding and
insights on the ingredients to a successful project – beginning with the project idea itself and then
how to identify and nurture collaborations with relevant organizations. Veronica is fearless to
enter a new community and has the confidence and abilities to develop effective working
relationships with all sorts of organizations and people – ranging from top government officials,
to university professors, down to local community members. She has the heart of an
entrepreneur. She is also a strategic thinker, who can stay focused on the long-range goals of a
project while attending to short-term planning and day-to-day operations.
One measure of Veronica’s commitment to her work of implementing life-saving measures is her
willingness to live abroad in extremely demanding conditions (e.g. minimal hot water,
occasionally functioning toilets, an unheated bedroom at 9,000 ft elevation, very simple food).
Another measure of her keen interest in and commitment to the people she works with is that in
Indonesia, on Sundays—her single “day of rest”—she often teaches local children violin.
Veronica is much more than an engineer applying her technical talents; she immerses herself in
the communities that she serves. At 28 years old, she has much to contribute to the earthquake
community. Over time, Veronica’s skills will continue to grow and mature, her influence will
expand, and her ideas will take root in more communities and organizations.
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Thursday Luncheon Presentation
TIMOTHY G. GALARNYK
Chief Executive Officer, Construction Risk Management
Inspector America, the History Channel
Timothy G. Galarnyk is the Chief Executive Officer of the
international firm Construction Risk Management, Inc. Galarnyk,
a seasoned and very rare Construction Forensic Investigator has
been involved in the construction industry for more than 36 years.
His field of expertise includes heavy construction, railway
construction, residential and commercial construction, inspection
and evaluation of highway and railway bridges and the evaluation and determination of proper
construction means and methods for railway, residential, commercial and heavy construction
operations. His specialty is infrastructure all over the world from oil and gas fields to bridges and
dams. Galarnyk has been involved in the inspection of over 1000 bridges worldwide and in the
construction, repair, replacement or renovation of over 3000 bridges since his career began in the
mid 1970s.
Galarnyk is actively involved in the forensic investigation of construction collapses, defects,
deaths and injuries. He is one of the world’s leading experts in the field of construction analysis,
construction safety, construction defects and in identifying construction problems. He is an
expert in the creation of programs that manage the risks associated with railway, highway and
general construction projects. Galarnyk has personally investigated more than 300 construction
related fatalities and literally thousands of construction injuries in his career.
Galarnyk was the Host of a 2011 History Channel reality-based television program where he
appears as “Inspector America”. Galarnyk visited 6 cities in America inspecting roads, bridges,
sewer and water and other vital pieces of American Infrastructure and provided conclusions on
the State of America’s Infrastructure.
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1:30 p.m.
Forest Room
CONCURRENT SESSION

ADVANCES IN EARLY WARNING
Moderator:

Bill Steele
University of Washington
Speakers:

ShakeAlert: Earthquake Early Warning in the U.S.
Doug Given, USGS
Peggy Hellweg, UC Berkeley
John Partland, BART
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Bill Steele
Bill Steele has managed educational outreach and public information program for the Pacific
Northwest Seismic Network (PNSN) at the University of Washington, Department of Earth and
Space Sciences, since 1993. He works closely with news reporters and film makers to provide
background information and coordinate scientist involvement in development of accurate and
interesting reports and documentaries. Bill supports interdisciplinary and interagency cooperation
between university, government, and private sector communities to identify hazards,
vulnerabilities, and mitigation opportunities. He is a current board member and founding member
of CREW (the Cascadia Region Earthquake Workgroup) and is an active member of CPARM
(Contingency Planners and Recovery Managers).
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ShakeAlert: Earthquake Early Warning in the US
Doug Given (USGS), Peggy Hellweg (UC Berkeley), John McPartland (BART)
and the Earthquake Early Warning Project Team
In California a team of scientists and programmers has been implementing a test earthquake
alerting system using data from the California Integrated Seismic Network (CISN). This
Earthquake Early Warning (EEW) project began five years ago. It is a collaboration between
Caltech, UC Berkeley, ETH Zurich, USC/SCEC and the USGS, and is funded by the USGS. The
statewide test system is now operational. It delivers alerts through a pop-up display to project
scientists, to other interested scientists, and since the beginning of 2012, to beta users from a
variety of organizations and institutions in California. Among the beta users are the California
Emergency Management Agency (CalEMA) Warning Center, other response agencies, as well as
institutions which operate critical and or sensitive infrastructure. Recently, the development effort
in the US has expanded with funding from the G & B Moore Foundation to Caltech, UC Berkeley
and also to the University of Washington. The research effort now includes West Coast regions
that will be impacted by a megathrust earthquake on the Cascadia Subduction Zone. What is
Earthquake Early Warning and how does it work? How can EEW reduce losses and help speed
recovery? USGS and university scientists team up with a representative of the Bay Area Rapid
Transit District to provide an introduction to EEW in the US, including scenarios of alerts, and to
explore how EEW can be integrated into systems to reduce damage.
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Douglas D. Given
Project Chief, Southern California Earthquake Monitoring
& USGS Earthquake Early Warning Coordinator
U.S. Department of the Interior
U.S. Geological Survey, Earthquake Science Center
Caltech Seismological Laboratory
Doug joined USGS in 1978. He has pursued research onto the seismicity and tectonics of
Southern California and conducted field investigations of several large earthquakes including
Haiti in 2010. He has been an adjunct professor of geology at Pasadena City College since 1992.
He earned a B.S. in geology in 1978 from the University of California, Los Angeles, and an M.S.
in geology in 1983 from California State University, Los Angeles. Following are his main areas
of responsibility at the USGS:
•

Project Chief, Southern California Earthquake Monitoring – Doug manages two USGS
earthquake monitoring networks in southern California. These networks process more than
12,000 earthquakes each year and provide real-time earthquake information to emergency
responders, engineers, and scientists.
• The Southern California Seismic Network (SCSN), in cooperation with Caltech, operates
more then 350 real-time seismic stations.
• The Southern California GPS Network measures geodetic strain with an array of 95 highprecision Global Positioning System instruments.

•

USGS, Earthquake Early Warning Coordinator – In 2009 Doug was chosen to coordinate
the efforts of USGS in the area of Earthquake Early Warning (EEW). USGS along with
university partners is building a prototype EEW system in California.

•

State and National Seismic Network Coordination – Doug serves on multiple committees
within the California Integrated Seismic Network (CISN) and the Advanced National Seismic
Network (ANSS) that work to integrate and coordinate earthquake monitoring activities
within California and nationally.

•

Earthquake Systems Technology Development -- Doug leads the design and development of
software systems for the rapid acquisition, analysis, and reporting of earthquake information
using modern technologies.
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Peggy Hellweg
Dr. Peggy Hellweg studied physics at the University of California San Diego. She spent her
junior year abroad at the University of Goettingen, Germany, where she returned after she
received her BA. After earning a masters in physics at Goettingen, she turned to seismology and
worked at the seismological laboratory of Germany's Federal Institute of Earth Sciences and
Resources. In the mid-1980s, she returned to the United States, where she worked on strongmotion earthquake projects at the United States Geological Survey. She earned her doctorate in
2000 at the University of Stuttgart, Germany, on seismicity associated with volcanoes. Since
2001 Dr. Hellweg is at the Berkeley Seismological Laboratory, where she is Operations Manager
for the BSL's network of high quality seismometer/accelerometer stations. She is Project Manager
for the Earthquake Early Warning activities at the BSL and spearheads outreach to users of the
EEW system, CISN ShakeAlert, in California.

John McPartland
BART, President
Alameda County native John McPartland was elected to represent District #5, which includes the
cities of Castro Valley (partial), Dublin, Hayward (partial), Livermore, Pleasanton, Sunol,
Danville (partial) and San Ramon.
Before joining the Board, McPartland was a BART Safety Specialist for six years where he
served as a liaison to, and facilitated disaster response training with, public safety agencies within
the BART service area. He also planned and conducted disaster training exercises between
BART emergency operations staff and state, county and local municipalities.
McPartland brought to BART a strong background in emergency management and leadership.
Most recently, he was appointed by the governor to the State Seismic Safety Commission. He is
retired from the Oakland Fire Department after 25 years as a Chief Officer. He was responsible
for the mitigation of emergencies of every kind throughout the city. Additionally, he served as
the Emergency Medical Services Manager and was a member of the Federal Urban Search and
Rescue Task Force. McPartland is also an accomplished instructor of emergency command and
operations courses and uses his expertise to teach at community colleges and serve on their
advisory boards.
Prior to his career in the fire service, McPartland served in the armed forces for more than seven
years, left active duty after his second Viet Nam tour and entered the Reserves. He continued to
serve in a multitude of command and staff assignments was mobilized to active duty, including
during Desert Storm, and retired after 36 years of service as a Colonel. His decorations are
numerous and include, in part, the Distinguished Flying Cross, Bronze Star and Meritorious
Service Medal with Oak Leaf Cluster.
McPartland has been an active community supporter for his entire adult life. Most notable among
his involvement include being a member of the Alameda County Emergency Managers
Association, the national Disaster Medical Assistance Team, the Alameda County Sheriff’s Dive
Unit, the Castro Valley Chamber of Commerce and the Veterans of Foreign Wars Post 9601.
McPartland holds a B.A. from St. Mary’s Moraga, a M.P.A. from Cal State East Bay, is a
“Command and General Staff College" graduate from the U.S. Army and holds a number of
technical degrees in management and emergency/disaster operations.
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ASSESSING VULNERABILITIES

Thursday, April 12, 2012
1:30 p.m.
Venetian Room
CONCURRENT SESSION

OVERCOMING BARRIERS TO
MITIGATION & RETROFITTING
Moderator:

Sandra Knight
FEMA
Speakers:

Challenges in Seismic Retrofitting MLGW Facilities
Jay Stressel
Memphis Light, Gas, & Water

University of Memphis Cecil Humphreys Law School Retrofit
Scott Fleming
Fleming Associates Architects

Memphis/Shelby County Building Code Adoption and Challenges
Bob Paullus
Paullus Structural Consultants
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Sandra K. Knight
Deputy Federal Insurance and Mitigation Administrator, Mitigation
Federal Emergency Management Agency
At FEMA, Dr. Knight provides executive leadership, oversight and supervision for the
development and administration of regulations, policies and procedures for the Risk Reduction
and Risk Analysis Divisions and Offices of Environmental Planning and Historic Preservation,
and Regional and Disaster Support. This includes Floodplain Mapping, Floodplain Management,
Hazard Mitigation Assistance Grants, Building Sciences, Mitigation Planning, Dam Safety, the
National Earthquake Hazards Reduction Program, and hazardous risk assessment methodologies.
She received her doctorate in Civil Engineering from the University of Memphis in 1996. She is a
registered professional engineer in the state of Tennessee. Dr. Knight is a member of the
American Society of Civil Engineers, the Society of Women Engineers, the Women's Aquatic
Network, Sigma Xi, and Fellow for PIANC.
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Challenges in Seismic Retrofitting MLGW Facilities
Jay Stressel
Memphis Light, Gas, & Water
Organizations within MLGW have been extremely successful in planning and completing
important seismic upgrades over the past several years. Since 1990, MLGW has spent
nearly $81 million on seismic mitigation projects.
Some of these improvements include:
● Retrofits at four pumping stations consisting of aerator, filter, and pump buildings.
● Installation of reservoir-mounted high service pumps at three pumping stations to negate the
effect of building collapse hazards on transmission or pumping capabilities.
● Emergency generators have been installed at six water pumping stations, with a second
backup generator project nearing completion.
● Anchoring of transformers and other equipment at electric substations.
● Securing a total of $6 million in FEMA grants to help fund improvements to the electric and
water systems.
● Replacing older cast iron gas mains with polyethylene pipe, which is more flexible and
reliable.
● Relocating critical areas such as the Customer Care Center, Commercial Resource Center and
Information Technology from the Administration Building to MLGW’s Netters Business
Center location on Whitten Road for business continuity.
● Retrofitting truck canopies at work centers to prevent damage to parked crew trucks.
● Anchoring non-structural building elements at all support facilities.
After a Seismic Preparedness study was completed in 1989, MLGW started developing plans to
protect the utility system against natural disasters such as earthquakes and high winds. In 2006 a
Multi-hazard risk assessment was completed which included updated codes, and new seismic
design guidelines.
In the early 1990’s, seismic projects were beginning to appear in the budget planning process.
The original seismic study prioritized projects providing the largest benefit to cost ratios. Those
systems included substation power transformers, cast iron gas pipe and water pumping stations.
Retrofit projects protecting service to our largest customer base were given first priority.
At some point management realized we needed to start addressing vulnerabilities within our
administrative building infrastructure, especially those areas critical to business continuity.
Similar to the utility systems, many buildings were predated any seismic construction
requirements. Existing buildings ranged in age from the early 1930’s to the late the early 2001.
Up to the late 1980’s the Electric Systems and Operations Building, which houses our Supervisor
Control and Data Acquisition (SCADA) system, was the only building constructed to any seismic
standard. Seismic design was not required at that time. But due to the critical nature of the
SCADA system, it was decided to incorporate provisions for seismic design. At the time only life
safety level design guidelines were considered. Since then, elevated seismic performance levels
and design guidelines for essential facilities have increased dramatically.
In 2002 MLGW purchased and retrofitted a 94,000 square foot building to house areas critical for
business continuity. These areas make up the divisions communication lifeline, comprising the
primary Data Center, Dispatching, Customer Care Center, Commercial Resource Center, and the
Emergency Operations Center.
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MLGW mitigation efforts depended upon successfully dealing with each of the following
challenges.
•
•
•
•
•
•

Understanding and Identifying Risks: Seismic studies and conceptual plans,
establishing seismic performance level, addressing Business continuity concerns an
prioritizing retrofit projects.
Support from Upper Management: Expose vulnerabilities and developing a
preliminary financial plan. FEMA grants are big incentives.
Long range plans and budgets: Long range plans to include structural and nonstructural elements. Adopt plan to embrace seismic performance an all new buildings and
new building MP&E systems.
Managing the Design Process: Working with the right consultant can save time, money
and help assure a quality project. The owner must manage project quality assurance.
Managing the Construction Process: Communicate to Contractor importance for
structural and non-structural upgrades. Make sure Contractor understands scope of work.
Structural Engineer of record, special Inspectors represent the quality control team.
Quality Control: Owner needs to manage the level of quality. Good quality control is the
best insurance against failure.

The following examples are some lessons learned during past water retrofit projects.
1. Engineers recognized water pumping stations were totally dependent on the electrical
system. The need for redundancy drove the decision to install emergency generators.
2. The construction process usually uncovers unexpected structural conditions. Steps were
taken to include contingency money in project budgets.
3. FEMA grants are based on B/C ratios. Accurate conceptual estimates are crucial to this
funding process. No two Pumping stations are alike. Type of design and age of a water
plant affect retrofit cost. Examples include, pumped backwash water verses gravity feed.
Steel verses Reinforced concrete. Reinforced masonry verses un-reinforced masonry.
Under estimated projects have jeopardized project funding.
4. To prevent conflict of interest, MLGW directly hires special inspectors.

Jay K. Stressel
Mr. Stressel has over 20 years of structural engineering experience. He is a registered
professional engineer in TN. Currently employed with Memphis, Light, Gas, and Water Division
in Memphis TN. as Lead Engineer, and Project Manager, over Facilities Capital Improvement
projects. Prior to that he was a design engineer for Allen & Hoshall Engineers Inc. Jay is a Past
Treasurer and Past Vice President of the West Tennessee Structural Engineers Association
(WTNSEA). Jay also served on the Clients and Prospects Committee, for the National Council of
Structural Engineers Associations (NCSEA)
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University of Memphis Cecil Humphreys Law School Retrofit
Scott Fleming
Fleming Associates Architects
Overview of University of Memphis Cecil Humphreys Law School design and retrofit project.
This award-winning project included the seismic retrofit and rehabilitation of a vacated early 20th
century, unreinforced masonry post office into a modern university facility in downtown
Memphis.

Scott Fleming
Scott Fleming is the president of Fleming/Associates/Architects, an architecture firm that began
in the 1950s with his father, Robert Fleming. Scott attended Auburn University, where he
received his Bachelor of Environmental Design in 1980 and Bachelor of Architecture in 1981.
Over the years, Scott's leadership has allowed for the steady growth of his firm and a highly
respected reputation with clients and the community. Recent projects include the Salvation Army
Adult Rehabilitation Center, the Salvation Army Ray and Joan Kroc Corps Community Center,
the University of Memphis Law School, and Hope Presbyterian Church. Scott is active in
numerous professional organizations, including the American Institute of Architects, Memphis &
Shelby County Land Use Control Board, Urban Land Institute, and several local area chambers of
commerce. As a lifelong Memphian, Scott is passionate about being involved in the community.
He serves on the board of directors for Streets Ministries, Christian Brothers High School, and
Young Life, to name a few.

Memphis/Shelby County Building Code Adoption and Challenges
Bob Paullus
Paullus Structural Consultants
Overview of Memphis/Shelby County seismic building code adoption. Seismic building codes in
the Memphis area have been in effect since the 1990s; however, their implementation is a topic of
constant local discussion. This topic will focus on challenges faced in implementing and updating
modern seismic codes at the local level
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ASSESSING VULNERABILITIES

Thursday, April 12, 2012
1:30 p.m.
Hernando Desoto Room
CONCURRENT SESSION

INCORPORATING AFTERSHOCKS IN RISK ANALYSIS
Moderator:

Oliver Boyd
USGS
Speakers:

Revising Canterbury, New Zealand Seismic Levels to Account for
Time-Varying Hazard from Continuing Canterbury Earthquake Sequence
Matt Gerstenberger
GNS Science

Post-Mainshock Probabilistic Risk Quantification: Why and How?
Nicolas Luco
USGS

Quantifying Mainshock-Aftershock
Collapse Probabilities for Woodframe Buidings
John van de Lindt
University of Alabama

Aftershock Collapse Fragility for
Mainshock-Damaged Reinforced Concrete Buildings
Abbie Liel
University of Colorado
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Oliver Boyd
Dr. Oliver Boyd is a Seismologist with the U.S. Geological Survey. Starting with the National
Seismic Hazards Mapping Project in Golden, CO in 2004, he is now with the Central and Eastern
U.S. Seismic Hazards Project in Memphis, TN. He is an Adjunct Professor at the Center for
Earthquake Research and Information at the University of Memphis. Oliver studies many aspects
of earthquake hazards including time-dependent earthquake probabilities, declustering of
foreshocks and aftershocks, and ground motion relationships. He has also helped to update the
New Madrid source and ground motion models for the 2008 update of the National Seismic
Hazard Maps. Other recent projects include a time-dependent seismic hazard map of Alaska and a
seismic hazard analysis of Afghanistan, the latter being done in conjunction with other U.S.
Agency for International Development’s reconstruction efforts in Afghanistan. Prior to joining
the Survey, Oliver obtained his Ph.D. in Geophysics from the University of Colorado at Boulder
where he performed laboratory experiments on seismic wave attenuation and produced and
interpreted tomographic images of seismic wave attenuation and velocity beneath the western
United States. To learn more about Oliver’s background and current work, please visit
http://www.ceri.memphis.edu/people/olboyd/.
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Revising Canterbury, New Zealand, Seismic Design Levels
to Account for Time-Varying Hazard from the
Continuing Canterbury Earthquake Sequence
M.C. Gerstenberger
GNS Science
We present updates, based on time-dependent hazard modelling, of the NZS1170.5 (2004)
earthquake design standards for Christchurch based on the changes in seismicity following the
recent Canterbury earthquakes. The sequence began in September 2010 with the Mw 7.1 Darfield
earthquake. It has continued with a damaging sequence of events including the Mw 6.3
earthquake in February; the June Mw 6.0 earthquake; and the December Mw 6.0 earthquake.
These major aftershocks have occurred in very close proximity to Christchurch in a moderate to
low hazard area in the New Zealand National Seismic Hazard Model (NSHM).
Seismicity in the region continues to be very high relative to activity prior to the September 2010
earthquake, requiring development of earthquake hazard estimates that model time-varying
seismicity rates (e.g., from aftershocks and longer-term clustering). Updates to the NSHM and the
resulting changes to the design standard have occurred in a two-step procedure: firstly, in April
2011 a preliminary update was conducted which was followed by the convening of an
international expert panel in November 2011 to update, re-evaluate, and finalize the results. The
April 2011 NSHM update led to a revision of design levels for the Christchurch region in May,
2011; it is anticipated that the revision resulting from the November 2011 expert panel will lead
to further revisions of design levels later this year.
In the preliminary update, we constructed a composite earthquake hazard model to give the
magnitude-weighted spectral acceleration (SA) level with a 10% probability of exceedance in the
next 50 years for both Class C and D soils. The composite model combines several earthquake
source models that are based on different concepts and cover a wide range of time, space and
magnitude scales. The models are: (1) the fault source model of the national seismic hazard
model (NSHM; Stirling et al, 2012), with enhancement of the earthquake probabilities for the
most major active faults near to the Canterbury region (Hope, Alpine, and Porters Pass Faults) to
take account of the time elapsed since the last earthquake; (2) the Proximity to Past Earthquakes
(PPE) smoothed seismicity model; (3) the Short Term Earthquake Probability (STEP) model
(Gerstenberger et al, 2005), which targets aftershocks and; (4) the Every Earthquake a Precursor
According to Scale (EEPAS) model (Rhoades and Evison, 2004) which looks at longer-term
earthquake clustering. Earthquake hazard levels produced by the composite model are found to be
high in the region of the city, and similar to the hazard levels close to the major active faults to
the northwest of Christchurch.
A particular challenge in understanding the influence of the aftershocks on hazard and risk comes
from the earthquake magnitudes that are driving the hazard in the region, on time-scales from one
year to fifty years. Typically, at longer time-scales, the hazard is driven by larger magnitude
earthquakes (e.g., M>=6.5); this was the case in Canterbury prior to this sequence. However, with
the introduction of aftershock modelling, the dominant sources in the region are now M<6
earthquakes at close distances. While it has long been thought by the community that equivalent
amplitude ground shaking from smaller events is less damaging than from a larger event (e.g.,
from duration), exactly how to quantify this is not well constrained.
In November 2011, a three day expert panel workshop was held to consider a time-dependent
update of the NSHM for the Canterbury earthquake sequence. The panel, made up of
international and NZ-based scientists, was presented with 50 questions for which they were
expected to provide weights. The questions were divided into five categories: 1) Time-dependent
seismicity models, 1- and 50-year forecast; 2) Long-term
seismicity models, 50-year forecasts; 3)
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Minimum and maximum magnitude of forecast models; 4) Depth distribution of forecast models;
and 5) Variability in predicted ground motions. The experts were presented existing work done in
response to the Canterbury sequence; the goal of the workshop was not to develop new ideas for
immediate consideration in the NSHM. Understanding the uncertainty in the hazard was a
primary goal of the workshop. To this end, the expert panel followed the methodology of Cooke
where the responses of each expert were weighted based on answers to questions which targeted
how well experts estimate the uncertainties in their own knowledge. Here we will present the
model and forecasts that resulted from the workshop.

Matt Gerstenberger
Matt Gerstenberger is a seismologist at GNS Science, a crown research institute in Wellington,
New Zealand. He received his doctorate from ETH Zürich in 2003, and has primary research
interests of probabilistic hazard and risk assessment. He has a focus in time-dependent hazard
assessment, including the modeling of aftershock sequences and the development of real-time
hazard analysis systems. Recently he has been involved in incorporating such time-dependent
modeling into more traditional probabilistic seismic hazard analysis and also building design
standards in response to the Christchurch, New Zealand, earthquake sequence.
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Post-Mainshock Probabilistic Risk Quantification: Why and How?
Nicolas Luco
Increasingly, probabilistic seismic risk (of damage) quantification is becoming the basis
for longer-term or “pre-earthquake” mitigation approaches for buildings and other
structures, e.g. seismic design standards in building codes. For example, the latest edition
(2009) of the NEHRP Recommended Seismic Provisions for New Building and Other
Structures(FEMA P-750)defines Risk-Targeted Maximum Considered Earthquake
(MCER) ground motions for the United States by explicitly targeting a probabilistic 1%
risk of collapse in 50 years, an approximation of the lifespan of a building. Maps of these
probabilistic risk-based design ground motions have since been adopted for inclusion in
the latest edition (2012) of theInternational Building Code. Moreover, the next
generation of performance-based seismic design procedures for new and existing
buildings being developed by the Applied Technology Council with funding from FEMA
(http://www.atcouncil.org/Projects/atc-58-project.html) use probabilistic risk of
earthquake-caused deaths, dollars (repair costs), and downtime (repair duration) as
metrics for seismic performance assessment of buildings.
Probabilistic risk quantification has also been proposed as a basis for making shorter-term
or “post-earthquake” mitigation decisions after a mainshock has occurred and when the
threat of aftershocks lingers. For example, the Pacific Earthquake Engineering Research
CenterAdvanced Seismic Assessment Guidelines(Bazzurro et al 2006) use the probability
that an aftershock ground motion will exceed the capacity of a mainshock-damaged
building (treated deterministically for simplicity) as a rational criterion for deciding
whether and when to permit re-occupancy of the building. Similarly, Yeo & Cornell
(2005) have developed a time-dependent building “tagging” (i.e. permitting or restricting
occupancy) policy for the aftershock environment using probability of collapse as a proxy
for fatality risk.
This presentationsummarizesa methodology for post-mainshock probabilistic risk
quantificationbeingproposed for development of a computational tool for automatic (or
semi-automatic) assessment (Luco et al 2011). The methodology utilizes the same socalled risk integral (e.g., McGuire 2004) that can be used for pre-earthquake probabilistic
risk quantification. The risk integral couples (i) ground motion hazard information for the
location of a structure of interest with (ii) knowledge of the fragility of the structure with
respect to potential ground motion intensities. In other words, the risk integral combines
information about both the ground motion demand and the capacity of the structure to
withstand such demand.
In the proposed post-mainshock methodology, the ground motion hazard/demand
component of the risk integral is adapted to account for aftershocks which are
deliberately excluded from typical pre-earthquake hazard assessments. Correspondingly,
the structural fragility/capacity component is adapted to account for any damage caused
by the mainshock, as well as any uncertainty in the extent of this damage. The result of
the adapted risk integral is a fully-probabilistic quantification of the post-mainshock
seismic risk, i.e. the risk of further damage in aftershocks. By comparing it with tolerated
pre-earthquake risk levels (e.g. the 1%-in-50-years risk of collapse mentioned above), the
post-mainshock result can inform emergency response mobilization, inspection
prioritization, and re-occupancy decisions.
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Although the focus in this presentation is on mainshock-aftershock sequences, the postearthquake risk quantification methodology presented can be applied after any earthquake
(a mainshock, aftershock, or foreshock). Furthermore, to the extent that the postearthquake ground motion hazard component of the assessment includes the potential for
so-called triggered earthquakes, the methodology can apply for sequences like the 18111812 New Madrid Seismic Zone earthquakes in the United States and the recent 20102011 earthquakes near Christchurch in New Zealand.Besides buildings, the focus of this
presentation, analogous methodologies can be applied to other structures such as bridges
and dams. While the focus here is on collapse risk, the risk of exceeding any other state
of damage can be considered with the same methodology.
Bazzurro, P., Cornell, C.A., Menun, C., Motahari, M. &Luco, N. 2006.Advanced Seismic
Assessment Guidelines, PEER Report 2006/05.Pacific Earthquake Engineering Research
Center.
Luco, N., Gerstenberger, M.C., Uma, S.R.,Ryu, H.,Liel, A.B.&Raghunandan, M. 2011.A
methodology for post-mainshock probabilistic assessment of building collapse
risk.Proceedings of the Ninth Pacific Conferenceon Earthquake Engineering, Paper No.
225.
McGuire, R.K. 2004.Seismic Hazard and Risk Analysis. Earthquake Engineering
Research Institute.
Yeo, G.L. & Cornell, C.A. 2005.Stochastic Characterization and Decision Bases under
Time-Dependent Aftershock Risk in Performance-Based Earthquake Engineering, PEER
Report 2005/13.

Nicolas Luco
Nicolas Luco is a Research Structural Engineer with the United States Geological Survey (USGS)
in Golden, Colorado. His research mainly lies at intersections of structural (civil) engineering,
probability and statistics, and seismology. At the USGS he is co-Project Chief of the Engineering
Risk Assessment Project, and leads the Seismic Design Maps Task of the US National Seismic
Hazard Mapping Project, thereby serving as a liaison between the broader earthquake hazard,
design/retrofit, and risk communities. Prior to joining the USGS in 2004, he was a Senior
Analysis Engineer with the natural and man-made catastrophe loss modeling company AIR
Worldwide Corporation in San Francisco, California. His education includes a Ph.D. in civil
engineering (2002), M.S. in statistics (2000), and B.S. in civil engineering (1995) from Stanford
University, as well as an M.S. in civil engineering (1996) from the University of California at
Berkeley.
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Quantifying Mainshock-Aftershock Collapse Probabilities
for Woodframe Buildings
John W. van de Lindt and Negar Nazari
The University of Alabama
Yue Li
Michigan Technological University
Aftershocks have the potential to threaten life safety and cause substantial damage to buildings
even when little damage is notably present as a result of the mainshock. The effects of
aftershocks on buildings is not explicitly accounted for in engineering building design codes, nor
in newly emerged methodologies such as performance-based seismic design. The occurrence of
aftershocks following a mainshock is a complex statistical problem that is often modeled as a
Poisson process. In this presentation part of the results of an on-going study to integrate
aftershock hazard into performance-based seismic design are presented, specifically the
quantification of collapse probabilities for a mainshock-aftershock model. In 2006 a two-story
woodframe townhouse was tested as part of the NSF-funded NEESWood project at
NEES@Buffalo producing a landmark data set publically available. A numerical model is fit to
the global hysteresis generated during an MCE level tri-axial shake and individual shear wall
hysteretic models backed out such that the story hysteresis and global hysteresis provide a bestfit. Incremental dynamic analysis is then run using the numerical model and a suite of 22 ground
motions assumed to be mainshocks in this analysis and recommended for use in FEMA P-695.
For each IDA a set of basic rules provides a means to select a collapse range on the IDA. Rank
ordering these seismic intensity ranges from each of the 22 records provides a collapse band.
This band represents the probabilistic range of collapse at a range of seismic intensities.
Then, for comparison the same type of collapse band is developed for a mainshock-aftershock
combination. This is done through application of the Gutenberg-Richter relationship and
assuming that an aftershock has an equal probability of occurring over a circular area (defining
the mainshock as the center) with an assigned radius. It has been shown that this area is actually
an ellipse but, at this stage, a simplified model is used to illustrate the approach. Once the
aftershock magnitude (M) and site-to-source distance (R) are known from these two statistical
distributions described above, a well-known attenuation model is used to compute the new
spectral acceleration which can be either larger or smaller than the mainshock depending on M
and R. Monte Carlo simulation is applied and the aftershock time history is selected randomly
from the suite of 22 earthquakes described earlier, assuming a uniform probability across all these
earthquakes. The record selected is scaled to the spectral acceleration computed from the
attenuation equation and applied to the nonlinear numerical model.
Comparison of these collapse bands is made and the effect of aftershock hazard can be quantified
for a woodframe building. Next steps in the project and reduction of epistemic uncertainties by
systematically reducing the assumptions will also be explained. A number of archetype models
will be examined within the project to generalize the investigation to the woodframe category
instead of a single building. Steel frame buildings are also being investigated within the broader
project but are not presented here.
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John W. van de Lindt
Dr. John W. van de Lindt is a Professor of Structural Engineering at the University of Alabama
and holds the Garry Neil Drummond Endowed Chair in Civil Engineering. He previously served
on the faculty at Colorado State University and Michigan Technological University. Professor
van de Lindt has led several large multi-university-industry projects including a project to
develop a performance-based seismic design philosophy for mid-rise woodframe buildings which
culminated with a full-scale 14,000 sq ft 6-story shake table test for validation of the design
methodology. His work focuses on advancing design for building performance in earthquakes
and other natural hazards such as tsunamis, hurricanes, tornadoes, and floods. Professor van de
Lindt has published 90 journals papers, 100 conference papers, and 30 project reports during the
last 12 years. He is currently an Associate Editor for the Journal of Structural Engineering and
serving as a Guest Editor for the Special NEES Issue of JSE.
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Aftershock Collapse Fragility for Mainshock-Damaged
Reinforced Concrete Buildings
Abbie Liel
This presentation illustrates how a probabilistic methodology for incorporating aftershocks within
the performance-based earthquake-engineering framework can be used to assess the effect of
mainshock damage on a building’s resistance to earthquake-induced collapse. Specifically, the
work presented explores how varying degrees of mainshock damage reduce a building’s capacity
to resist collapse in subsequent events, accounting for strength and stiffness degradation that may
have occurred in the mainshock.
The methods for assessing aftershock collapse fragility of mainshock damaged buildings
are developed and illustrated through analysis of a 4-story concrete frame with design and
detailing characteristics like those built in New Zealand in the 1960s and 1970s and similar to
some of the high-profile structures which collapsed in the 2011 Christchurch Earthquake. The
building is modeled with geometric and material nonlinearities capable of capturing the critical
aspects of strength and stiffness degradation as it becomes damaged and collapses. Incremental
dynamic analysis is used to predict response of the model to the mainshock (or first earthquake)
event. Subsequently, we consider a large number of mainshock-aftershock sequences to quantify
the increase in aftershock vulnerability due to the mainshock-induced damage. Analyses indicate
that moderate damage (indicative of concrete cracking or rebar yielding in columns) during the
mainshock does not significantly increase a structure’s collapse fragility to aftershock events.
However, higher levels of mainshock damage may significantly reduce the safety of the structure.
Extensive damage (such as spalling or rebar buckling in columns) jeopardizes a structure’s ability
to withstand subsequent ground shaking, reducing the median collapse capacity by 27%. Results
are generalized through comparison with a U.S.-type nonductile concrete building and to singledegree-of-freedom representations of the same structure.
Results presented provide quantitative evidence of the risk of earthquake-induced
collapse in buildings damaged during a mainshock-type earthquake event, focusing on the
prevalent nonductile concrete frame building type that is known to be vulnerable to earthquakeinduced collapse. The presentation also serves to illustrate the application of the probabilistic
aftershock risk-assessment methodology and the merit and usefulness of these computationally
intensive analyses.

Abbie Liel
Abbie Liel is an Assistant Professor in the Department of Civil, Environmental and Architectural
Engineering at the University of Colorado at Boulder. Dr. Liel earned a B.S.E. in Civil and
Environmental Engineering from Princeton University, a M.Sc. in Civil Engineering and a M.Sc.
in Building and Urban Design and Development from University College London, and a Ph.D.
from Stanford University. Her research focuses on simulating the nonlinear response of building
structures in order to quantify the risk of earthquake-induced collapse. Particular areas of interest
include assessing the collapse safety of older, nonductile reinforced concrete frame structures,
evaluating the impact of near-fault or subduction type ground motions on structural response and
aftershock collapse risk and building tagging. Dr. Liel is involved in a number of committees,
including the ASCE Structural Engineering Institute Young Professionals’ Committee and the
Technical Council on Life-Cycle Performance, Safety, Reliability and Risk of Structural Systems,
and the ATC 78 Project for Identification and Mitigation of Concrete Buildings. She is a licensed
civil engineer in California.
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James E. Beavers
James E. Beavers, Ph.D., P.E. is the sole proprietor of James E Beavers Consultants (JEBc), a
consulting engineering firm in Knoxville, TN specializing in structural engineering, and natural
and technological hazards. Dr. Beavers, has more than 35 years of experience as a university
professor, private consultant, corporate manager, author, and editor. He was founder and coeditor of Natural Hazards Review, a journal of the American Society of Civil Engineers (ASCE).
In addition, he has served on more than 80 national committees, authored or coauthored more
than 200 papers, and participated in professional exchange programs with Russia, China, India,
and Australia. In 2007, he received the Duke Lifeline Earthquake Engineering Award from
ASCE. In 1990 he was appointed Corporate Fellow at Martin Marietta Energy Systems for
outstanding service and contributions to the national and international scientific and engineering
community and for exemplary leadership. In 1993 he was awarded the Professional Engineering
Degree of Civil Engineering by the Missouri University of Science and Technology. Dr. Beavers
also has a B.S. degree in Civil Engineering from Missouri University of Science and Technology
and M.S. and Ph.D. degrees in Civil Engineering from Vanderbilt University.
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The Central and Eastern United States Seismic Source Characterization
for Nuclear Facilities (CEUS SSC) Project
Lawrence A. Salomone, P.E.
The Central and Eastern United States Seismic Source Characterization for Nuclear Facilities
(CEUS SSC) Project was conducted from April 2008 to December 2011 to provide a new,
regional seismic source model for use in conducting probabilistic seismic hazard analyses
(PSHAs) for nuclear facilities in the Central and Eastern United States. Input to a PSHA consists
of a seismic source model and ground motion models. These models are used to calculate seismic
hazard, or seismic hazard curves, at a particular site.
The CEUS SSC project replaces previous seismic hazard models used by the nuclear industry,
including the EPRI–Seismicity Owners Group (EPRI-SOG) model (EPRI, 1988, 1989) and the
Lawrence Livermore National Laboratory model (Bernreuter et al., 1989). Unlike the previous
studies, the CEUS SSC Project was sponsored through an industry-government partnership—
namely the EPRI Advanced Nuclear Technology (ANT) Program, the Department of Energy
(DOE) Office of Nuclear Energy (NE) and the DOE Office of the Chief of Nuclear Safety, and
the Nuclear Regulatory Commission (NRC) Office of Nuclear Regulatory Research (NRR).
The study was conducted using the Senior Seismic Hazard Analysis Committee (SSHAC) Level
3 assessment process. The SSHAC process ensures consideration of the knowledge and
uncertainties of the larger technical community within a robust and transparent framework. The
SSHAC process is detailed in the U.S. NRC’s NUREG/CR-6372, Recommendations for
Probabilistic Seismic Hazard Analysis: Guidance on Uncertainty and Use of Experts and in NRC
NUREG 2117, Practical Implementation Guidelines for SSHAC Level 3 and 4 Hazard Studies.
The objective of the CEUS SSC project was to develop an up-to-date seismic source
characterization model for the CEUS that included:
(1) Evaluation: Consideration of the data, models and methods that have been proposed by the
larger technical community
(2) Integration: Representation of the center, body and range of technically defensible
interpretations
(3) Incorporation of uncertainties
(4) Consideration of an up-to-date database
(5) New approaches to systematically document and evaluate all data considered for increased
transparency
(6) Engagement of all stakeholders and a robust peer review.
Following the SSHAC process, the project team compiled a detailed work plan, which included
three workshops held in support of the project. The workshops were opened to the public and
those interested in contributing to this project in their field of expertise. One of the major tasks
associated with the CEUS SSC project included the development of a new, comprehensive
earthquake catalog. This catalog served as an important source of information for the
quantification of geographic and historical distribution of earthquakes. Catalog development
included review by seismologists with extensive knowledge and experience in catalog
compilation. The result is an earthquake catalog with uniform moment magnitudes for all
earthquakes covering the entire study area for the time period of 1568 through the end of 2008.
For purposes of assessing the CEUS SSC model, seismic hazard calculations were conducted at
seven test sites throughout the study region. The site locations were selected to represent different
hazard environments. The calculated CEUS SSC mean hazard results were compared with mean
hazard results using the 2008 USGS source model and the source model used by Combined
Operating License (COL) applicants for new nuclear power plants. The hazard results using the
CEUS SSC model were judged by the project team to be reasonable. Sensitivities of the
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calculated hazard results readily explain the different
aspects of the new model. The project team

concluded that the SSC model provides reasonable and explainable calculated seismic hazard
results.
In general at rock, at 10-4 annual frequency of exceedance, the average increase in ground motion
from the COLA Ground Motion is about 11% at 1 Hz for the seven (7) test sites. At 10 Hz the
average increase is 31% for the CEUS SSC model.
In general at rock, at 10-5 annual frequency of exceedance, the average increase in ground motion
from the COLA Ground Motion is about 17% for the CEUS SSC Model at 1 Hz for the seven (7)
test sites. At 10 Hz the average increase is 46% for the CEUS SSC Model.
The above hazard results above are not intended for engineering design. The hazard curves for
operating plants should be calculated and reviewed to understand the significance of these results
and to understand the variability of results among different sites in different hazard environments.
All hazard calculations were conducted using the EPRI (2004, 2006) ground motion prediction
equations.
The CEUS SSC Report is available at http://www.ceus-ssc.com. The new CEUS SSC model will
be used by utilities pursuing licensing for new nuclear power plants, for evaluating the seismic
safety of existing nuclear power plants and by the DOE in meeting its requirements under DOE
Order 420.1B. Products from the CEUS SSC Project will benefit the U.S. National Seismic
Hazard Maps developed by the U.S. Geological Survey. These maps are used by the building
community to guide building design and by the insurance industry to conduct risk assessments.
Those involved in the evaluation of dam safety can also benefit from the products of the CEUS
SSC Project. The CEUS SSC Project and the Sponsors of the CEUS SSC Project are also
supporting ongoing work lead by the Pacific Earthquake Engineering Research Center (PEER) at
U.C. Berkeley to develop new ground motion prediction equations.

Lawrence A. Salomone
Lawrence A. Salomone, PE, is a registered Professional Engineer with 40 years of experience in
the environmental and earth sciences serving private industry and government. He was the Site
Chief Geotechnical Engineer at the Savannah River Site (SRS) in Aiken, S.C. for nineteen years,
where he developed and managed a $100 million geological, seismological, and geotechnical
(GSG) characterization program to integrate geotechnical and geo-environmental work for
mission-critical nuclear facilities at the SRS. He has directed 35-person and 70-person
multidisciplinary groups. He currently serves as a consultant to the U.S. House of
Representatives, the U.S. Senate, the Electric Power Research Institute and the Department of
Energy on national energy policy issues. Mr. Salomone established the industry-government
partnership that developed the new Seismic Source Characterization (SSC) model for the Central
and Eastern United States (CEUS). In 2011, Mr. Salomone received an excellence in science
award from the DOE Office of the Deputy Secretary, Chief of Nuclear Safety, for this work.
Currently, he is a member of the Seismic Lessons Learned Panel that advises the DOE Nuclear
Facility Safety Program, and he is the EPRI representative on the Joint Management Committee
for the Next Generation Attenuation–East Project. Mr. Salomone earned his BCE in civil
engineering from Manhattan College in Riverdale, N.Y., and his MS in geotechnical engineering
from the University of California, Los Angeles. He is the author or co-author of over 40
published papers and many technical reports.
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CHALLENGES IN SEISMIC HAZARD ANALYSES
IN THE U.S. IN THE 21ST CENTURY:
ARE WE ADDRESSING THE EXTREME EVENTS?
Ivan G. Wong
Principal Seismologist/Vice President
Manager, Seismic Hazards Group
It has been a year since the 2011 M 9.0 Tohoku-Oki, Japan earthquake and the debate rages on
(1) why this earthquake was not anticipated, (2) why the Tokyo Electric Power Company, the
owner of the Fukushima Dai-ichi nuclear power plant did not adequately design the plant for the
earthquake and its resulting tsunami, and (3) why the existing design was approved by Japan’s
Nuclear and Industrial Safety Agency. The obvious question to be asked in the U.S. in regards to
the nuclear power plant safety is: Are the tools and the knowledge we use today to evaluate
earthquake threats adequate so that new nuclear plants will be properly designed? Can “extreme”
events such as Tohoku-Oki occur in the U.S.? If so, can we accurately predict the resulting
hazards, i.e., ground shaking and tsunamis?
Probabilistic seismic hazard analysis (PSHA) is the approach that is used in the U.S. to estimate
the hazard for important and critical facilities such as nuclear power plants. Three key questions
can be raised on whether extreme earthquakes and their associated hazard can be predicted using
a PSHA methodology: (1) how good is the PSHA methodology, (2) how good are the scientific
inputs, i.e., seismic source characterization and ground motion prediction models, and (3) how
stable are the results. In the U.S., the PSHA methodology is well accepted and is well suited to
predict extreme events or very low probability consequences assuming adequate inputs.
Important advancements in the PSHA methodology include a set of guidelines developed by the
Senior Seismic Hazard Analysis Committee (SSHAC) in 1997 and a supplemental set of
guidelines by Hanks and others (2009) on implementation for Level 3 and 4 PSHAs. Both sets of
guidelines focused on the use of expert judgment and the treatment of uncertainty.
Several significant advancements in PSHA inputs have been made in the U.S. Extensive research
efforts continue in the U.S. in the characterization of seismic sources. Although that
characterization is considerably more advanced in the western U.S. (WUS) than the central and
eastern U.S. (CEUS), technological advancements such as GPS, LiDAR, broadband seismic
monitoring, and seismic waveform analyses are helping to improve seismic source
characterization in the CEUS. The SSHAC Level 3 seismic source model for the CEUS is a
recent outcome of those efforts. Very significant advancements in ground motion prediction have
also been made. The Pacific Earthquake Engineering Research Center’s Next Generation of
Attenuation (NGA) ground motion models for tectonically active regions including the WUS is a
major milestone. Efforts continue to refine these models and a parallel effort is being made for
the CEUS as part of NGA-East. All of these improvements in PSHA inputs will reduce the
uncertainties in hazard estimation in the U.S.
Finally, how long are PSHA results stable? A typical response to this question is that if the
uncertainties in inputs have been properly incorporated into a PSHA, the resulting hazard should
accommodate changes in input parameters and hence be stable over time. That observation is
indeed true but because the design of facilities is based on the mean hazard, there can be
significant changes. A good example is the impact of the NGA-West models, which resulted in
decreases up to 30% or more in the National Seismic Hazard Maps. Looking back at the stability
of mean hazard results in the U.S. suggests that they are stable for only one to at most two
decades. The practice of monitoring advancements in earth sciences and their impacts on hazard

179

by a project even after a PSHA has been completed and a strong regulatory review process are
essential to the PSHA process. As to the question of whether extreme hazards can be predicted,
as long as the limitations and uncertainties in the available earth science are fully and
continuously evaluated and incorporated into PSHAs, Fukishima-type incidents can be avoided.
“Available” is a key word and surprises will happen unless the necessary geologic and
seismologic investigations are performed.

Ivan G. Wong
Ivan Wong is a Principal Seismologist and Vice President of URS Corporation in Oakland,
California. He has more than 38 years of experience in the fields of engineering seismology and
seismic geology. A major focus in his career has been earthquake hazard reduction and
awareness and public outreach. At URS, Ivan has directed the seismic hazard evaluations of
more than 300 critical and important facilities worldwide, mostly for the Federal government. He
has managed some of the largest seismic hazard evaluations performed in the U.S. including the
Yucca Mountain Project, the largest study ever performed. For FEMA, Ivan has been involved in
the education and implementation of HAZUS in several areas in the U.S. He has been the
recipient of numerous NEHRP external research grants from the USGS that have supported the
development of urban probabilistic and scenario hazard maps and other earthquake hazard-related
studies. Ivan has also been particularly active in serving the USGS on many review and advisory
panels including the review panel for the 1996 National Seismic Hazard Maps. Ivan has been,
and is currently, a member of numerous professional review panels, working groups, and
committees in engineering and the earth sciences. He chairs the recently formed Working Group
on Utah Earthquake Probabilities. For the Earthquake Engineering Research Institute, he is a past
President of the Northern California Chapter, and past member of the Earthquake Spectra
Editorial Board, and is currently a member of the Board of Directors. Ivan has authored or coauthored more than 300 professional publications including journal papers, map series,
conference papers, and published abstracts.
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The Fukushima Dai-ichi Nuclear Plant Accident
George Flanagan
On March 11, 2011 the “2011 off the Pacific coast of Tohoku Earthquake” occurred off the
northeastern coast of Japan. Several nuclear plants are located along the northeastern coast. All
were affected to some degree by the earthquake which resulted in shutdown of all the affected
plants. The offsite electrical power supply was terminated at both the Fukushima 1 and
Fukushima 2 plants located at Dai-ichi and Danai. Fukushima 1 had six reactors and Fukushima
2 had 4 reactors. Both plants responded to the earthquake and loss of offsite power as designed.
Approximately 1 hour later the Dai-ichi plant was hit by a 9.3m tsunami which overwhelmed the
sea wall and flooded the emergency diesel generators and the ultimate heat sink pumping
systems. As a result, the stations suffered what is referred to as a total station black out, which
means the plant had no AC power available. In the case of the Unit 1 reactor, the tsunami also
destroyed the battery DC system.
With no power to operate the cooling pumps, the reactors began to lose cooling capability. The
plants had in place some emergency heat removal systems that do not rely on electrical power,
but did require DC power for control. As the station black out extended over several days, the
battery systems were depleted and the emergency backup systems began to fail.
The result was that three plants (units 1, 2, and 3) suffered core damage. As a result of loss of
cooling to the cores, a chemical interaction occurred between the hot Zircaloy cladding and the
steam. This rapidly accelerated as more cooling was lost. The result was a rapid buildup of
hydrogen which eventually led to an explosion at two of the plants. The uncooled fuel began to
melt, releasing significant quantities of highly radioactive fission products to the interior of the
plants. During the explosions significant quantities were released to the atmosphere in the
vicinity of the plants.
Residents in the path of the radioactive plume (30 Km) were evacuated as were most of the
workers on site. Those workers remaining on site struggled to control the releases. Based on
current analysis there were not deaths as result of exposure, nor are there expected to be any
significant long term health effects. However, large areas around the plant and up to 50km
northwest of the plant remain inhabitable. In addition, leaking radioactive water from the plant
has been a major concern.
After nine months the plants were finally declared to be in cold shutdown which means the water
temperature in the reactors is below the boiling point, most of the release has stopped.
A massive cleanup effort is underway. The economic and social impacts are huge. It is not
certain when residents of the evacuated areas will be allowed to return to their homes, if ever.
Farm land and industries in the area remain nonproductive.
The presentation will discuss the progress of the accident as a result of the earthquake and
tsunami, indicate some of the root causes that underlie the reason why the accidents progressed
beyond the expected design basis, the impact on nuclear power worldwide, and what is being
done to prevent such an event in the United States.
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George F. Flanagan
Reactor and Nuclear Systems Division
Nuclear Science and Engineering Directorate
Dr. Flanagan has been with ONRL for 40 years, prior to that he worked at Atomics International
Corporation for 3 years. He is recognized for his work in reactor safety, reactor licensing, and
probabilistic risk analysis and Space Reactors. Most recently he led the ORNL response effort to
support DOE in the Department’s early response to the Fukushima Reactor Accident. He is
considered an authority on research reactor design and safety, and has authored training manuals
on research reactor and critical facilities for the International Atomic Energy Agency. In addition
to his research activities he spent 15 years with the ORNL Research Reactors Division, where he
held several management positions including Section Head for Research Reactor Design, Safety
and Compliance; Associate Division Director and Acting Division Director of Research Reactor
Division. Prior to his work in the Research Reactors Division, he was the Program Manager for
Liquid Metal Reactor Physics and Safety.
Dr. Flanagan is active in several professional societies. He was a founding and charter member of
the Society of Risk Analysis, and served on the editorial board of the Risk Analysis Journal. He
has been the general chairman for three American Nuclear Society (ANS) topical meetings
dealing with the Safety of Liquid Metal Reactors and Probabilistic Risk Analysis. He has served
as the chairman of the national ANS Nuclear Reactor Safety Division and on the national ANS
Board of Directors as well as the chairman of the Oak Ridge/Knoxville Section of the ANS. Dr.
Flanagan has received several awards for his work, including the Distinguished Engineer of the
year award from ORNL for 2011.
Education
BS Engineering Science Iowa State University 1966
MS Nuclear Engineering Iowa State University 1967
PhD Nuclear Engineering, Iowa State University 1969
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Chris D. Poland
Chairman - Degenkolb Engineers
Chris Poland’s structural engineering career spans nearly 40 years and includes a wide variety of
new design work, seismic analysis and strengthening of existing buildings, structural failure
analysis, and historic preservation. As an internationally recognized authority on earthquake
engineering, Mr. Poland routinely participates in policy-changing research and code
development projects sponsored by the NSF, USGS, NIST and FEMA. As a passionate advocate
and voice for seismic safety and Resilient Cities, he actively participates in the academic, ethical
and social advancement of his field and lectures often. Chris presides as Chair of the
congressionally mandated Advisory Committee on Earthquake Hazards Reduction for NEHRP.
He is a member of the Board of Directors for the San Francisco Chamber of Commerce, the San
Francisco Planning and Urban Research Association, and is a member of the National Academy
of Engineering. He has been the leading force behind development of the SPUR Resilient City
Initiative for the City and County of San Francisco and is the Co-Chair of the San Francisco
Lifelines Council.
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A Three-Service Utility's System Interdependencies Analysis
and Mitigation Efforts
Richard Bowker
This presentation focuses on Inter-dependencies of MLGW's Electric, Natural Gas, and Potable
Water supplies during a large scale natural disaster. Included in the presentation is a secondary
analysis of how each utility service depends on certain external resources and how those services
are dependent on external events, other resources, and prioritizations. The presentation will
conclude with a review of the mitigation steps the utility has performed to minimize the impacts
of a large-scale earthquake to MLGW’s customers.

Richard Bowker
Richard Bowker is the Manager of Information Services at Memphis Light, Gas and Water. He
graduated in 1976 from the University of Memphis with a Bachelor of Science degree in
Electronic Engineering Technology. He is well respected in the Memphis Information
Technology community, having over thirty years of extensive experience in most aspects of
Information Technology.
Presently, Richard is the Planning Section Chief for the MLGW Corporate Crisis Management
Team and serves as an executive or advisory board member for; the Urban Area Security
Initiative (UASI), the Community and Regional Resilience Institute (CARRI), and MemphisFirst.
He chaired the operational assessment of the 2003 Summer Storm (Hurricane Elvis), and
maintains a close relationship with the Center for Earthquake Research and Information (CERI)
at the University of Memphis. He has served the National Science Foundation since 2004 in an
advisory role for the development of earthquake engineering and disaster assessment research and
is the Past President of the Mid-South Association of Contingency Planners (MSACP)
Prior to coming to MLGW, Richard held the positions of; Director of Operations and Client
Services at dotLogix, Program Manager for the United States Postal Service (USPS) Address
Matching and FASTforward systems, Chief Information Officer (CIO) at the Naval Hospital in
Millington, Program Manager of Submarine Warfare Training with Chief of Naval Technical
Training and Engineer-In-Charge and District Specialist with Honeywell Inc.
Richard is founding MSACP member and 2009 MVP award winner. He is a FBI Citizen's
Academy graduate, a CERT (Citizen Emergency Response Training) graduate and holds Incident
Command System (ICS) certifications ICS-100, ICS-200, ICS-300, ICS-400 and National
Incident Management System (NIMS) certifications IS-00700 and IS-00800.

185

Understanding Interdependent Infrastructure Systems: Modeling
Insights and Practical Challenges
Leonardo Dueñas-Osorio
Assistant Professor
Department of Civil and Environmental Engineering, Rice University
Understanding critical infrastructure systems, including their interactions, performance, and
evolution, constitutes one of the most significant challenges confronting modern societies today
as built environments age, service demands grow, and resources for their operation and
management shrink. Infrastructure systems, such as power, water, and telecommunication
networks among others, exhibit complexities that test the limits of existing performance
assessment methods given their distributed nature, large scale, and heightened exposure. In this
presentation, some of the salient features of infrastructure systems, starting with their
interdependence, are explored from the perspective of their probabilistic response to natural
hazards and optimal interface design. The lessons learned from models and field observations in
the past decade are highlighted, where some of lessons are initially counterintuitive. Key insights
observed across different lifeline systems in distinct regions reveal that interdependencies enable
optimal functionality of utility systems during normal operation but also amplify lifeline system
loss of performance during disruptive events. In addition, interdependencies are seen to only be
critical for lifeline system performance at specific ranges of hazard intensity levels, while the
strategies for controlling interdependence effect propagation must range from a mix of
component strength and capacity increases to the modification of the interface that enables
different lifeline systems to interact. These intricacies of interdependence are consistent across
scenario events and also after convolving hazard with network level fragility at the regional level,
thus confirming that interdependencies can meaningfully steer risk- and resilience-based decision
making. Practical examples of the advances in infrastructure engineering and their impact on
decision making and resilience will be presented, along with lessons learned from recent
earthquake events with evidence of operational, logistical, and geographical interdependence.

Leonardo Dueñas-Osorio
Leonardo Dueñas-Osorio received his Ph.D. degree in Civil and Environmental Engineering from
the Georgia Institute of Technology in 2005. Then, Dr. Dueñas-Osorio joined the faculty of Rice
University in Houston, Texas, as an Assistant Professor of the Department of Civil and
Environmental Engineering in 2006. His research interests include the development of
theoretical and computational models for characterizing the reliability and risk of complex lifeline
networks under external and internal hazards, the long-term unavailability evaluation of wind
turbines, and the quantification of soil-foundation-structure interaction effects on the functionality
of bridge networks. Also, in collaboration with computer and political scientists, he is developing
tools for hurricane risk assessment and the examination of evacuation behavior in coastal cities.
He received the best Ph.D. thesis award from the Department of Civil and Environmental
Engineering at Georgia Tech in 2006, and the U.S. National Science Foundation young
investigator CAREER award in 2008. Dr. Duenas-Osorio serves as Associate Editor for the
Journal of Computing in Civil Engineering and Natural Hazards Review of the American Society
of Civil Engineers (ASCE). He chairs the Lifeline System Interdependencies Committee of the
Technical Council on Lifeline Earthquake Engineering (TCLEE) of ASCE. He is also a member
of the Association for Computing Machinery (ACM), the American Wind Energy Association
(AWEA), the Earthquake Engineering Research Institute (EERI), the Institute for Electrical and
Electronics Engineers (IEEE), the International Association on Structural Safety and Reliability
(IASSAR), and the International Civil Engineering Risk and Reliability Association (CERRA)
among others.
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Ozeryansky Engineering

Ken Skalitzky
FEMA
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Cecil H. Whaley, Jr.
•

•
•
•

Cecil has served Tennessee State Government for over twenty eight years. He serves
presently as Director, Planning, and Exercises Branch (TEMA). He was previously Director
of Operations for Tennessee Emergency Management Agency (TEMA). Cecil also served as
Supervisor of Planning for TEMA Domestic Preparedness and Weapons of Mass Destruction
policy. His division provided long-range strategic planning input and assistance to the
Tennessee Office of Homeland Security. Cecil has served with TEMA since 1988.
Cecil’s previous positions with TEMA include: Director, Earthquake Preparedness Program;
Director of the Disaster Preparedness Program; TEMA Liaison for the FEMA Accredited
Urban, Search and Rescue Program, Tennessee Task Force #1.
Cecil served as Assistant to the Commissioner of TN Employment Security, and Director of
Public Relations 1975 to 1980
Worked in Private Industry 1980 to 1988. Served as owner and CEO of Public Relations,
Advertising and hospitality-industry related privately-held corporation.

EDUCATION
•
•

Undergraduate: Graduated: University of Tennessee, B.S. 1973
Graduate School: Attended University of Tennessee, Masters in Public Administration
course work (have not completed required hours or thesis)
Teacher and Coach (High School), Nashville Metropolitan School System 73-74

MILITARY
•

Served in US Army 69-71, Special Electronic Warfare Surveillance Combat Evaluator,
Project MASSTER, Republic of Vietnam, Laos, Cambodia, Ft. Hood, Texas. Public
Information Specialist, III Corps, 1st Armored Division and 101st Airborne Division.

FAMILY
•
•

Married: Wife, Frances is retired Metro Nashville Elementary Teacher, 32 years.
Son: Wes, B.S. in History, U.T. Knoxville. Currently, Director of Video Services Vanderbilt
University Athletic Department.

MEMBERSHIPS—TEACHING
•
•
•

Adjunct Instructor, U.T. Center for Government Training, Municipal Technical Assistance
Service (MTAS) and County Technical Assistance Service (CTAS), 1975-1980.
Instructor, Federal Emergency Management Institute, Emmetsburg, Md. 1995-02, Courses
included: Homeland Security, Domestic Preparedness, Weapons of Mass Destruction,
Emergency Management Assistance Compact and Local Government Emergency Planning.
Member, National Emergency Management Association (NEMA), Chairman, Steering
Committee, Emergency Management Assistance Compact (EMAC) 1991. Tennessee
Emergency Management Association (EMAT), Chairman of the State-Local Coordinating
Council; Chairman, Program Director’s Council of the Central United States Earthquake
Consortium (CUSEC), the International Coordinating Council on Emergency Management.
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Community Preparedness, Resilience, and Recovery
Elaine M. Clyburn
The presentation will cover the connection between community preparedness and resilience/long
term recovery from the perspective of the American Red Cross national sector leadership.

Elaine M. Clyburn
Elaine Clyburn is currently a member of the West Tennessee Seismic Safety Commission and an
American Red Cross leadership volunteer in disaster response planning, training and
administration of major disaster relief operations. With a B.S. in social science and an M.S.W. in
mental health, she has experience in family counseling, undergraduate social work curriculum
development and instruction; community organizing; and in various paid and volunteer leadership
positions in service to the Armed Forces and in disaster services in the American Red Cross.
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Earthquake Preparedness Initiatives Taken by the American Red Cross
David Kitchen
My emphasis will be on new Community Preparedness initiatives taken by the American Red
Cross … with special attention given to Earthquake Preparedness:
•

The American Red Cross strives to prepare for every type of event, and we strive to
prepare every Community.

•

Specifically, we have begun to focus in a greater way on (1) our Audiences, (2) our
Materials, (3) our Presentations, and our (4) Volunteer Initiatives.

1. AUDIENCES: We are targeting special audiences. For the first time, we are making a
push into the Deaf community (in January of this year, we partnered with NOAA to host
the first ever “Deaf/Hearing Impaired Sky-Warn” Class.) Furthermore, recognizing the
many languages represented in our nation, we now have “Tear Sheets” available in
approximately 20 different languages. Also, we have reworked the “Master of Disasters”
program for children and are striving to develop different “M.O.D” programs with
different disasters in mind: like Earthquakes.
2. MATERIAL: We go beyond “Build a Kit, Make a Plan, Be Informed.” We are trying to
provide event/disaster specific information and facilitate event/disaster specific
Community Preparedness. For example, one of our current areas being stressed relates to
Earthquakes.
3. PRESENTATIONS: We are trying new concepts and methods in Preparedness
Education. One example is our Preparedness Education Program (PEP) which is
completely “interactive.” Another example is that we now have the flexibility to “tailor
make” a presentation: I recently custom made a Presentation specifically for a
Physician’s Organization. I stressed events such as Earthquakes, but I also stressed how it
might impact the healthcare community.
4. VOLUNTEER INITIATIVES: In addition to that which has been noted, it is also
importance to state that the American Red Cross is continually recruiting and training
Disaster Services Volunteers! And while every class attended by a volunteer brings new
knowledge that can be used to personally prepare the student’s family and community …
we are going beyond that. We now have areas of emphasis as relates to Volunteer
Recruitment and Training that especially lend themselves to Community Preparedness.
We now recruit and train entire faith-based congregations … making them American Red
Cross “Shelter Teams.” Each time we raise up a new “Shelter Team” … a Community is
better prepared!
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David Kitchen
I have been raised in Nashville all my life and have been educated here in Nashville. My
Bachelor of Science and Master of Arts degrees are from a local university, Trevecca Nazarene
University.
I have been in the emergency services arena for over 25 years. I took an early retirement from the
Metro Nashville Fire Department, having served in both operational and administrative roles. I
began as a firefighter, EMT, HMT. Later in my career, I was promoted to Lieutenant and worked
in the Fire Marshal’s Office. My areas of specialty included public education, plans review,
building codes, sprinklers, building compliance, and inspections.
After retiring from the Fire Department, I came to work for the American Red Cross in 2007; I
began in the Emergency Services Department in the role of Planning & Response Manager for
the Nashville Regional Chapter. In 2010, I became the Regional Chief Emergency Services
Officer, with responsibility for 2/3rd of the counties in Tennessee. In addition I also serve as State
Relations Disaster Liaison.
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Memphis South Main Retrofit Demonstration Project
Dmitry Ozeryansky
Summary: The South Main Retrofit Demonstration Project is a grass roots, non-profit initiative,
the work of local designers, preservationists, academics, and community members to stimulate
natural-hazard retrofit, conservation measures, repair and maintenance to historic main-street
style URM buildings in Memphis and the greater Mid-South.
The project consists of two phases:
Phase I: (Currently in Development) fundraising, design and construction of affordable highbenefit improvements to one building in the South Main Historic District to be used as an event
and exhibit space.
Phase II: To work with the community to develop and implement strategies that will lead to most
of these buildings being retrofit within 25 years. These buildings are about 100 years old,
Memphis has begun to reclaim them from decay, and repurpose them for contemporary uses.
Our goal is to prepare them to last another 100 years.
Background: We focus on smaller, older, often historic, and usually privately owned, store-front
style buildings (Occupancy Category II, Performance Category: Life Safety or Collapse
Prevention), especially with wood frame floors and roofs. Uses tend to be commercial or
residential. These buildings are very common in the central US, as well as elsewhere. As a rule
they have no rational lateral force resisting system or detailing. Some are poorly constructed
and/or maintained. They were originally built on a tight budget and without design professionals
involved, with a design life of about 100 years. However over the last generation they have come
back into fashion, are experiencing reinvestment, are valued as historically important, and in
Memphis are the sites of vibrant culture, strong communities, small businesses, art galleries, and
some of the best food and drink establishments in town.
So while the community is investing in them, the opportunity this presents for seismic and natural
hazard mitigation measures is usually missed. There is a lack of direction and clarity on this issue
from local governments, while design and construction professionals often defer to the status-quo
of doing nothing to improve lateral force resistance and integrity. Some of the common
characteristics of this building type in the New Madrid region:
•
•
•
•
•
•

No jurisdictions have passed ordinances and few have consistently enforced existing
codes to address these buildings.
Many of these buildings are in economically challenged, yet culturally important and
rapidly gentrifying areas. However, due to lower property values, large resources cannot
be deployed to retrofit them.
The most likely earthquakes they will face in the near future are somewhat smaller than
on the west coast.
They generally do not get as much attention from the earthquake engineering community
as larger, more modern, or more important structures.
Many structural and policy lessons about how to approach these buildings can be derived
from years of experience on the West Coast and Utah; also from the Christchurch, NZ
earthquakes.
The attitude of the public, government, and building industry are substantially different
than on the west coast. For instance, the ability for cities to pass mandatory retrofit
ordinances is extremely unlikely.

Our effort includes before and after retrofit modeling using HAZUS for a pilot inventory of 95
buildings in the neighborhood as well as two case studies of buildings in the neighborhood.
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Dmitry Ozeryansky
Dmitry started his career as a Navy nuclear propulsion officer on the USS Enterprise, but a love
of architecture brought him to UC Berkeley. At notable Bay Area structural engineering firms
Dmitry developed a blend of careful analysis with the sensitivity that results from working with a
wide variety of people and project types and developed particular affinity and expertise working
on seismic retrofit of historic buildings.
In 2009 Dmitry embarked on a new adventure in Oakland, CA as a founder of Ozeryansky
Engineering, using the opportunity to pursue his interest in working with creative architects and
green building technologies.
2010 brought Dmitry to Memphis where he has been quick to establish himself in the design
community through involvement with non-profit leadership in particular the Memphis USGBC
chapter, while also maintaining the Oakland, California office of Ozeryansky Engineering under
the direction of partner Joe Igber.
The South Main Retrofit Demonstration Project is Dmitry’s effort to contribute to the growth and
vitality of his new home and community.

Ken Skalitzky
Voluntary Agency Liaison FEMA Region IV
Ken Skalitzky is the Voluntary Agency Liaison for FEMA Region IV (Atlanta), which includes
Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, and
Tennessee. As FEMA’s liaison with other agencies, Skalitzky sees that FEMA is kept aware of
what other agencies are doing to help disaster victims and makes sure those agencies understand
what FEMA can do. He also sees to it that disaster victims get long term recovery help even after
their federal assistance has ended by working with the other agencies to provide food, clothing,
shelter and continuing repairs and construction on their damaged or destroyed homes. Prior to
coming to FEMA, Ken was the Services Coordinator for the American Red Cross (ARC) in
Baumholder, Germany, assisting military members and their families. Before that assignment,
Ken was the ARC Field Service Manager for the State of Wyoming. He has been a long time
ARC volunteer in health and safety, Armed Forces Emergency Services, and disaster relief. He is
an instructor in many areas.
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Maiclaire Bolton
Maiclaire Bolton joined Risk Management Solutions (RMS) in July 2010 as a Manager of
Earthquake Model Product Management based in the San Francisco Bay Area. She leads the
commercial development and success of earthquake models in North, Central and South America.
Before joining RMS, Maiclaire spent four years with Emergency Management British Columbia
in Victoria where she was the head of the Seismic Program. Prior to that, she worked as a
seismologist with the International Seismological Centre in England and a seismology research
assistant with the Geological Survey of Canada in Victoria and Ottawa. Maiclaire holds a M.Sc.
in Geophysics specializing in earthquake seismology from the University of Victoria and a B.Sc.
in Geophysics from the University of Western Ontario. Maiclaire is currently a Director of the
British Columbia Earthquake Alliance and was previously the Vice President of the Cascadia
Region Earthquake Workgroup (CREW).
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Earthquake Policy: Communicating Information to Those in Power
John Bwarie
Sitting down with the a vice president of a national bank, talking on the phone with a state
emergency manager, or meeting with a mayor each create an opportunity to increase the
resiliency of the nation related to natural hazards. Each has their own personal or institutional
interests, unique oversight, and diverse constituents; and each has the power to make decisions
with long-term, institutional effects. You might have 5 minutes or 5 hours to make a case for the
information you value as important, but how to spend that time (and the time you prepare for it)
will directly affect the value your audience finds in what you have to say.
First, remember that changing policy is difficult. When talking to a policymaker – an elected or
appointed official, an agency head, a corporate leader, or a community leader -- what you say
may be important to you; but if you don’t communicate it so it is important to them, you might
have missed your chance to effect change.
Change is often incremental and requires an understanding of how to get there: You have to
create a path for a policy-maker to follow to the end result, sometimes with smaller wins along
the way. Remember that everyone in the room may think your policy goals are good and
valuable, but there are many reasons to not act. If you provide an easier, recognizable path, the
policy maker is more likely to start the journey. Who communicates with the policy maker, what
is communicated, and how it is communicated all can affect the outcome.
Next, determine your goals before speaking: What do you want your audience to do with the
information you have? Be clear: are you trying to spark interest? inspire action? create advocates?
How can these lead to enacted policies? Know what you want as an end result and decision to
make on who talks, what to say, and what to do should reflect that end result.
Communicating for action is a dance between at least two sides. It helps to know your audience
before communicating. What are their goals and interests, both professionally and personally?
Try to understand what makes them “tick” so you can craft your message to resonate with them.
Then, exhibit controlled passion. Your emotion will drive your message home, but being
overzealous may turn people off or dilute your message. Be human and connect on a personal
level, if possible. Communicating to policy makers requires personal interaction and not just
lectures, slide presentations, and reports.
Focus on your audience, make them feel intelligent, and provide value to them. Delivering your
message requires that you establish authority, provide value, and are accessible. Why should the
policy maker listen to you versus others saying the opposite thing? Be concrete and use examples
with which they connect. Avoid jargon and acronyms but don’t patronize them. Think about how
others can establish your authority for you in advance? What can you provide to the policymaker: don’t just ask for actions – offer your expertise and resources. Make yourself invaluable to
them.
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John Bwarie
John Bwarie is the Strategy & Communications Officer for SAFRR: Science Application for Risk
Reduction, a USGS project working to innovate the application of hazard science for the safety,
security, and economic well-being of the nation. The project has helped communities reduce their
natural hazard threats by directing new and existing science toward vulnerabilities, producing
innovative products, and assuring that the benefit and results are effectively communicated. John
has been involved with this project since 2008 with the ShakeOut Scenario and is currently
developing strategies to engage decision-makers across the country. Prior to joining the USGS,
John spent 8 years working for the Los Angeles Mayor and City Council overseeing economic
and community development.
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Evaluating and Communicating Seismic Risk in Low Probability - High
Consequence Earthquake Regions
Terry E. Tullis
Brown University and Chair of NEPEC
The Central US is an excellent example of a region in which the annual probability of damaging
earthquakes is small, but the consequences to society of such events is large. In such situations it
is even more difficult than in more seismically active areas to assign accurate probabilities of
earthquake occurrence, and yet the seismological community must do the best we can. Given the
uncertainties, disagreements about realistic levels of seismic hazard are bound to arise. In
addition, given the economic consequences of the occurrence of damaging earthquakes as well as
of preparing for them, various groups with economic interests are bound to have differing views.
Attention is currently focused on the bicentennial of the large 1811-1813 earthquakes that
occurred in the New Madrid region and some well-publicized questioning of the official
probabilities of earthquake occurrence in this region has occurred. For these reasons, in the
Spring of 2011, the National Earthquake Prediction Evaluation Council (NEPEC), which I chair,
(http://earthquake.usgs.gov/aboutus/nepec/) convened an “Independent Expert Panel on New
Madrid Seismic Zone Earthquake Hazard.” We were lucky to convince a group of outstanding of
scientists with a variety of relevant expertise to serve. The panel members were chosen to have no
vested interests in the outcome of their review. They received input in writing and in face-to-face
meetings with a variety of scientists, some having previously expressed strong opinions. The
panel wrote a succinct 25-page report that contains their charge, their membership, their activities
and procedures, an executive summary and their more-detailed assessment of the seismic hazard.
The report is available at
http://earthquake.usgs.gov/aboutus/nepec/reports/NEPEC_NMSZ_expert_panel_report.pdf, and
my letter forwarding the report to the director of the US Geological Survey is available at
http://earthquake.usgs.gov/aboutus/nepec/reports/NEPEC_LettertoMcNutt4-18-11.pdf.
The panel found that despite considerable uncertainties about the underlying origins, nature and
history of earthquakes in the region, the seismic zone is at significant risk for damaging
earthquakes, which must be accounted for in planning and development. The panel also examined
the USGS national seismic hazard maps and the process by which they are produced and updated.
They concluded that the hazard maps employ a scientifically sound, carefully implemented, open,
and consensus-based process that incorporates a range of scientific data, views and
interpretations, and represents the best means available to refine hazard estimates. Although the
report acknowledges that uncertainties in our knowledge are sufficiently broad that the current
USGS national hazards maps could somewhat overestimate the seismic hazard within the New
Madrid Seismic Zone (NMSZ), the panel recommended that the 2008 national maps should
continue to be used until they are updated in 2013. NEPEC hopes the report of our expert panel
will be helpful for long-term and emergency planners facing societally relevant decisions in the
New Madrid area. Significant seismic hazard in the NMSZ and broader central US region is
evident.
In addition to dealing with long-term, time-independent earthquake probabilities, the subject of
time-dependent earthquake probabilities is important. NEPEC is currently working to establish
connections between those in the seismological research community who have the expertise to
evaluate seismic hazard, and the community of emergency managers with the responsibility to
decide what actions to take if there appears to be an increased hazard for some period of time. For
example in the Pacific Northwest, the probability is high for the eventual occurrence of a large
damaging earthquake similar to the Tohoku earthquake that struck NE Japan on March 11, 2011.
However, the probability of occurrence of such an earthquake on any given day is extremely low.
If various geological events occurred, for example a moderate-sized earthquake that might be a
foreshock, then the probability would be multiplied by a large amount, i.e. there would be a
significant time-dependent probability gain, even though the probability is still low. Scientists can
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make imperfect estimates of these probabilities and their temporal changes, but we need to work
with emergency planners and response personnel so we can learn how to provide them with
timely information that is suitable for their needs. NEPEC is mandated to keep abreast of progress
in understanding the predictability of earthquakes, and by extension to make this understanding
useful to society. Only by working as part of a team that includes planners, engineers, and
emergency managers can scientists be effective in communicating our understanding, including
its uncertainties, in a societally relevant way.

Terry E. Tullis
Terry E. Tullis received a BA in Geology from Carleton College in 1964 and an MS and PhD in
Experimental Geophysics from UCLA in 1967 and 1971, respectively. Since then he has been a
Professor at Brown University: Asst. Prof., 1970- 1976; Assoc. Prof., 1976-1989; Prof., 19892005; Emeritus and Research Prof. 2005- . He has also been a visiting professor or visiting
scientist at the Australian National University, U.S. Geological Survey, Texas A & M University,
Harvard University, and South Dakota School of Mines and Technology. He has served on
review panels for the U.S. Geological Survey Earthquake Hazards Reduction Program and the
National Science Foundation. He served as General Secretary, American Geophysical Union,
2002-2006. He was Organizer and Chairman of the first Gordon Research Conference on Rock
Deformation; member of Southern California Earthquake Center (SCEC) Planning Committee
2001- ; member of SCEC Board of Directors, 2001-2006; Chair, SCEC Fault and Rock
Mechanics (FARM) Disciplinary Committee, 2001-2006; Chair, SCEC Earthquake Forecasting
and Predictability Focus Group, 2006-2011; Chair, SCEC Technical Activity Group on
Earthquake Simulators, 2011- ; Organizer of three SCEC FARM and five SCEC Earthquake
Simulator workshops, 2001-2011; Chair of National Earthquake Prediction Evaluation Council,
2009- ; Member, Scientific Earthquake Studies Advisory Committee (advising the USGS), 2009. He has authored over 70 peer-reviewed book sections or journal articles and over 150 abstracts
for meeting presentations.
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From Awareness to Action: The Values-Based Message
Kate Long
California Earthquake Authority (CEA) and California Emergency Management Agency (Cal
EMA) partnered to invest in message development market research, intended to guide the
development of a communications strategy that will be persuasive and effective in moving
California residents to a higher level of earthquake preparedness than currently exists. Prior
sociology research efforts form the foundation for the current engagement with the
recommendations that earthquake educators “brand the message” and not the messenger and
develop an evidence-based standardized message, to be delivered in a consistent manner over
multiple channels, over a long period of time, via a coordinated campaign among the various
local, state and federal programs and agencies engaged in earthquake preparedness. However,
previous research studies did not address a key component of any communications strategy – the
actual message - “what to say” - that will be needed to move more Californians to take more
readiness actions.
The overall framework guiding the Value-Based Research undertaken by CalEMA/CEA in 2011
and conducted by Harris Interactive, is the VISTA™ (Values In STrategy Assessment)
methodology. This proprietary research methodology focuses explicitly on understanding and
identifying the most personally compelling personal values in the decision-making process. This
approach allows identification of the underlying needs and motivations of California residents as
it relates to readiness and preparedness. Just as important, the VISTA™ approach shows how the
rational and emotional components of decision-making are linked. The outcome of VISTA™ is a
communications template, or map, depicting the decision-making thought process that gives a
blueprint for action – those important factors that motivate our target audience toward immediate
and long-term action.
The qualitative and quantitative research identified two key “pathways” of communication that
lead the audience from what actions we want them to take through the emotional and value-based
reasons it is important to them. The short-term “response” pathway begins, at an attribute level,
with gathering and organizing supplies, contact information and putting together a family disaster
plan. This leads people to feel they will be “ready and able,” the functional, specific benefit of
having those supplies, when an earthquake strikes so that they can take care of their families.
Family protection was a strong and motivating element during every phase of research and was
true for every demographic group interviewed. At an emotional level, being ready leads to feeling
in control and that one will survive (both immediately and over the longer term). And ultimately,
this gives people confidence and peace of mind which are the values associated with the
seemingly simple task of gathering emergency supplies. The long term “recovery” pathway
begins with concerns about one’s physical belongings and the structure itself leading to a benefit
that one has mitigated their potential injury or damage, to themselves or their property. These
actions and benefits lead to feelings of being in control and of survival which, like the short-term
side of the map, leads to the values of peace of mind and confidence.
Importantly, when thinking about message development, regardless of whether subjects started at
the short or long-term attribute level, they identified common emotional consequences (survival
and control and common values (peace of mind and confidence). This suggests that all
communications, regardless of the agency, program, product or service offered needs to
communicate these emotions and values.
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A third “negative” pathway was also identified. This pathway started with people admitting that
they are in denial regarding earthquakes; that they procrastinate when it comes to getting more
prepared and that in the course of their daily lives; that other things become more important. This
general malaise regarding earthquake preparedness leads people to feel that they have not done
enough to be prepared and will not be ready when an earthquake strikes. Ultimately, this pathway
results in low self-esteem and lack of peace of mind. While it is important to be aware of this
pathway and recognize that a significant portion of the population fits into this framework, we
strongly recommend against negative messaging inducing feelings of guilt.
Based on this Value-Based Market Research, the following framework is recommended to
agencies engaged in earthquake education when they evaluate existing communications or
develop new ones: Talk about why preparedness is important to do (the emotional and value
level), not just what they should do (attribute and functional consequence level). Every
communication should connect the attribute (i.e., kit, disaster plan, etc) with the value associated
with it (i.e., peace of mind, confidence). Emotions and values can and should be communicated
using both words and images. Avoid using guilt as the emotional pull of communications.
Communicate often using a variety of mediums; short term or one-off campaigns will likely not
produce the desired result. Communicate in a consistent manner. The emotions and values
identified here will apply to the short and long terms aspects of earthquake preparedness so it’s
important to have that guide communications. The emotional and value level findings are true
across demographic groups, regardless of age, race/ethnicity or where one lives in California (i.e.
more risky or less risky area). Specific campaign strategies (i.e. media buying, placement, etc)
may need to be tailored for different populations but the main themes of the message - family
protection, survival, control - are true across the board.

Kate Long
California Emergency Management Agency
Earthquake and Tsunami Program
Kate Long is a the program deputy for the California Emergency Management Agency
Earthquake and Tsunami Program where she provides knowledge translation to ensure
advancements in science are available to policy makers, emergency managers, and the public.
Long has expertise in intergovernmental relations and represents the state's interests in the
California Integrated Seismic Network (CISN), a partnership of federal, state, and universities
involved in California earthquake monitoring.
Since 2008, Long has served on the Earthquake Country Alliance steering committee,
coordinating the Great California ShakeOut earthquake drill and community readiness campaign.
As part of the ShakeOut team, Kate was awarded the 2009 USGS Eugene M. Shoemaker Award
for Communications Excellence, which is given annually to recognize extraordinary effectiveness
in communicating complex scientific concepts and discoveries into words and pictures that
capture the interest and imagination of the American public.
Before joining the Earthquake and Tsunami Program, Kate worked as a planner for the Federal
Emergency Management Agency’s first National Emergency Response Teams; for the City of
Los Angeles Mayor's Office developing a volunteer-led earthquake preparedness program; and
for the California Governor's Office of Emergency Services, where she managed the public
assistance grant review in the wake of the 1994 Northridge Earthquake. Before coming to
emergency management, Long was a motion picture producer (she reports that the two industries
have more in common than one might imagine). She holds a bachelor of arts degree in
government with an emphasis in economics from Mills College in Oakland, California.
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Incorporating Societal Safety Issues into Businesses
Lucy A. Arendt
Associate Dean and Director of the Austin E. Cofrin School of Business, University of Wisconsin
Green Bay
In the aftermath of an earthquake, people look for signs that their community is returning to
“normal.” One of the key elements of any community is its business and industry. Business
provides jobs, generating revenue and income. Revenue and income enable people to purchase
goods, including necessities such as food and water, and other goods that may not be necessities,
but that enhance people’s quality of life. Part of the “return to normalcy” is the opening and
reopening of businesses. Without functioning businesses, people lose income. Without income,
people may lose their homes, along with their reason for staying in the community. Without
functioning businesses, people are unable to shop at their preferred grocer, buy gas at the corner
station, purchase clothing in their favorite mall, and the like. Without functioning businesses,
downstream and upstream businesses are unable to work with contracted suppliers and
distributors. Without functioning businesses, utilities are unable to collect receivables. What used
to be the community may not be after an earthquake.
Businesses must do what they can to withstand the effects of an earthquake. Certainly, this
includes having buildings that are up to code, and perhaps, even better. It includes thinking about
non-structural elements and contents. Structural engineers and architects are excellent sources of
information for the “hard” aspects of being prepared for an earthquake.
Not always considered are the “soft” aspects of being prepared for an earthquake. The last several
years have seen many attempts to engage potentially affected populations in thinking about and
preparing for earthquakes. Events such as the Great California Shake Out, the Great Central U.S.
Shakeout, and others around the world have involved high numbers of people, many of whom
have been associated with PreK-12 schools, colleges and universities, medical facilities,
government agencies, non-profit organizations, neighborhood groups, and businesses
(http://www.shakeout.org/comparison/).
Events such as the Great California Shake Out and the Great Central U.S. Shakeout appear to do
an excellent job of communicating and sensitizing people to earthquake risks and preparedness.
One of the main and most effective conduits of sharing seismic safety information may be
through businesses. People spend many if not most of their waking hours at businesses, whether
they’re working, shopping, etc. In some respects, communicating seismic safety information to
working adults through businesses is analogous to communicating seismic safety information to
children through PreK-12 schools. For example, while 2,054,872 children participated in the most
recent Great Central U.S. Shakeout (2012), the number of businesses participating was 443,
including 60,745 individuals (http://www.shakeout.org/centralus/all_participants.php). These are
great numbers! Still, these numbers suggest vast, untapped potential for reaching people through
businesses, as the Central U.S. area of the United States was home to 899,982 firms, employing
18,511,508 individuals (http://www.census.gov/econ/susb/) in 2009.
What are the mechanisms by which seismic safety issues might be communicated through and in
businesses? First, events like the Great Central U.S. Shakeout are an excellent means of
energizing communities and communicating information across categories of organizations.
Continually increasing the number of participants in these exercises will go a long way toward
communicating a clear message to all possible participants. The numbers of participants have
been excellent, but opportunity remains! For example, while the 2011 Great California Shake Out
involved 488,389 individuals associated with businesses, California’s businesses employed
12,833,709 individuals in 2009.
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Second, emergency preparedness experts might speak to Chambers of Commerce and other
business organizations (e.g., Rotary) to communicate needed information. Third, businesses
might be invited more frequently to earthquake conferences, perhaps to attend special sessions
targeted specifically to businesses. Speaking the language of business will be critically important
to effective communication. In every industry, including the earthquake preparedness “industry,”
jargon enables members of the industry to communicate effectively and efficiently with other
members of the industry. Too often, our jargon does not transfer especially well outside our own
industry. Hence, we must tailor our messages appropriately. When speaking about the probability
of an earthquake, for example, we need to compare the odds to the odds of other known events
occurring, along with visually portraying likely consequences. In an age when computer
visualization has made simulation more and more realistic (think of the latest video games
available for Xbox), it’s important to produce accurate simulations of earthquake effects. Doing
so will better communicate the need for preparedness, whether “hard” or “soft.”
Creating social and print media that may be accessed by all business employees will be essential
to effectively distributing needed information. Short videos on Youtube that engage viewer
emotions (positively or negatively) appear to have great potential, especially those that go “viral.”
Print media that may be kept at one’s desk may also serve as regular reminders of what to do
(e.g., “Drop! Cover! Hold on!). Twitter feeds that remind employees about earthquake
preparedness may be used sporadically to also remind employees what to do when they’re at
work, when they’re at home, and when they’re out and about in their community.

Lucy A. Arendt
Lucy A. Arendt, Ph.D., is an Associate Dean and Professor of Business Administration
(Management) at the University of Wisconsin-Green Bay. Her Ph.D. is in the field of
Management Science, emphasizing Organizations and Strategic Management. She has extensive
expertise researching the hazard mitigation investment decision process. Much of her field
research has involved personal interviews in California, Oregon, Washington, Louisiana, and
Mississippi with key stakeholders. She is the coauthor of Natural hazard mitigation policy:
Implementation, organizational choice, and contextual dynamics (Springer, 2011) along with
Daniel J. Alesch and William J. Petak. She is also interested in community resilience, and is the
coauthor of Managing for long-term recovery in the aftermath of disaster (PERI, 2009) along
with Daniel J. Alesch and James N. Holly. She participated in EERI-sponsored reconnaissance
research after the September, 2010 earthquake in Christchurch, New Zealand. She is the lead
trainer for the EERI-sponsored Housner Fellows leadership development program.
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EERI Annual Business Meeting
Thursday, April 12, 2012
Peabody Hotel
Memphis, TN
5:15 – 6:00 PM

AGENDA
Reading of the Names: Moment of silence for deceased members
Introduction to 2012 Board of Directors
Introduction to 2012 Housner Fellows
Reports
• President’s Report – Tom Tobin
• Financial Report – Janiele Maffei, Secretary/Treasurer
Recognition:
New Subscribing Members
New Regional Chapters
New Student Chapters
Announcement of Bruce Bolt Medal to Norman Abrahamson, Pacific Gas and Electric, to
be presented at the COSMOS Meeting
2010/11 EERI/FEMA NEHRP Graduate Fellow
Retiring Board Members
Retiring Committee Chairs
Retiring Spectra Board members
Introduction to EERI Staff
Comments from the floor!
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2012 Housner Fellows Class

Syed Mohammed Ali (GFDRR)
Ali is the Director of the Earthquake Engineering Center at the
University of Engineering and Technology in Peshawar Pakistan. He
is currently installing a shake table and other seismic testing
equipment in the center’s new lab.

Cale R. Ash
Cale is an Asscociate Principal with Degenkolb Engineers in Seattle.
His work has focused on the seismic evaluation and rehabilitation of
existing buildings and he is currently the President of the Cascadia
Region Earthquake Workgroup.

Carlien C. Bou-Chedid (GFDRR)
Carlien is a Structural Engineer with a special interest in seismic risk
reduction. She assisted in the formation of the Ghana Earthquake
Society and serves on the National Platform for Disaster Risk
Reduction.

Danielle Hutchings
Danielle is the Earthquake and Hazard Program Coordinator for the
Association of Bay Area Governments. She has launched a Regional
Disaster Resilience Initiative which focuses on recovery and
restoration after major disasters.
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2012 Housner Fellows Class

Lindsey Maclise
Lindsey is a licensed Structural Engineer with Forell/Elsesser
Engineers in San Francisco, CA. She is currently the co-chair of the
Structural Engineers Association of Northern California’s Sustainable
Design Committee.

Hassan Steven Mdala (GFDRR)
Hassan is a geologist in the Seismology Section of the Geological
Survey Department of Malawi. He has authored reports on the
geological mapping of faults and earthquakes and is a member of the
Malawi Disaster Risk Management Stakeholders.

Vivek Rawal
Vivek trained as an architect and has worked with communities in
India on issues that include social housing and disaster safety. He is
the founder of People in Center Consulting, which provides technical
services for disaster safe housing.

Kate Stillwell
Kate is the Product Manager of Earthquake Products at EQECAT, Inc.
She is a registered Structural Engineer in California. She co-founded
and served as Acting Executive Director for the Global Earthquake
Model (GEM).
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Bruce Bolt Medal Recipient

Norman Abrahamson
Chief Scientist, Geosciences Department
Pacific Gas and Electric Company
Professor Bruce Bolt was recognized in his time by earthquake engineers
and seismologists worldwide as the expert in engineering seismology. His
PhD student, Dr. Norman Abrahamson, is now advancing the leading
edge of the field and is arguably the world’s foremost authority on
engineering seismology.
Following his PhD in 1985, Abrahamson worked for several consulting companies and as an
independent consultant, then joined Pacific Gas and Electric Company (PG&E) in 1996, where he
is currently employed as Chief Scientist in the Geosciences Department. In parallel, he has
consulted on many projects worldwide and, since 2003, serves as an Adjunct Professor of Civil
Engineering at the UC Berkeley and Davis campuses. He is an active member of SSA, EERI, and
COSMOS, and has served terms on each organization’s Board of Directors.
Abrahamson authored with Bolt some of the pioneering papers to answer practical and significant
engineering problems regarding seismic wave coherency and spatial variation of seismic wave
forms, and also provided one of the first estimates of fault rupture velocity and direction, which
has applications in directivity analyses. Abrahamson has become a leader in the development of
ground-motion prediction equations (GMPEs) and in analyzing the statistical properties of peak
parameters and their variability.
Abrahamson’s strong leadership is due in good part to his rare ability to not only focus on
resolving technical issues arising in challenging, state-of-the-art projects, but also to recognize the
need for changes in engineering practice and make them happen. He has improved regression
procedures used in GMPE development, improved methods for spectral matching, and provided a
verified Probabilistic Seismic Hazard Analysis (PSHA) code that is widely used in industry. This
work has been part of his initiative to address practical issues of time-series selection and scaling
in structural analysis. He has helped initiate and guide research efforts that directly impact
engineering seismological practice, including the PG&E Lifelines, NGA-West, and NGA-East
programs at PEER, and the Extreme Ground Motion Program sponsored by the Department of
Energy. Abrahamson has also provided essential technical leadership in two recent and
significant ground-motion characterization studies using expert elicitation: the Yucca Mountain
nuclear waste repository project and the Swiss PEGASOS project. Currently, he is the Technical
Integrator for the SSHAC Level 3 PSHA studies for the Diablo Canyon Nuclear Power Plant and
BC Hydro. In these and like projects, his direction is to “focus on what matters.”
Building understanding and improving communications between the seismological and
engineering communities is an ongoing outcome of Abrahamson’s efforts. As an adjunct
professor and a guest lecturer, he has been teaching classes on strong-motion seismology and
PSHA with the particular goal of preparing the next generation of engineering seismologists and
earthquake engineers, thereby improving the health of the engineering seismology profession
itself. He takes an active role in educating current practitioners and frequently speaks at public
conferences and private meetings, where he focuses on PSHA and the proper use of strong
ground motion data
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Thursday, April 12, 2012
6:00 p.m.
POSTER SESSION: GRADUATE STUDENTS
C. Argyrou
Non-Linear Inelastic Rotational Stiffness of
Shallow Foundations

Masood H. Kafash and David Arellano
A Practical Design Example of Seismic Stability
Analysis of Landslides Stabilized with Expanded
Polystyrene (EPS)-Block Geofoam

Kyle Bethay, Mamun Miah, and C. Mullen
Seismic Vulnerability of Select Critical Bridges
in North Mississippi

Zhang Liu and Stefan Szyniszewski
The Study of Evacuation Time and Patterns after
an Earthquake Using Agent-Based Modeling

Dimitra Bouziou
Seismic Wave Propagation Effects on Pipelines
Rehabilitated with In Situ Linings

Bryce Lloyd
Adapting Mobile Sensors for Structural Health
Monitoring: Investigating Signal Accuracy of
Automated Mobile Sensors on Surfaces with
Varying Friction Coefficients

L. Burks
Prediction and Structural Response of Fling
Effects in Near-Fault Ground Motions

Armin Masroor and Gilberto Mosqueda
Impact Model Considering Surface Compliance
for Simulation of Base Isolated Buildings
Impacting Moat Wall

Xiaohu Fan and Jason McCormick
Characterization of the Seismic Response of
Corroded Steel Bridge Bearings
Kevin Foster, Adrian Rodriguez-Marek, Russell
Green, Sam Lasley, and Nick Lacour
Static and Dynamic Properties of Coal
Combustion Products

Chiara McKenney
Increasing Earthquake Resiliency in Developing
Countries through Involvement of the
Earthquake Engineering Community

Michael Germeraad
Student Virtual Reconnaissance

Nitin Pangavane and Chris Mullen
Case Study of AASHTO-LRFD Seismic
Provision Changes on Substructure Demands
for a Composite Deck Bridge in North
Mississippi

Xuan Guo
Seismic Performance of Scoured FoundationStructure Systems: Preliminary Findings
Ali Hajihashemi and Shahram Pezeshk
Applying Displacement-Based Methods in
Seismic Design of the SR21-I69 Bridge

Shahram Pezeshk and S. Mehrdad Hosseini
Improved Inversion of Surface Waves;
Comparison of Synthetic Seismograms with
Observed Seismograms in the Field and
Considering Higher Modes of Propagation

Caitlin Jacques, Jason Adleberg, and Judith
Mitrani-Reiser
Earthquake Outreach: Design of an Educational
Module for K-12 Students on PerformanceBased Design of Critical Structures

Andrew Rietz, Steven Halewski, and Yu Bao
3D Finite Element Modeling of Seismic SoilStructure Interaction in Bridges
(over)
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Ali Salehian and Michael Kalinski
Predicting the Dynamic Behavior of Mine
Tailings Using State-of-Practice Geotechnical
Field Methods

D. Weiser
Relationships between Earthquakes and Mapped
Faults
Brad P. Wham
Characterization of Polymer Lined Ductile Iron
Pipes Subject to Seismic Induced Ground
Deformations

Alireza Shahjouei and Shahram Pezeshk
Implementation of the Genetic Algorithm and
Neural Networks in Generation of Artificial
Seismic Accelerograms

Hartanto Wibowo, Danielle Smith, Ian Buckle,
and David H. Sanders
Experimental Investigation on Combined Live
Load and Seismic Load Effects on Response of a
Horizontally Curved Bridge

Lawrence A. Simonson, Ronald D. Andrus, and
Tahereh Heidari
Liquefaction Potential Mapping of the
Charleston Quadrangle, South Carolina
Chunli Wei, Ian Buckle, and Sherif Elfass
Lateral Stiffness of Piles in Sloping Ground
under Bridge Abutments by Equivalent
Analytical Model
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NON-LINEAR INELASTIC ROTATIONAL STIFFNESS OF
SHALLOW FOUNDATIONS
Authors: C. Argyrou, Civil Engineer
Affiliation: National Technical University of Athens
ABSTRACT
The compliance of underlying soil introduces additional degrees of freedom to the superstructure,
affecting its overall response to vertical and mainly to seismic loading. In practice, the soil is usually
simulated with springs whose stiffness is a function of soil properties and foundation characteristics.
Due to the developing non linearities, this stiffness has variable values. In case of shallow
foundations, the nonlinear behavior is manifested through three mechanisms; (a) detachment of the
foundation from the underlying soil (uplift-geometric nonlinearity), (b) sliding at the soil-foundation
interface (interface nonlinearity) and (c) mobilization of soil failure mechanisms
(material
nonlinearity). In case of slender structures, where the rocking oscillation prevails, geometric
nonlinearity is dominant.
This study focuses on the response of rigid one-degree of freedom systems, such as bridge piers,
founded on a homogenous clay layer of great depth under monotonic loading, through 2D Finite
Element Analysis. As first approach, the effect of detachment of the footing from the underlying soil
and the consequent decrease in soil-footing contact area (geometric nonlinearity) is investigated and
thus the soil behavior is assumed to be linear elastic. Next, the inelastic behavior of soil is taken into
account, introducing the material nonlinearity. A parametric analysis with respect to width of footing
(B) , aspect ratio of system (h/B) , soil properties (E, Su, E/Su) and safety factor under vertical loading
(FSv ) associated with the mass of the system (m), is performed. The basic parameter of this problem
is the soil-foundation rotational stiffness ΚRR, which in case of a rigid strip footing on elastic soil and
under conditions of full contact is given by analytical expressions (Gazetas, 1983) . The purpose of
this study is the quantification of the decrease of the soil-foundation rotational stiffness with respect to
the rotation angle of the footing. The derivation of normalized degradation curves, independent of the
aforementioned parameters and applicable in every case, constitutes the ultimate goal.
A model using the code Abaqus F.E. has been formed in order to implement the required parametric
analysis, assuming plane strain conditions. The soil layer is simulated with 4-noded continuum plain
strain elements (CPE4). The elastoplastic soil behavior follows the Von Mises failure criterion
combined with nonlinear kinematic hardening law and associated plastic flow rule. The superstructure
is a simple system, consisting of the mass element on the top of the system, the column and the
footing. The column is simulated with linear beam elements of circular cross section (Β21) and of
high Young’s modulus and the footing with 4-noded continuum plane strain elements (CPE4) of
high Young’s modulus as well. Special interface elements are used allowing the detachment of
footing from the underlying soil. The boundaries of the model have been selected so as to ensure that
they do not affect the results; the depth and the width of the model are set equal to H=12B and
L=18B respectively. After the vertical static loads are imposed, a horizontal displacement on the top
of the system is imposed till overturning (displacement controlled push over test).
Every analysis yields a M-θ curve ; where M is the moment required for the system to balance at a
specific rotation angle θ. Based on M-θ curve, the correlation of dimensionless secant stiffness ΚR(θ)
/ ΚRR with respect to rotation angle θ is derived, following the concept of an equivalent elastic
stiffness corresponding to a given angle θ.
Regarding the first approach, based on the assumption of linear elastic soil behavior, which is
reasonable for the case of light-loaded systems or very stiff clays, the main conclusions of the work
are summarized as follows; (1) for very small rotation angles, the rotational stiffness of the system
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equals the value derived from the analytical expressions. (Gazetas, 1983). As rotation angle gets
larger, the decrease in soil-footing contact area leads to a decrease in rotational stiffness. (2) the basic
parameters affecting this degradation are the soil Young’s modulus E and the mass of the system m,
and more specifically the ratio of these two parameters. The breakpoint of each curve coincides with
the rotation angle required for the initiation of detachment θup (3) using θup for the normalization of
the rotation angle (θ/θup), a unique degradation curve in terms of ΚR(θ) / ΚRR - θ/θup is obtained
independent of the system’s aspect ratio h/B, the footing width B, the soil modulus E and the mass of
the system m.
As for the second approach, which accounts for both geometric and material nonlinearities, the
results differentiate as follows; (1) the initial rotational stiffness does not equal to the value calculated
from the analytical expression. The development of initial plastic deformation due to the vertical load
leads to reduced stiffness of the system soil-foundation even for zero rotation angle of the footing. A
correlation between the factor of safety against vertical load FSV and initial stiffness of the system
normalized to the corresponding elastic can be derived. (2) the safety factor under vertical loading
FSV has significant effect on the form of degradation curves and the type of failure. In case of the
light - loaded foundations (large FSV) uplift dominates as a way of undertaking the imposed moment
from horizontal loads. In contrast, in case of heavy-loaded foundations (small FSV) the mobilization
of bearing capacity mechanisms prevails and
consequently large settlements with increasing
rotation angle, while the detachment is imperceptible. (3) in order to normalize the results, based on
the elastic problem, an expression for the rotation angle corresponding to the initiation of uplift is
defined θup,in, taking into account the decreased initial rotational stiffness. Thus, a unique degradation
curve is derived for every FSv. The normalization holds better for light loaded and for small rotation
angles, where the P-δ effects are not of major importance.
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Seismic Vulnerability of Select Critical Bridges in North Mississippi
Kyle Bethay, Graduate Research Assistant
Mamun Miah, Graduate Research Assistant
C. Mullen, Associate Professor
Department of Civil Engineering, University of Mississippi
ABSTRACT
An October 2009 Federal Emergency Management Agency sponsored study entitled, “Impact of
New Madrid Seismic Zone Earthquakes on the Central USA,” has evaluated potential direct
damage and functionality of infrastructure over an eight state region as a consequence of a
catastrophic scenario rupture along segments of the New Madrid fault. Damage and losses are
estimated to be significant for most infrastructure systems in Desoto and Tate counties in
Mississippi except for highway bridges. To further investigate this result, the Mississippi
Emergency Management Agency sponsored a site-specific study focused on three Coldwater
River crossings located on Interstate 55 and US Highways 51 and 78. Computer models of each
structure were developed to provide more detailed information about potential damages to these
major routes that direct vehicular traffic into and out of Memphis and north Mississippi
communities.
Design drawings and soil data reports from Mississippi Department of Transportation have been
used to develop simplified 2D and 3D finite element models of typical intermediate bents, singlecolumn piers, and a 3 span continuous box girder segment. Discrete soil-spring parameters were
developed for each of the bridge site to capture linear soil-pile interaction response in their
models. Emphasis has been placed on 2D models of intermediate bents and piers. A site specific
input time history data was developed using simulated motion at a nearby bridge site consistent
with estimated peak ground accelerations predicted for the scenario earthquake of the regional
study.
Time history analysis is performed using the site specific input motion applied to the discrete soil
springs. Response simulations provide estimates of the dynamically generated axial forces, shear
forces, and bending moments of the piles and columns in the bents and piers which are compared
with design capacities to establish the risk for potential damage. Eigenmodes and computed peak
response configurations provide insight into potential damage mechanisms in the transverse
direction. Nonlinear material and geometric response are computed for some cases to further
demonstrate the vulnerability with respect to local failures.
As both the design of the piles and the as-built pile conditions are uncertain, it is not possible to
definitively state whether any residual capacity will exist in the event of the scenario level
loading event. It is recommended that a larger study of more comprehensive scope be enabled to
more reliably delineate the soil and structure conditions assumed in the present study and assess
the influence of liquefaction on functionality of these bridges.
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SEISMIC WAVE PROPAGATION EFFECTS ON PIPELINES
REHABILITATED WITH IN SITU LININGS
Presenter: Dimitra Bouziou, Graduate Student, Cornell University, Ithaca, New York, USA
The performance of underground lifelines during earthquakes can be significantly improved with the
use of in situ pipe lining technologies that involve the insertion of polymeric linings inside existing,
underground pipelines. The effects of seismic wave propagation on pipelines that have been retrofitted
with linings can be limited, and such technologies potentially ensure the serviceability of such
networks even after considerably strong seismic events. Some of the advantages of using lining
technologies include the secured continuity of pipeline flow, prevention of leakage and intrusion, as
well as variable degrees of structural reinforcement. Current design and construction practices do not
include in situ lining technologies for seismic risk mitigation, and the adoption of such methods for
the rehabilitation of pipelines can be possible through experimental validation and analytical
procedures.
This paper focuses on the response of cured in place pipe (CIPP) lining technology for seismic retrofit
under strong seismic excitations. Finite element models are developed for simulating seismic wave
interaction with buried pipelines and, consequently, the transient seismic wave induced relative joint
displacements in segmented ductile iron pipes is estimated. In addition to the analytical work, fullscale dynamic tests are conducted on the twin re-locatable shake table facility of the Structural
Engineering and Earthquake Simulation Laboratory (SEESL) at the University at Buffalo (UB). The
dual shake table capabilities at the University at Buffalo NEES Site are uniquely qualified for
simulating transient ground deformations caused by seismic waves.
The paper describes the modeling methodology of seismic wave effects on aging and defective
pipelines, strengthened with CIPP linings, including the selection of representative ground motions.
The ground motion interaction with a cracked pipe or defective joint subsequently retrofitted with a
CIPP lining is simulated. The results of special tests on lined jointed pipe specimens to characterize
their response to ground deformation are presented and they are subsequently used for capturing the
behavior of the joint connections in the finite element simulations. The aforementioned special tests
include monotonic and cyclic axial pull and four-point bending testing on 12 foot long single joint
segmented pipelines. The resulting axial force – axial displacement and bending moment – rotation
curves are used as the basis for developing simplified bilinear curves that are introduced into the finite
element models.
Since pipelines are typically buried within shallow depths, i.e., 3 to 9 ft, below the ground surface,
both body and surface waves may influence the response of pipelines during earthquake. This paper
focuses on the seismic body wave effects on pipelines. An ensemble of real earthquake motions that
have generated by seismic faulting is selected and used for both the finite element simulations and the
dual shake table dynamic tests. The strong motion recordings are resolved in the direction of the
pipeline such that the induced relative joint displacements are maximum and polarity effects are taken
into account.
The finite element model is initially validated using closed-form solutions for the seismic body wave
interaction with unlined jointed ductile iron pipe, as well as with CIPP. Soil-structure interaction
effects are simulated using spring-slider elements capable of representing shear transfer as an elastoplastic process. The time histories of the strong input motions are converted to displacement versus
distance records and are applied in the displacement field of the model. Each modified strong motion
recording is scaled in a nonlinear fashion up to the degree at which failure of the liner is accomplished
in the simulation.
The resulting relative joint opening time histories from the finite element analyses are used as input
motions for the dual shake table dynamic tests conducted at the University at Buffalo in order to
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account for the seismic soil-structure interaction. The response of the composite pipeline is monitored
with acoustic emissions during each test. The results of full-scale dynamic tests of seismic ground
wave effects on three pressurized water pipelines (5.9 in. in diameter and 32.8 ft long) retrofitted with
CIPP linings with their two ends resting on each of the shake tables are presented. Asynchronous
translational motions were applied to each shake table and the results are in good agreement with the
monotonic tests, while the assumptions made for the finite element simulations are verified.
The research described in this paper is part of the NEESR-CR Earthquake Response and
Rehabilitation of Critical Lifelines project that involves large-scale testing at the Cornell University
and University at Buffalo equipment sites of the George E. Brown, Jr. Network for Earthquake
Engineering Simulation (NEES). The research involves a university-industry partnership with support
from Insituform Technologies, Inc., Los Angeles Department of Water and Power (LADWP), and the
Center for Advanced Microelectronics Manufacturing (CAMM).
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CHARACTERIZATION OF THE SEISMIC RESPONSE OF CORRODED STEEL BRIDGE
BEARINGS
Xiaohu Fan, PhD Candidate, University of Michigan, Ann Arbor
Jason McCormick, Assistant Professor, University of Michigan, Ann Arbor
A number of bridge failures (i.e. unseating and collapse of spans) observed during the 1995 Kobe
earthquake were associated with the poor performance of steel bearings under seismic action.
Considering the vast amount of steel bridge bearings installed in existing highway bridges of the Central
and Eastern United States, it is important to understand the seismic response of these bearings given the
significant seismic hazard for the area resulting from intra-plate seismic zones. According to past
research findings, age-related deterioration also can lead to an increased hazard since deterioration in the
form of corrosion can significantly undermine the capacity and behavior of crucial structural members,
such as the steel bearings. Corrosion of steel bearings can result in section loss at the contact surfaces
and debris build-up between contact surfaces, creating an adverse change (i.e. locking and change in
friction coefficient) in the mechanical mechanism that the bearings rely on to accommodate translational
and/or rotational displacements. For example, both failures of the Dunn Memorial Bridge, Albany, NY
(NYSDOT 2005), and the Birmingham Bridge in Pittsburgh, PA (Splitstone et al. 2010) were directly
caused by excessive rotation of steel rocker bearings as a result of “locked” behavior owing to decadeslong build-up of corrosion (Figure 1). Meanwhile, there are over 58,000 highway bridges located
throughout the Central and Eastern U.S. with median ages from 35 to 40 years, approaching the end of
their design life (Padgett 2007). Considering the joint threats from seismic hazard and age-related
deterioration, the seismic performance of the aged steel highway bridges needs to be addressed. To
accomplish this, a study using analytical models is needed to describe the behavior of steel bearings
with different levels of corrosion, given the critical role these bearings play in the seismic response of
highway bridges. However, past research has been limited in considering the behavior of corroded steel
bearings. In this study, a coupled methodology involving numerical simulation and experimental testing
is presented for characterizing the cyclic behavior of corroded steel bearings and exploring their failure
modes and capacity limits (Figure 2). Two types of steel bearings including steel bolster bearing (i.e.
fixed bearing) and steel rocker bearing (i.e. expansion bearing) are studied under large cyclic loads.
Preliminary results show that these bearings have unique hysteretic responses under displacementcontrolled loading reversals and that changes in the friction coefficient lead to significant changes in the
behavior when sliding occurs. The behavior of the bolster is characterized mainly through a Coulomb
friction type behavior while the rocker bearing behavior remains mostly linear due to loading in the
longitudinal direction. Experimental testing of previously in-situ bearings will provide further
correlation between seismic loading and age related deterioration on the cyclic behavior of the bearings.

(a) Birmingham Bridge (Splitstone et al. 2010) (b) Dunn Memorial Bridge (NYSDOT 2005)
Figure 1 Toppled rocker bearing failures due to build-up of corrosion products
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(a) 3-D finite element simulation model for the steel bridge bearing
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(b) Full-scale experimental testing scheme for the steel bridge bearing
Figure 2 Couple approach to characterize the cyclic behavior of steel bridge bearings
Reference:
New York State Department of Transportation (NYSDOT), (2005), Structural Forensic Investigation
Report: BIN 109299A, Ramp AC, Dunn Memorial Bridge Interchange, Albany, NY.
Padgett, J. (2007), Seismic vulnerability assessment of retrofitted bridges using probabilistic methods,
Ph.D. Thesis, Georgia Institute of Technology, Atlanta, GA.
Splitstone, D.E., Stonecheck, S.A., Dodson, R.L., and Fuller, J.A. (2010), "Birmingham bridge
emergency repairs: Micropile foundation retrofit", Proceedings of the GeoFlorida 2010 Conference,
Florida
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STATIC AND DYNAMIC PROPERTIES OF COAL COMBUSTION PRODUCTS
Kevin Foster1, Adrian Rodriguez-Marek2, Russell Green2, Sam Lasley1, Nick Lacour3
Virginia Polytechnic Institute & State University, Blacksburg, Virginia, USA.
1
PhD Student, 2Associate Professor, 3MS Student

The United States produces more than 100 million tons of coal combustion products (CCP) annually
(Kalyoncu, 2001). In the state of Virginia alone waste production exceeds 10 million tons per year
(Daniels et al, 2010). CCP typically contain trace quantities of heavy metals, e.g. arsenic, chromium and
mercury. Environmental considerations logically require that solid coal waste be landfilled or impounded
according to the most responsible engineering and management practices; the consequences of a failure
are environmentally and politically severe as witnessed by the 2008 Kingston Fossil Plant coal fly ash
slurry spill (see e.g. Ferrar, 2009; Tucker, 2009).
CCP waste disposal facilities take various forms including ash ponds, rim ditches, dredge cells, wet
gypsum stacks and dry ash or gypsum stacks. Some of these are developed over retired ash ponds (which
presents the possibility of deep-seated slope failures). Designing these works is challenging because the
geotechnical and chemical properties of solid coal waste vary significantly with location, both across
mining regions and at different locations within the same waste facility.
Many factors influence CCP material variability. These include coal geology, mining processes, chemical
and mechanical separation processes, combustion process and temperature, and waste transport methods.
In wet-sluicing disposal methods, waste is combined with water into slurry for transport to the disposal
site, resulting in hydraulic sorting (i.e., heavier particles settle near the discharge point while fine particles
settle further downstream) (Chang, 2009). CCP include several solid phases: bottom ash (uncombusted
material collected from the incinerator floor), boiler slag (glassy fragments of rapidly-quenched molten
ash from the boiler bottom), fly ash (airborne glassy spheres retained by air pollution control measures)
and flue gas desulfurization sludge (Kalyoncu, 2001). These various materials are often combined for
disposal at the same site, but practical and economic considerations related to mining and incineration
processes dictate the relative constituents of the waste stream.
Coal waste disposal facilities, and mining waste facilities in general, have a troublingly high incidence of
geotechnical failure worldwide when compared with comparable “traditional” geotechnical structures
(e.g., highway embankments, dams). Davies (2002) provides a critical overview of the situation and cites
the inherent material variability, the generally unprofitable nature of waste facilities, and other factors as
causes of the industry’s poor track record. Static or flow liquefaction failures of saturated ash are not
uncommon in the industry, due in part to material saturation from wet sluicing practices described above.
Flow failures are costly both politically and economically, as they are often characterized by very long
runout (in some cases two to three kilometers: Dawson et al., 1998; Fourie et al., 2001).
Despite a recent surge in sustainability-driven research, including substantial efforts in the geotechnical
engineering field (e.g., Kim et al., 2005, and references therein), major gaps exist in the knowledge of the
static and dynamic properties of coal waste. This is evidenced by the common occurrence of static
liquefaction. Also, the recent Virginia earthquake (EERI-GEER, 2011) served as a reminder that
Appalachian coal country is susceptible to potential future earthquakes and that seismically induced
liquefaction of CCP needs to be considered. CCP disposal facilities are commonly analyzed for
liquefaction susceptibility using engineering procedures developed for natural soils, yet the physical and
chemical properties of ash differ dramatically from common natural soils.
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To address these systemic problems, Virginia Tech (VT) is embarking on a major initiative in cooperation
with the Tennessee Valley Authority and the Center for Geotechnical Practice and Research to quantify
the static and dynamic properties of coal ash. Our research team is developing a comprehensive
laboratory testing program, to be validated with case histories, with the intent of quantifying the
engineering behavior of CCP and developing new procedures for liquefaction-resistant design of CCP
facilities. The program builds on a related research at VT on coal ash, as well as substantial experience in
both liquefaction of soils and CEUS seismicity.
The program, now underway, consists of several testing and development phases:
1. Obtain in situ test data and disturbed and undisturbed soil (CCP) samples from selected TVA and
other CCP disposal sites;
2. Perform a comprehensive laboratory characterization testing program, including optical
microscopic and scanning electron micrograph imaging and elemental characterization via EDS
(energy-dispersive X-ray spectroscopy);
3. Perform cyclic triaxial and cyclic direct simple shear (DSS) tests to determine liquefaction
characteristics;
4. Perform resonant-column, torsional shear, and direct simple shear tests to determine small-strain
modulus, modulus degradation and damping degradation data of CCPs;
5. Develop new or modified design guidelines for static and dynamic liquefaction resistance of CCP
disposal facilities.
Chang, H.N. (2009). “The Effect of Fabric on the Behavior of Gold Tailings,” Ph.D. Dissertation,
Faculty of Engineering, Built Environment and Information Technology, University of Pretoria,
Pretoria, South Africa, 255pp.
Davies, Michael P. (2002). Tailings Impoundment Failures: Are Geotechnical Engineers Listening?
Geotechnical News. September 2002.
Dawson, R.F., N.R. Morgenstern, and A.W. Stokes (1998). “Liquefaction flowslides in Rocky Mountain
coal mine waste dumps,” Canadian Geotechnical Journal, NRC Research Press, 35(2), 328-343.
EERI (Earthquake Engineering Research Institute) (2011). “The MW 5.8 Virginia Earthquake of August
23, 2011,” December 2011, 13pp, http://www.eqclearinghouse.org/2011-08-23virginia/files/2011/12/EERI-GEER-DRC-Virginia-eq-report.pdf.
Ferrar, Rebecca (2009, January 4). Report raises question of ethics, oversight after Kingston failure.
Knoxvillebiz.com. http://www.knoxnews.com/news/2009/jan/04/report-raises-questions-of-ethics/
Fourie, A.B., G.E. Blight, and G. Papageorgiou (2001). “Static liquefaction as a possible explanation for
the Merriespruit tailings dam failure,” Canadian Geotechnical Journal, NRC Research Press, 38(4),
707-719.
Kalyoncu, R. S. (2001). “Coal combustion products,” Metals and minerals: U.S. Geological Survey
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STUDENT VIRTUAL RECONNAISSANCE
Michael Germeraad, California Polytechnic State University San Luis Obispo
Recent earthquakes, in particular the Christchurch, Japan, and Virginia earthquakes have highlighted the
internet as a means to retrieve virtual reconnaissance data. As technology continues to reach a greater
audience the files uploaded following an event have the potential to directly impact on the ground
reconnaissance missions.
Growth and diffusion of technology provides a larger data source allowing for a comprehensive
meaningful review of local data often taken during or directly after an event. Unfortunately, with
increased technology large amounts on non-critical information will be uploaded. Filtering the uploaded
data to produce concise useful information for reconnaissance teams and researchers to use is critical.
Despite the vast amount of information on the internet, humans, and specifically students have the
capability to find the best data. Students offer a means to retrieve and sift through large amounts of
internet data on a growing number of internet platforms (Facebook, YouTube, Vimeo, Picasa, local news,
etc.).
Currently EERI has the online reconnaissance clearinghouse which is a great start. Current limitations of
the site are its navigation, timeliness, and participation. Development of a student virtual reconnaissance
platform would aim to organize and simplify the data into an easy to navigate format. The EERI
community has not yet been called into action to complete a comprehensive virtual reconnaissance,
however I believe the next significant earthquake in a technology rich zone can produce a full and
meaningful virtual reconnaissance database.
The key to success in a future event is the participation of the EERI community, specifically within the
student chapters. Interest in the event may be enough motivation for students to participate, however
incentivizing the project further would yield a more thorough report. Travel with EERI reconnaissance
teams or student organized reconnaissance trips similar to UCSD’s trip to Chile in 2010
(http://ucsdchile.wordpress.com/) would provide incentive for students to become a key component to
EERI’s reconnaissance work.
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Seismic Performance of Scoured Foundation-Structure Systems: Preliminary Findings
Xuan Guo, Doctoral Student (xght8@mail.umkc.edu)
Department of Civil and Mechanical Engineering, Univ. of Missouri-Kansas City, 5100 Rockhill Rd,
Kansas City, 64110,USA
Faculty Adviser: ZhiQiang Chen, Assistant Professor (chenzhiq@umkc.edu)
Earthquakes and earthquake-triggered tsunamis are the most severe hazards that threaten lives and
properties in coastal communities. In the aftermath of the recent tsunami events occurred in the past few
years, a secondary hazard due to tsunami waves has documented by many field reconnaissance reports,
which is foundation scour that has occurred to a large number of bridges and buildings (Figure 1a and 1b).
Even though the scoured buildings and bridges do not sustain damage in superstructure in the main-shock
and the triggered tsunami, scoured foundation-structure systems may be easily damaged considering the
frequent occurrence of the ensuing aftershocks. Another type of scour type that has been recognized as a
leading cause of bridge failure is flood-induced foundation scour. The distinct feature of flood-induced
scour is that once scour is formed around a foundation, it may last its service life (Figure 1c). It is
intuitive that a potentially more sever threat is the situation that the permanent scour is combined with
other hazards, such as earthquakes. Considering thousands of scour-critical or scour-susceptible rivercrossing bridges in the nation that also lie in seismically active zones, this multi-hazard risk to the bridge
inventory cannot be underestimated.

Figure 1. (1a) tsunami-scoured bridge foundation (Francis 2006); (b) tsunami-scoured building
foundation (Boulanger 2011); (c) bathymetric point cloud for a scoured bridge pier in Missouri River
(Huizinga 2010).
Scour is the result of the erosive mechanism of flowing water that excavates and carries away material
from the surface soil in the near-field of foundation systems. Regardless of the cause of scour (tsunami or
flood), the resulting scour usually manifests a complex modification of geometric boundary in the nearfield soil of the foundation. Most of the available scour estimation methods are empirically formulated
based on laboratory tests. For flooding-induced scour in river channels, the most influential scour
equations are found in the FHWA’s Hydraulic Engineering Circular report that give conservative answers
for the design and evaluation of most bridges. For tsunami-induced scour occurred to man-made structure,
available empirical formulas predicting scour depth are more limited. This is largely due to the boundary
condition for tsunami is much different than that in a river channel. In addition, tsunami scour also has a
shorter duration of loading than that in river scour. An existing design method is reported in the FEMA’s
Coastal Construction Manual. These methods will be evaluated in this poster for a typical foundationbridge system.
For designing bridges resisting both seismic and scour hazards, the current design codes, as primarily
represented by the AASHTO’s LRFD Bridge Design Specifications, require that bridge foundations be
designed at both the service and strength limit states and be checked at the extreme-event limit states. At
the strength and service limit states, the foundations should be designed with sufficient bearing capacity
and lateral resistance assuming that the sediments within the estimated scour depth. To supplement the
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design at multi-hazard extreme states, the NCHRP Report-489 explicitly considers the joint occurrence of
scour and other extreme hazards considering that scour will be long-term presence and the probability of
co-occurrence with other hazards is not insignificant. Therefore, when earthquake loading is considered,
NCHRP Reort-489 recommends the load combination ‘.25DC+1.00EQ; 0.25SC’. This procedure
provides a principled approach to considering the joint scour and seismic hazard. However, there are no
established procedures or software tools that can accommodate a system-level dynamic scoured
foundation-structure simulation subject to seismic excitation. For designing buildings in coastal areas,
there are no explicit provisions in current design standards and codes that specify the multi-hazard
combination of scour and seismic loading.
In this poster presentation, we assert that foundation scour should be treated as more of a set of nonlinear
modifications to the dynamics of a foundation system (including the foundation’s near-field soil) besides
the apparent changes of geometric boundary conditions due to foundation scour. However, all these
modifications are far from fully understood in the engineering profession.
Herein we endeavor to explore the foundation impedance functions at linear elastic states as a preliminary
study, which include both foundation stiffness and radiation damping, for scoured shallow footings with
different geometric scouring profiles. The implicit 3D finite element solver of LS-Dyna is employed in
this research. Our numerical preliminary results show that given different scour profiles, foundation
impedance will be modified differently. Moreover, foundation impedance will be asymmetric as opposed
to originally symmetric ones of non-scoured foundation. With the obtained results, we embark on
studying the impact of scoured foundation on seismic response. A parametric soil-foundation-structure
oscillator with equivalently linear soil-foundation Winkler springs and a bilinear superstructure stiffness
model is utilized to generate the seismic response. By choosing earthquake ground motions with moderate
to strong intensities, we observe that scoured foundation may give rise to ‘beneficial’ effect by reducing
the ductility demand of the superstructure for a uniform scour profile. However, for a scour profile that
partially undermines the footings, the seismic ductility demands can be dramatically increased. We
conclude that foundation scour potentially has a complex impact to the existing impedance models in the
literature and to the dynamic response of foundation-structure systems. The findings in this preliminary
research and our ongoing research may contribute to the practice for assessing the multi-hazard risk to the
civil infrastructure system threatened by tsunami or flooding and earthquakes.
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APPLYING DISPLACEMENT-BASED METHODS IN SEISMIC DESIGN OF THE SR21-I69
BRIDGE
Ali Hajihashemi (Ph.D. Candidate, Civil Engineering Department, The University of Memphis)
Shahram Pezeshk (Professor, Civil Engineering Department, The University of Memphis)
We studied a highway bridge designed by the Tennessee Department of Transportation (TDOT) located
on State Route 21 over Interstate 69 in this research. This bridge was designed according to the
AASHTO specifications (2009). The bridge consisted of a two-span continuous 72 inches bulb-T girders,
and the length of both spans was 148 feet. The only bent frame included four 3.5 feet square columns and
the cap beam. We used the computer program SAP2000 V.14.2 (2009), which is a popular analysis
software among bridge engineers (Shattant et al. 2008). In this study, we evaluated the seismic behavior
of the bridge in the transverse direction only. The design response spectrum was obtained from the
AASHTO GM (Leyendecker et al. 2009) computer program based on the bridge location’s latitude and
longitude. The earthquake resisting system (ERS) of the bridge was Type 1 (AASHTO 2009), which
requires the expected behavior of essentially elastic superstructure and ductile substructure. This ERS
forced the nonlinear behavior to occur within the inspectable locations of the columns. Consequently, the
plastic hinges were assigned at both ends of the clear height of the columns, for nonlinear analysis
purposes.
We used the computer program SAP2000 to perform the modal analysis of the bridge structure. We
applied conversion factors, which represent the fundamental mode shape of the bridge in the desired
direction, to convert the pushover curve of the system to the capacity curve. The main part of every
nonlinear analysis is the modeling of nonlinearity. In this study, the inelastic behavior was assumed to
occur in the concentrated plastic hinge assigned at the ends of each column element. The pushover
analysis was defined such that it started after applying gravity loads to the system. It was defined as a
displacement control case, based on the transverse displacement at the control node (superstructure midpoint). The analysis was to stop when the monitored displacement reached 0.75 ft. The pushover curve
was then converted to the capacity curves using the conversion factors.
We used three different displacement-based methods to evaluate the seismic response of the SR21-I69
Bridge. The first procedure is based on the AASHTO specifications (2009), and was used by the TDOT
engineers in the actual design process of the bridge. The next two displacement-based procedures
similarly are based on the intersection of the capacity (pushover) curve and the demand diagram to
estimate the maximum seismic displacement, which is called the "performance point." They differ in
reducing the elastic (µ=1) response spectrum to the inelastic (µi) demand diagram. FEMA-440 (2005)
presents three procedures as modifications to the Capacity Spectrum Methods (CSMs) of ATC-40 (1996),
from which we chose Procedure C for this study. This approach uses the modified acceleration-response
spectrum for multiple assumed solutions (api, dpi) and the corresponding ductilities to generate a locus of
possible performance points. The actual performance point is located at the intersection of this locus and
the capacity curve (FEMA 2005). Procedure C, like the other procedures in FEMA-440, is an equivalent
linearization procedure which adjusts the initial response spectrum to the appropriate level of effective
damping, βeff. Constructing a family of demand curves for µ values of 1, 2, 3, and 4, the spectral
displacement of the performance point was determined.
We used the capacity-demand-diagram method of Chopra and Goel (1999) as the third displacementbased seismic design procedure. This procedure determines the demand by analyzing the inelastic system
instead of the equivalent linear systems in the CSMs of ATC-40. A family of constant-ductility demand
spectra is constructed by reducing the elastic design spectrum by appropriate ductility-dependant factors,
Ry. Various Ry-µ-T equations have been presented by Chopra (2007). In this study, we used the
1
222

Newmark-Hall equations. For selected values of µ = 1.0, 1.5, 1.75, 2, and 2.5, the demand curves were
plotted on the same chart as the bilinear capacity spectrum for each combination of support configuration
and hinge property. At one relevant intersection point, the ductility factor calculated from the ratio of the
displacement of the point to the yielding displacement, matches the ductility value associated with the
intersecting demand curve, which determines the performance point of the structure.
Based on this study, it can be concluded that the current AASHTO specifications (2009) displacementbased seismic design method is more conservative than the other two studied methods proposed by
Chopra and Goel (1999) and FEMA-440 (2005). Both the FEMA-440 Procedure C and the capacitydemand-diagram method showed that the SR21-I69 Bridge would perform within the Immediate
Occupancy level if subjected to the selected seismic excitation. The studied bridge was designed
following the AASHTO specifications procedure, considering the Life Safety performance criterion. The
AASHTO specifications procedure also overestimates the value of displacement ductility of the system.
Comparison of the seismic displacement demand (maximum displacement) values resulting from the
different procedures also confirms that the AASHTO specifications procedure may be conservative. This
also may reveal the deficiency of the AASHTO specifications procedure in determining the displacement
demand through a force-based approach (response spectra analysis).
Analyzing the SR21-I69 Bridge using the capacity-demand-diagram method showed higher values for
both the seismic displacement demand and the displacement capacity, compared with the results of
FEMA-440 Procedure C. The capacity-demand-diagram could be used as an alternative to the AASHTO
specifications procedure due to the more accurate concepts behind the procedure, in addition to its more
straight forward nature over the FEMA-440 procedure C.
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EARTHQUAKE OUTREACH: DESIGN OF AN EDUCATIONAL MODULE FOR K-12
STUDENTS ON PERFORMANCE-BASED DESIGN OF CRITICAL STRUCTURES
Caitlin Jacques (Graduate Research Fellow, Johns Hopkins University)
Jason Adleberg (Visiting Undergraduate Scholar, Princeton University)
Judith Mitrani-Reiser (Assistant Professor of Civil Engineering, Johns Hopkins University)
In the summer of 2011, the Sensor Technology and Infrastructure Risk Mitigation (STIRM) Laboratory at
Johns Hopkins University created and implemented a 90-minute educational module for K-12 students to
teach basic concepts of earthquake engineering and performance-based design, and to inspire interest in
STEM fields of study. The module, entitled “Shakedown: Engineering Economical and Earthquake-safe
Hospitals on the Ring of Fire,” was first held as a part of the JHU Engineering Innovation Program. In
this module, students learned about the economic and human impact of earthquakes in the US and around
the world, reviewed the basics of seismic engineering, designed and built small-scale hospital structures,
and tested these structures on a shake table.
Each team of three students received a budget to purchase building materials. When designing their
structures, teams also had to consider strict building guidelines that included patient safety and both
structural and non-structural damage limitations, as well as basic height and mass requirements. Teams
tested their initial designs on a shake table and had the opportunity to make retrofits for subsequent
testing. Based on the performance of their final structures under the Northridge earthquake, teams
received bonuses or penalties. This module especially emphasized one of the major challenges of seismic
engineering: balancing safety with economics.
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A PRACTICAL DESIGN EXAMPLE OF SEISMIC STABILITY ANALYSIS OF
LANDSLIDES STABILIZED WITH EXPANDED POLYSTYRENE (EPS)-BLOCK
GEOFOAM
Masood H. Kafash1, Graduate Research Assistant and David Arellano2, Associate Professor, The
University of Memphis, Memphis, TN
Landslides are among the most widespread geologic hazard on earth and occur in every state and U.S.
territory. Active seismic activity contributes to the landslide hazard risk in areas such as Alaska, Hawaii,
and the Pacific Coast and estimated damages related to landslides exceed $2 billion annually. Cause of
Landslides can be divided into two major categories: natural hazards and human activities. Natural causes
of landslides include increases in ground water level, changes in natural vegetation, erosion of the bottom
of the slope, earthquakes and decrease in soil or rock strength due to saturation. Human activities that
contribute to landslides include vibrations from machinery or traffic, blasting, earthwork and
construction. Slope stabilization and repair techniques can usually be classified into one of the following
categories: (1) avoid the hazard, (2) reduce the driving forces, or (3) increase the resisting forces. The use
of lightweight fill is a slope stabilization procedure that can be used to reduce the weight of the sliding
mass and, thereby, reduce the driving forces of the sliding mass.
This poster will present a design example of seismic stability analysis of slopes stabilized or repaired with
expanded polystyrene (EPS)-block geofoam for the function of lightweight fill. The design of slopes
stabilized by EPS-block geofoam considers the interaction of existing slope material, EPS-block geofoam
fill mass and pavement system, if present. Seismic design is separated into external and internal seismic
stability analysis. External seismic stability considers overall stability of the EPS-block geofoam slope
system and considers failure mechanisms that involve the existing slope material only as well as failure
mechanisms that involve both the fill mass and the existing slope material. The steps to perform external
seismic stability analyses include estimating the seismic-response acceleration at the existing ground
surface or base (subgrade level) of the EPS fill mass by conducting a site-specific assessment and
performing pseudo-static limit equilibrium stability analyses of the various external stability failure
mechanisms. The failure mechanisms that are considered for external seismic stability analysis include
slope instability, horizontal sliding of the entire EPS-block geofoam fill mass, overturning of a vertical
sided embankment, bearing capacity failure of the existing foundation earth material, and settlement of
the existing foundation material .
Design for internal seismic stability considers failure mechanisms within the EPS-block geofoam fill
mass only. The primary steps to perform internal seismic stability analyses are (1) estimating the seismicresponse acceleration at the existing ground surface or base (subgrade level) of the EPS fills mass by
performing a site-specific assessment, (2) estimating the seismic-response acceleration at the top of the
EPS fill mass, (3) performing pseudo-static limit equilibrium stability analyses of the various failure
mechanisms. The failure mechanisms that are considered for internal seismic stability analysis include
horizontal sliding between layers of blocks and/or between the pavement system and the upper layer of
blocks and load bearing failure of the EPS blocks are the internal failure mechanisms.
This poster will provide a practical example of the overall seismic design of slopes stabilized by EPSblock geofoam which was presented as a poster session during the EERI 2011 annual meeting in LaJolla,
CA.
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THE STUDY OF EVACUATION TIME AND PATTERNS AFTER AN EARTHQUAKE USING
AGENT-BASED MODELING
Zhang Liu, graduate student of Civil Engineering Department of Johns Hopkins University
Stefan Szyniszewski, post-doctoral researcher of Civil Engineering Department of Johns Hopkins
University
Caitlin Jacques, graduate student of Civil Engineering Department of Johns Hopkins University
Mehdi Jalalpour, graduate student of Civil Engineering Department of Johns Hopkins University
Judith Mitrani-Reiser, assistant professor of Civil Engineering Department of Johns Hopkins University
James Guest, assistant professor of Civil Engineering Department of Johns Hopkins University
Ben Schafer, professor of Civil Engineering Department of Johns Hopkins University
Takeru Igusa, professor of Civil Engineering Department of Johns Hopkins University
Studying evacuation time and patterns is an important issue to arrange rescue resources and reduce the
loss of human lives after a strong earthquake. However this kind of data is seldom recorded during
historical earthquakes. Furthermore, it is difficult to use traditional methods to model this behavior
because people who are escaping from a building form a complex adaptive system. Fortunately along
with the advent of computer science many new approaches are emerging. And among them agent-based
modeling is extremely useful to explore complex adaptive systems. Therefore, in this paper we use this
method to study the interaction of humans with a damaged built environment, and estimate the average
evacuation time and patterns of evacuation after a strong shaking event. As an example we simulate the
evacuation event for a 3-story commercial building, whose damage is simulated using structural analysis
and fragility functions. Then the occupants’ injury is estimated based on the damage state of the building.
To investigate the patterns of the evacuation event we run the model for different number of occupants
ranging from dozens to more than one thousand. We also compare the average evacuation time between
the damaged building and the undamaged building to study the factors which will delay occupants’
evacuation.
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Adapting Mobile Sensors for Structural Health Monitoring:
Investigating signal accuracy of automated mobile sensors on surfaces with varying
friction coefficients.
Bryce A. Lloyd
Masters Student of Structural Engineering
University of California, Davis

ABSTRACT
As modern civilization continues to advance, the demands placed on civil structures have become
increasingly great in both scale and complexity. A promising method to improve the performance,
resiliency, and longevity of these structures is to incorporate sensor systems onto the structure that
monitor its integrity and activity during its lifetime. With the advent of wireless communication systems
and onboard signal processing, sensors can be mounted essentially anywhere on a structure without a
physical tether. The next evolution of structural monitoring sensors is to move from static wireless
systems to mobile ones to further reduce the cost and number of sensors needed to effectively evaluate
a structure. Several unique innovations in magnetics and micro-adhesives have led to the design of
mobile robots that can transfer sensors to different parts of a structure. Sensors that are not
permanently fixed to the structure can develop errors in signal analysis due to poor adhesion or slip. To
evaluate the parameters that can affect this type of error, several sinusoidal and time history ground
motions were tested against varying surface coefficients and friction force amplitudes between
structure and sensor. Error associated with stick-slip friction was compared against 1-dimensional stickslip friction models to determine the amount of error is associated with each parameter of adhesion.
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IMPACT MPDEL CONSIDERING SURFACE COMPLIANCE FOR
SIMULATION OF BASE ISOLATED BUILDINGS IMPACTING MOAT
WALL
Armin Masroor
Graduate Research Assistant, Dept. of Civil Engineering, University at Buffalo, Buffalo, NY 14260

Gilberto Mosqueda
Associate Professor, Dept. of Civil Engineering, University at Buffalo, Buffalo, NY 14260

Base isolated buildings subjected to extreme earthquakes can exceed their design displacements and
impact against the surrounding moat wall. To better understand the consequences of impact on the
superstructure, an impact element considering moat wall compliance is proposed based on impact theory
and observations during experimental simulations of a base isolation building impacting against various
moat wall configurations. It is demonstrated that numerical simulations using the proposed impact
element can capture the dominant characteristics of the contact force observed in experiments for both
concrete walls with soil backfill and rigid steel walls. The contact force is dependent on impact velocity,
geometry and material properties at the contact surface, as well as the global dynamic flexibility
characteristic of the moat wall. Properties of the moat wall impact element are derived here based on
mechanics-based models considering material properties and geometric measurements of the
experimental setup. For this purpose, the moat wall is modeled as a flexural column with a concentrated
hinge at its base with soil backfill considered through a damped elastic foundation (Figure 1).

Figure 1. Schematic side view of a moat wall and representing beam.
The test model is extracted from a prototype frame of case study buildings designed for a high seismic
zone by professional engineers. The prototype isolated superstructure is a rectangular three-story steel
Intermediate Moment Resisting Frame (IMRF); the test specimen represents a single bay of an internal
moment frame in the prototype structure. The prototype frame was reduced to a quarter-scale model
according to similitude (Figure 2). Further constraints were imposed in properly scaling the strength and
stiffness of the frame relative to the bearings properties so that realistic yielding mechanisms can be
obtained. The scaled frequency of the fixed-based and isolated frame with the provided mass was also
considered. A moat wall was modeled as a concrete wall with soil backfill. The moat wall gap was set to
various displacement increments in proportion to the ASCE-7 MCE design displacements to examine the
sensitivity of this parameter and also to assess the effects of impact on the superstructure at different
velocities. The impact tests also investigated the effects of using rubber and other materials at the impact
interface.
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Figure 2. Shake table test setup for moat wall impact testing.
Simulation of impact forces in structural analysis should consider the two phases of impact to capture
both the effects of local deformation at the impact point and the vibration aspect of the colliding objects.
Famous Hertz damped model captures forces during the first phase of impact, which includes the local
deformation of two objects and assumes that the force is a function of material properties and initial
velocity. The second phase occurs after the first initial impact, sometimes followed by a quick separation,
during which the two bodies stay in contact and push or generate forces against each other. The force in
this second phase is primarily influenced by the dynamic properties of the moat wall including mass,
stiffness and damping.
Figure 3 compares the experimental and numerical simulation results for the west wall impact force under
Erzincan NS record. The local deformation and global vibration response phases are clearly shown in this
figure. The first peak in the impact force is mainly due to local deformation of two bodies at the contact
point, followed by a longer duration contact force and larger displacement mainly influenced by the
dynamic properties of the wall as well as the applied ground motion.

(a)

(b)
Figure 3. Impact force for 10 cm concrete wall installed at 15 cm gap distance: (a) Impact force
versus contact time, (b) Impact force versus base level displacement beyond the gap distance.

The main objective of this study is to propose a new impact element that can simulate contact force
during impact of base isolated structure to a moat wall. The proposed impact element is able to capture
both local deformation and vibration response of the moat wall. The resulting impact element is shown to
capture both local deformation and the vibration aspects of impact as well as the effects of impact on
superstructure response.
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INCREASING EARTHQUAKE RESILIENCY IN DEVELOPING COUNTRIES THROUGH
INVOLVEMENT OF THE EARTHQUAKE ENGINEERING COMMUNITY
Chiara H. McKenney
M.S. Candidate, Civil Engineering, University of California, Davis
Poster Abstract
While the earthquake engineering field continues to advance remarkably, basic knowledge of earthquake
resistant construction has still not been disseminated to many of the regions of the world with the highest
earthquake risk. Urbanization has increased vulnerability in earthquake-prone developing countries, and
the spread of earthquake resistant construction methods is far from catching up. As the cutting edge of the
earthquake engineering field advances, it is also crucial that earthquake professionals are working to
distribute the knowledge that is already available, and that they are applying research to find economical
engineering solutions for these important and complex problems. Greater involvement of the earthquake
engineering community in this monumental undertaking has the potential to greatly reduce the
vulnerability of developing countries.
My poster highlights current efforts to disseminate earthquake safety knowledge in high risk developing
countries and outlines methods for moving forward. The three sections are: 1. EERI's involvement in
efforts to improve construction practices in seismically-prone areas of the world through the World
Housing Encyclopedia, 2. The best practices of organizations working currently on these issues, 3. A
vision for future action and involvement of the international community of earthquake professionals to
decrease earthquake risk worldwide.
Through the World Housing Encyclopedia, EERI has been involved in promoting earthquake resistant
technologies in developing countries. In late 2011, the website was relaunched in a more user-friendly
format, and many new tutorials have already been completed or are in the works. The site is steadily
becoming a dynamic, centralized hub of information and valuable documents, including: construction
type overviews, summary reports for over 100 housing types, and construction tutorials in confined
masonry, adobe, stone masonry, and reinforced concrete frame.
It is also vital to give recognition to the organizations and individuals that are working in this challenging
field. The second section of my poster highlights examples of innovative programs and technologies that
are working towards achieving earthquake resiliency in vulnerable countries.
Stepping up to stop the trend of increasing global earthquake risk is imperative. The third part of my
poster outlines the many opportunities for the involvement of earthquake engineering professionals to
help decrease risk worldwide. The vision is broad, and thus there are a wide variety of ways to contribute.
One way is through the pursuit of research seeking innovative and economical solutions for vulnerable
construction methods, such as adobe and unreinforced masonry. Another avenue is aiding in the growth of
the World Housing Encyclopedia as a global hub for information and collaboration for passionate
professionals and organizations. Yet another is through the creation of opportunities to get young
professionals from across the world involved in solving these important, challenging, and interesting
problems.
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Case Study of AASHTO –LRFD Seismic Provision Changes on Substructure Demands for
a Composite Deck Bridge in North Mississippi
Nitin Pangavane, Graduate Assistant
Chris Mullen, Associate Professor
The University of Mississippi, Department of Civil Engineering, 106 Carrier Hall,
University, MS 38677 USA
(Email: nitin.pangavane@gmail.com; cvchris@olemiss.edu)

Abstract

In 2008, the Federal Highway Administration made it mandatory for state departments of transportation
to use the AASHTO (American Association of State Highway and Transportation Officials) LRFD (Load
and Resistance Factor Design) highway bridge design specification in order to be eligible for federal
funds for infrastructure projects. The 2008 AASHTO LRFD bridge specification contained significant
changes in the seismic provisions including increased ground motion intensity with spectral based maps
replacing peak ground acceleration maps. A case study is presented of an interstate highway bridge
located in north Mississippi of the potential effect of such changes on the design shear forces transmitted
by the composite deck superstructure to the substructure elements.
The study provides a systematic attempt to explore the influence of various AASHTO-LRFD
specifications from 1994 to 2007 revised (2008) on the process of seismic analysis and calculating
earthquake load on the composite deck bridges. To understand the impact of the different AASHTO
specifications on the seismic analysis procedure, an existing bridge has been selected that was designed
prior to the introduction of LRFD specification. This bridge site is located within the influence of the New
Madrid fault at a distance of 44 miles from the southern tip of New Madrid fault and expected to be
potentially susceptible to the earthquake hazard.
Data obtained from Mississippi Department of Transportation (MDOT) is used to develop a three
dimensional (3-D) model of the bridge using commercial software developed specifically for seismic
analysis. AASHTO recommends performing response spectrum analysis using complete quadratic
combination, so the model is used to perform the required analysis including generation of the earthquake
loads. Model analysis results are validated against output from a matrix analysis program created by the
first author for first mode response.
Important observations are that the procedure for defining the response spectrum recommended by the
2008 AASHTO-LRFD specifications is very different from that in the previous AASHTO Standard (nonLRFD) specification. Peak ground acceleration (PGA) estimated at the case study site using the 2008
AASHTO LRFD specification is almost hundred percent more than that estimated using the previous
AASHTO Standard specification.
The analysis concludes that the earthquake bearing shear forces would increase by 34% if the existing
bridge were designed using the newer LRFD provisions. The increased forces could potentially have a
significant impact on the expected performance of structures designed to the older specifications.
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IMPROVED INVERSION OF SURFACE WAVES; COMPARISON OF SYNTHETIC
SEISMOGRAMS WITH OBSERVED SEISMOGRAMS IN THE FIELD, AND CONSIDERING
HIGHER MODES OF PROPAGATION

Shahram Pezeshk, Professor, spezeshk@memphis.edu
S. Mehrdad Hosseini, Ph.D. Candidate, shsseini@memphis.edu
Department of Civil Engineering, The University of Memphis, Memphis, TN 38152
Inversion algorithms for surface waves are based on minimizing the error between experimental and
theoretical dispersion curves. The velocity profile associated with the dispersion curve with minimum
error is considered representative of the real condition in situ. Regarding the two potential problems
associated with inversion methods, namely non-uniqueness and instability, it is probable that the result of
the inversion process is far from reality. There are limited methods by which we can suspect a profile to
be different from expected results, such as prior knowledge about soil conditions. In general, all methods
use additional information along with analogy between dispersion curves. It is quite intuitive that
imposing boundaries on shear-wave velocity of soil layers or on the difference of shear-wave velocity
between two consecutive layers can help partially overcome the two problems mentioned above. By
avoiding the unrealistic velocity profiles that are involved in the inversion process, there will be
numerical improvements.
On the other hand, it has been shown that consideration of higher modes of propagation improves the
reliability of inverted velocity profiles at a level different than imposing numerical boundaries. Using a
genetic algorithm scheme as the engine for the inversion process, we bring more information in, along
with a multi-modal comparison of dispersion curves and numerical boundaries. The idea is to compare the
synthetic seismogram from velocity profiles in each generation with the seismogram recorded onsite. This
comparison will be used to eliminate a percentage of profiles in each generation that have a high
difference between their synthetic and recorded seismograms. Seismogram comparison can be established
based on the arrival time or the amplitude of first arrival, in which the former is more sensitive to the
velocity of soil profile layers and the later parameter is probably more sensitive to attenuation properties
of the soil layers. Two sets of synthetic data are analyzed using this method, and results are discussed to
illuminate the potential strength or weakness of the proposed technique.
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ABSTRACT
It has been proven that soil-foundation-structure interaction is beneficial to the behavior of structural
systems under earthquake loading. This poster presents the results of three-dimensional nonlinear seismic
soil-foundation-structure interaction analyses of integral abutment bridges with deep foundations. The
analyses are performed using nonlinear finite element models in the computer program ANSYS. Integral
abutment bridges are structures where the superstructure (deck and girders) and substructure (abutment)
move together to accommodate the required translation and rotation. Integral abutment bridges are more
economical than other bridges over their life span due to lower construction cost and easier maintenance.
Both fully integral abutment bridges and semi-integral abutment bridges will be investigated. In the
United States, there are more than 9000 fully integral abutment bridges and 4000 semi-integral abutment
bridges. A fully integral abutment bridge is a structure where the superstructure is directly connected to
the substructure. A semi-integral abutment is a structure where only the backwall portion of the
substructure is directly connected with the superstructure. The most common type of deep foundations
used in bridge abutments are HP driven piles because of their constructability, versatility with regard to
subsoil conditions, and settlement controllability. During an earthquake the soil’s stiffness plays an
important role in load distribution when the soil, piles, abutment and superstructure act as a combined
system to resist the seismic loads. Due to the lack of knowledge on soil-structure interaction under
earthquake loading, the real world design procedures are kept simple and conservative. While some
researchers have investigated the soil-foundation-structure interaction in the bridge longitudinal direction
using different approaches, the interaction mechanism in the bridge transverse direction is still unknown.
There are more uncertainties in the bridge transverse direction because of the unconfined embankment
where the mobilization of the soil’s passive pressure is questionable. In this poster, the dynamic soilfoundation-structure interaction mechanisms of bridges in both longitudinal and transverse directions will
be investigated through the use of 3-D finite element models. The effect of HP pile orientation on the
bridge seismic behavior will also be investigated. The numerical models will realistically simulate the
soil-pile-abutment-wingwall-superstructure system subjected to seismic loads. Nonlinear Winkler springs
will be employed to model the non-elastic backfill soil behavior, where the stiffness of springs is a
function of the displacement or the rotation of the abutment wall. The analyses will provide theoretical
support to the design practice.
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PREDICTING THE DYNAMIC BEHAVIOR OF MINE TAILINGS USING
STATE-OF-PRACTICE GEOTECHNICAL FIELD METHODS
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The proposed research is concentrated on developing a method to predict the dynamic behavior of mine
tailings dams under earthquake loading. Tailings dams are a by-product of coal mining and processing
activities. Mine tailings dams are prone to instability and failure under seismic loading as a result of the
behavior of the tailings. Due to the existence of potential seismic sources in close proximity to the coal
mining regions in the United States, it is necessary to assess the post-earthquake stability of these tailings
dams.
To develop the aforementioned methodology, 34 cyclic triaxial tests were carried out on undisturbed mine
tailings specimens from two sites in Kentucky. Also, vane shear tests were performed on all of these
samples following the triaxial tests. Therefore, the liquefaction resistance and the residual shear strength
of the specimens were measured.
In Figure 1, the laboratory cyclic strength curves for the coal mine specimens are presented. In this figure
the relationship between density, cyclic stress ratio, and number of cycles to liquefaction is demonstrated.
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Figure 1: Cyclic stress ratio (CSR) required to produce
liquefaction in isotropically consolidated coal mine tailings

Since the samples were tested using the cyclic triaxial procedure, the cyclic stress ratio (CSR) is
calculated based on the initial effective confining pressure and the cyclic stress amplitude [i.e.,
ᇱ
ሺܴܵܥሻ௧௫ = ߪௗ /2ߪଷ
]. The samples from the Big Branch impoundment were generally loose samples
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with void ratios values ranging from 0.45 to 0.81 and averaging about 0.63. The Abner Fork specimens
were dense samples with the void ratio ranging from 0.44 to 0.52 and averaging approximately 0.50.
Also, the Abner Fork specimens were older and slightly cemented. The data suggest that the number of
loading cycles required to initiate liquefaction in mine tailings, NL, decreases with increasing CSR and
with decreasing density. This trend is similar to what is typically observed in soil.
On a number of selected specimens, a series of small-strain cyclic triaxial tests were performed.
Consequently, for these specimens shear modulus was measured and modulus reduction curves were
created. The variation of shear modulus over the range of different cyclic shear strains is presented in
Figure 2. This set of data in conjunction with the maximum shear modulus recorded in the field, Gmax, will
be used to find the linear cyclic threshold shear strain, ߛ௧ , for mine tailings. As can be seen, the Abner
Fork specimens have a different trend than the Big Branch specimen. This may be attributed to the higher
density, age, or cementation of the Abner Fork samples.
25000

Shear modulus, G (psi)

Big branch, e=0.60, gamma=98.3 pcf
Abner Toe, e=0.59, gamma=94.2 pcf

20000

Abner Crest, e=0.44, gamma=97.4 pcf

15000
10000
5000
0
0.001

0.01
0.1
Cyclic shear strain, γc (%)

1

Figure 2: Modulus reduction curves for mines tailings

The data obtained during the laboratory experiments will be correlated to existing geotechnical field data
from the two sites. These field methods include SPT blow count (N), CPT cone tip resistance (qc), and
shear wave velocity (vs), to estimate cyclic resistance ratio (CRR). Ultimately, practitioners will be able
to use these correlations along with common state-of-practice geotechnical field methods to predict cyclic
resistance in fine tailings to assess the liquefaction potential and post-earthquake stability of the
impoundment structures.

KEYWORDS: mine tailings, liquefaction, cyclic stress ratio, modulus reduction curves
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Despite the existence of an ensemble of earthquake records, the generation of artificial earthquake
accelerograms has been a promising solution in the lack of appropriate time histories at a given site to be
used in the time history analysis. Selection of an appropriate method from several seismological and
engineering approaches has been a challenging subject for engineers. To avoid the complexity of the
modeling of the faults (for low-frequency part of traces), various building and bridge specifications
suggest applying the spectrum-compatible accelerograms for the purpose of the seismic analysis and
design of structures in a broadband frequency range. In this study, we propose the following two new
proposed engineering procedures, and statistically appraise them: (1) the hybrid evolutionary neural
network method which uses the genetic algorithm, the neural network, the wavelet packet transform, and
the principal component analysis; (2) the evolutionary neural network method, which is simpler and the
more accurate procedure compared to the hybrid evolutionary-neural network method, and utilizes the
wavelet transform and the genetic algorithm. The three main functions of the spectrum compatibility, the
stochastic diversity of generated traces, and the computational efforts have been considered in the
evaluation of various procedures to illustrate their strengths and weaknesses.
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LIQUEFACTION POTENTIAL MAPPING OF THE CHARLESTON QUADRAGLE,
SOUTH CAROLINA
Lawrence A. Simonson1, Ronald D. Andrus2, and Tahereh Heidari3
ABSTRACT
Charleston, South Carolina was the location of a magnitude 7 earthquake on August 31, 1886. This was
the most damaging historic earthquake to occur in the southeast United States, causing 124 deaths and
approximately $460 million (2006 dollars) in damage. A prominent source of damage was ground failure
from liquefaction of loose, saturated soils that are common in the Charleston area.
This poster presentation outlines the methodology being used to develop a liquefaction potential map of
the Charleston 7.5-minute quadrangle. All calculations are being done using an ArcGIS software
package. This software allows the user to perform raster calculations and view the relationships between
various layers. ArcGIS layers used in the calculations include: (1) a digital surficial geology map of the
Charleston quadrangle by Weems et al. (2011); (2) a composite depth to top of the Tertiary-age Cooper
Marl map created from Weems and Lemon (1993), Fairbanks et al. (2008), and topographic information
from the South Carolina Department of Natural Resources GIS Data Clearinghouse; (3) an average shear
wave velocity in the top 30 m (VS30) map created from the surface geology map, the depth to top of Marl
map, the shear wave velocity statistics published in Andrus et al. (2006), and available shear wave
velocity profiles; (4) a soft-rock peak ground surface acceleration map for a 475-year return period
created from values obtained from the U.S. Geological Survey Earthquake Hazards Program website; and
(5) a site-adjusted peak ground surface acceleration (amax) map created from the soft-rock acceleration
map, the VS30 map, and site factors based on VS30 published in Aboye et al. (2011).
Liquefaction potential curves from Heidari (2011) are used to characterize areas covered by the 100,000year-old Wando Formation, the younger Silver Bluff beach sands, and the artificial fills. Liquefaction
potential is expressed in terms of the liquefaction potential index (LPI) as defined by Iwasaki et al.
(1978). An LPI value of 5 is assumed as the threshold for liquefaction induced ground failure. The
liquefaction potential curves for LPI > 5 are combined with the surficial geology map, the top of Marl
Map, and the amax map to calculate liquefaction potential. A groundwater table depth of 2 m is assumed
for areas covered by the Wando Formation and 1 m for all areas covered by younger materials.
The preliminary liquefaction potential map is divided into regions of 0-20%, 21-40%, 41-60, 61-80%, and
81%-100% probability of LPI > 5. The preliminary map agrees well with previous liquefaction potential
maps developed by Hayati and Andrus (2008) for the Charleston Peninsula and Heidari and Andrus
(2010) for the town of Mount Pleasant based on the 1886 Charleston earthquake. Liquefaction potential
maps can be used for regional earthquake hazard planning and mitigation studies, and for identifying
areas where specific investigations for liquefaction hazard are needed.
This research is being supported by the National Science Foundation (NSF) under Grant No. NSF1011478. The views and conclusions contained in this document are those of the writers and should not
be interpreted as necessarily representing the official policies, either expressed or implied, of NSF.
1

Graduate Fellow, Glenn Dept. of Civil Engineering, Clemson University, Clemson, SC 29634
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2
Professor, Glenn Dept. of Civil Engineering, Clemson University, Clemson, SC 29634.
3
Geotechnical Engineer, MWH Americas Inc., Portland, OR, 97239; formerly, Graduate Research
Assistant, Glenn Dept. of Civil Engineering, Clemson University, Clemson, SC 29634.
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LATERAL STIFFNESS OF PILES IN SLOPING GROUND UNDER BRIDGE ABUTMENTS BY
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Abstract: Highway bridges by their nature are susceptible to earthquake damage and are often founded
on poor soils at river and harbor crossings. Recent damage to highway bridges has confirmed their
vulnerability and increased awareness of the importance of soil-pile-abutment interaction in their seismic
response. During an earthquake, longitudinal inertia loads push the abutment and pile foundations against
the backfill (level ground) at one end of a bridge and pull the abutment away from the back fill at the
other. The stiffness of the foundation is markedly different in these two cases, not only because the back
fill is engaged in one case and not the other, but because the ground beneath the end span adjacent to the
abutment, is generally sloping ground (Figure 1) and the piles have a reduced stiffness when being pulled
in the direction of the slope. Slope angles of the order of 450 are possible.

Whereas there is a great deal of information in the literature about the lateral stiffness of piles in level
ground there is very little data on their stiffness in sloping ground. A common approach for modeling
piles in level ground is to represent the complexity of the soil profile, the type and arrangement of piles,
and nonlinear soil behavior by equivalent, lateral, pile-head springs with stiffness coefficients given by
charts. These coefficients have been calibrated against rigorous numerical modeling and field
observations. But there does not appear to be similar data for piles in sloping ground.

This paper describes a systematic analysis of laterally loaded single long piles located at the crest of
slopes with increasing gradients using Deep Foundation System Analysis Program (DFSAP) based on
the strain wedge model. Reduction factors for lateral stiffness were found for increasing angles of slope
and various eccentricities of the lateral load above the ground surface. They were also found for typical
sand and clay profiles. These factors were normalized against results for the same pile and eccentricity in
level ground. Alternatively, as shown in Figure 2, equivalent eccentrically loaded piles in level ground are
found that have the same stiffness as those in sloping ground, thus enabling existing design charts to be
used for piles in sloping ground.
1
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The results show that the lateral response of a pile foundation is different under a pushing load (towards
level ground) than under a pulling load (away from level ground and towards the slope). Reductions in
stiffness up to 58% are reported. Reductions of this magnitude should be included when using equivalent
springs to model soil-abutment-bridge interaction to represent foundation effects. Such models are clearly
nonlinear and iterative solutions may be necessary if equivalent linear methods are being used for analysis.

Figure 1. Three-span bridge with sloping ground at pile-supported abutments.
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Figure 2. Equivalent analytical model of laterally loaded pile in sloping ground to level ground.
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Relationships Between Earthquakes and Mapped Faults

D. Weiser1
1University of California, Los Angeles; Los Angeles, USA;

Can one use an existing fault map to accurately determine maximum magnitude for
earthquakes in a region? It is generally assumed that fault traces constrain the
location, orientation, and size of future earthquakes. Yet many earthquakes, like the
M7.3, 1992 Landers, CA and M7.9, 1999 Denali, AK earthquakes, rupture beyond
previously mapped traces or are transferred onto a splay fault. Other events, like the
M6.7, 1994 Northridge, CA, the M7.0 2010 Darfield, New Zealand, and M6.3 2011
Christchurch, New Zealand earthquakes, serve as additional evidence that large
earthquakes can and do occur where no fault had been identified. This is important
because regressions between magnitude and rupture dimensions are based on postearthquake maps of the surface rupture and instrumental data. These regressions
are then employed to estimate magnitude of future earthquakes, using existing fault
maps. Since future magnitude estimates are based on the possible extent of a
rupture, and are typically guided by the geometry of the fault trace or historical
ruptures rather than the rupture trace, it is valuable to examine the relationship
between mapped faults and earthquakes. My study examines the relationship
between earthquakes and pre-existing fault maps, extends Wesnousky’s recent fault
compilation [2006], and expands Black’s [2008] fault-jumping probability models. I
also include additional earthquakes for which surface rupture maps have recently
been published.
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CHARACTERIZATION OF POLYMER LINED DUCTILE IRON PIPES SUBJECT TO SEISMIC
INDUCED GROUND DEFORMATIONS
Brad P. Wham
Graduate Research Assistant
Cornell University, EERI Cornell Student Chapter
This document outlines experimental and analytical research initiatives and results concerning
underground pipelines currently being conducted in correlation with the Network for Earthquake
Engineering Simulation (NEES) facility at Cornell University. Of the 1.3 million km of water
distribution systems throughout the United States, approximately 60% are comprised of cast iron pipe
with an average age exceeding 90 years. There is a dire need to repair and rehabilitate these systems
while making them less susceptible to earthquake induced ground deformations. To avoid the
complications of expensive excavation and replacement of these vital systems, the introduction of pipe
lining technology has presented an effective means of repairing such infrastructure in situ. Preliminary
testing has shown that polymer liner technologies provide a valuable repair technique to repair cracked or
broken pipelines. However, little experimental testing has been conducted which quantifies the additional
resistance liners provide pipelines against ground deformations such as those experienced during seismic
events. Researchers from Cornell University, University of Buffalo, and California State University- Los
Angeles have teamed up with Los Angeles Department of Water and Power (LADWP) and corporate
sponsors to collaborate on a National Science Foundation funded research initiative addressing the
seismic performance of underground pipelines equip with polymer liners.
Standard ductile iron pipes of 15.2 cm (6 in.) nominal diameter were chosen to represent cast iron
pipelines. The ductile iron material provides a deformable medium that will not produce dangerous,
brittle fractures during testing. In order to fully characterize the lined pipe composite, individual testing
of the ductile iron pipe was necessary. A series of experiments were developed to characterize the bell
and spigot push-on joints which join two segments of pipe. Leakage of internally pressurized water was
used to develop a failure criterion for the joints. Combinations of axial displacement and rotation of the
joint were identified as the mechanisms which lead to joint leakage and potential system failure. Two
segments of pipe were joined and subject to a four-point bending test with the joint located at the center
of the test setup. The pipe was pressurized at approximately 350 kPa (50 psi) of internal pressure, a
prescribed axial displacement was presented at the joint, and the joint was rotated until a leakage rate
greater than 1 drop per second was achieved. Specimens were tested at various initial axial displacements
to develop correlations between axial displacement, rotation, and applied moment.
This procedure provides valuable results concerning the behavior of ductile iron, push-on joints. At
initial displacements greater than 5.1 cm (2 in.) leakage was achieved at rotations less than 1 degree with
no applied force besides the pressurized pipe’s self weight. As the spigot is inserted into the bell, greater
rotations and additional force were required. At 3.5 cm (1.4 in.) of initial displacement the rotations
necessary to cause leakage were constant at approximately 16 degrees until an axial displacement of 1.5
cm (0.6 in.). Beyond this point metal binding within the joint was present and the applied force and
rotation increased dramatically. At an initial axial displacement of 0.63 cm (0.25 in.), rotation reached 27
degrees under a moment of 2650 kN-cm (235 kip-in). At these significant values plastic deformations of
both the bell and spigot were recorded yet leakage did not occur. These results document drastic changes
in joint behavior based on axial displacements imposed by deformations which can be experienced during
seismic events.
The results of these experiments are currently being used to design and implement full-scale, permanent
ground rupture experiments on lined and unlined ductile iron pipe specimens. The NEES facility at
Cornell University includes a 100 metric ton capacity soil basin with a 50 degree fault located at its
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center. One box can displace approximately 1.2 m (48 in.) the respect to the other producing soil
displacements similar to those experienced along a fault during an earthquake. Unlined tests consisting of
three pipe segments (two joints) have been preformed to characterize the pipe’s behavior without liner.
Experiments on lined specimens with the same configuration will be conducted in the near future and
results are expected to be available in March of 2012.
In addition to experimental testing, analytical finite element models have been created to replicate each
large scale experiment. A three-dimensional joint rotation model will be prepared and validated with
strain gage data gathered from forced joint rotation tests. Preliminary fault rupture models have been
built to assist in the design of full scale tests. Additional detail will be added to the models as data
becomes available, constantly moving toward the goal of producing a complete three-dimensional model
of the fault rupture experiment. Once validated, this model has the potential to drastically enhance our
understanding and ability to predict the behavior of lined and unlined pipeline systems subject to
earthquake induced ground deformations.
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Abstract
Although earthquake reconnaissance reports have shown that live load is present during
earthquake events, design procedures for earthquake-resistant bridges in most countries do not require the
simultaneous presence of live load and earthquake load to be considered. This decision is based on two
major assumptions. First, it is unlikely that the full design live load will be on the bridge at the time of the
design earthquake, and second, the seismic response of a bridge is dominated by its dead load and live
load inertial effects are negligible by comparison. However, for bridges in urban areas where congestion
is a frequent occurrence, some fraction of the design live load (usually taken as 50%) is now
recommended to be included with the dead load when computing gravity load effects, according the
current AASHTO Design Specifications. But this recommendation applies only to gravity load effects and
not to inertial effects.
The omission of inertial effects in design is the result of a prevailing attitude that the suspension
system of a heavy vehicle acts as a tuned mass damper and reduces the motion in the bridge. It is
therefore believed to be conservative to ignore these effects. But in fact little is understood about the
dynamic interaction between heavy vehicles and bridge systems during strong shaking and there is no
hard evidence that the tuned mass damper model is universally applicable. It is equally possible that the
added weight increases the inertial loads in the bridge and the corresponding displacements and forces.
Currently, very little research has been conducted to resolve the live load issue. Previous work
has shown that live load can either have a beneficial or an adverse effect on the structure during
earthquake shaking. However, there are still uncertainties about the reason why this is so and there has
been no large-scale experimental work to investigate the effects of live load on the seismic response of
bridges prior to this experiment.
For this experiment, the prototype bridge was designed for a rock site in AASHTO’s Seismic
Zone 3, with a 1,000-year spectral acceleration at 1.0 sec (S1) of 0.4 g. Under this Design Earthquake
(DE), the bridge is expected to be damaged but not collapse. The record selected as the input motion for
the experimental studies was the Sylmar record from the 1994 Northridge Earthquake near Los Angeles,
scaled to have the same spectral acceleration at 1.0 sec. A scale factor of 0.475 was therefore applied to
both the North-South and East-West time histories of ground acceleration from this station.
A three-span, curved bridge model was tested on the NEES Shake Table Array in the Large-Scale
Structures Laboratory at University of Nevada, Reno. This 0.4-scale model has a steel plate girder
superstructure, single-column reinforced concrete substructures, and seat-type abutments. The bridge
model has a total length of 145 ft, a total width of 12 ft, and subtended angle of 104°. Each bent has a
single circular column. The column height is 7 ft - 8 in with a diameter of 24 in. The superstructure is a
three-span, three-girder steel bridge with concrete deck. The superstructure is supported by fixed
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(rotation-only) pot bearings at the bent locations and sliding bearings at the abutments. Moreover, shear
keys are provided at the abutments to restrain movement in the radial direction during small amplitude
earthquakes, but are designed to fail at higher events to protect the abutment foundations against damage.
The closest possible vehicle to match the modeling requirements was found to be the Ford F-250 and six
of these vehicles were placed on the bridge deck as the live load for the bridge. The test protocol followed
for this experiment started with 10% of the DE and then the motion was increased in successive
increments to 20%, 50%, 75%, 100%, 150%, 200%, 250%, 300%, and 350% of the DE. Before each run,
a series of white noise excitations were run to characterize the system’s dynamic properties.
The experimental results from this experiment were compared with the results from the
experiment without live load. One of the parameters to quantify the effect of live load is the displacement
of the columns. From the results and compared to the case without live load, the maximum displacement
is less when live load is present. It is also important to note that during the no-live load case, the shear
keys at the abutment failed during the 75% DE run, whereas it took a stronger ground motion (100% DE)
to fail these keys when live load was present, i.e. the live load reduced the forces in the shear keys at the
same level of excitation. This observation shows that at these levels of shaking, the existence of live load
caused less demand in the column and reduced the radial shear forces at the abutments. The damage in the
column was also found to be minor and not as severe as for the no-live load case. On the other hand,
observations from the higher amplitude runs, after the shear keys at the abutments had failed, show
maximum displacements that are almost the same in the two cases. At these levels of shaking (and after
the keys had failed), the live load exercises the columns to a similar extent and the maximum
displacements at the top of the columns became closer to the no-live load case. Furthermore, residual
displacements in the columns for the live load case are about double of those without live load. These
larger residual displacements indicate greater distress to the columns due to the presence of the live load.
From the experimental results with and without live load, some preliminary conclusions can be
drawn. In lower amplitude motions, when the shear keys were still intact, live load gave an apparent
beneficial effect. In higher amplitude motions, after the abutments were free to move, the effect due to
live load was less significant. This may be due to (1) the deteriorating nature of the bridge under
increasing levels of shaking and thus a changing vehicle-to-bridge frequency ratio, or (2) the changed
configuration of the bridge when the abutments were released in the radial direction after the shear keys
failed, or (3) both of the aforementioned. Studies are continuing to better understand this phenomenon.
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DEVELOPMENT OF PEAK GROUND ACCELERATION MAP OF EAST MALAYSIA
FOR DESIGN RESPONSE SPECTRA OF BAKUN DAM
Azlan Adnan, Professor of Structural Earthquake Engineering, Engineering Seismology and
Earthquake Engineering Research (e-SEER), University of Technology Malaysia.
Hendriyawan, Senior Lecturer, Institute of Technology Bandung, Indonesia.
East Malaysia consists of two big states, Sabah and Sarawak located on the east side of the Borneo
Island. Sabah is located at the highest seismicity region of the country with Peak ground Acceleration
(PGA) values of up to 0.12g for 500 years return period. However, Sarawak is at the moderate level of
0.08g. Bakun dam, which is situated on the Balui River in the most interior area of Sarawak, is a $4.6
billion hydroelectric dam project that will flood an area of virgin rainforest the size of Singapore and
generate 2,500 megawatts of power. The objectives of the study are to obtain the PGA level of ground
motion and to develop design response spectra of the dam structure. Two levels of ground motion
hazard, which are Operation Basis Earthquake (OBE) and Maximum Credible Earthquake (MCE),
were evaluated for the site. In this project ground motion level for OBE was analyzed using
Probabilistic Seismic hazard Assessment (PSHA) method while MCE level was performed using
PSHA and Deterministic Seismic Hazard Assessment (DSHA) methods. In general, the methodology
consists of four steps, which are (1) developing the seismotectonic model, (2) selecting appropriate
seismic hazard parameters and attenuation relationship, (3) determining the seismic hazard
deterministically and probabilistically, and (4) generating time histories. The geometries of the
seismotectonic model were constructed based on earthquake spatial distributions and regional tectonic
setting of Bakun Dam. The historical earthquake data were compiled from local and international
institutions such as Malaysia Meteorological Department (MMD), USGS, ISC, and individual
catalogs. The combined catalogs that covers an area from 105oE to 125oE longitude and from 10oS to
10oN latitude, list about 7039 earthquake events occurred during more than 100 years period of
observation. All data from earthquake catalogs were processed using statistic principles before it is
used to analyze seismic risk. These procedures are performed in order to minimize bias or
systematically error and to obtain reliable results. The earthquake catalogues have been declustered in
order to separate main shock and accessories shock events using algorithm proposed by Gardner and
Knopoff (1974). The algorithm eliminated more than 50% of earthquake data. The completeness
analysis was performed in order to assess the completeness level of an earthquake catalog. The
seismotectonic models covered for all fault source zones within radius of 500 km from Bakun Dam.
The fault sources are Palu-Koro, Sulu, Tarakan Basin, Kutai-Mahakam Basin, and Walanae. The
background source was used in this analysis to accommodate uncertainty associated with unknown
faults around site region. The background seismicity has been modeled as a fault source with radius of
100 km from Bakun Dam. Analysis of seismic hazard parameters for each source zone used in this
analysis were calculated by the least square, Weichert (1980), and Kijko and Sellevoll (1989)
methods. The seismicity b-values in this study are within the range 0.7 to 1.2. Based on the
comparative study regarding attenuation relationships, three attenuation functions are used in seismic
analysis, which are Campbell (2003) attenuation for calculating distant earthquakes and Sadigh et al
(1997) and Boore et al (1997) for short distance earthquakes (less than 100 km). Based on the
deterministic analysis, the maximum probable PGA is 98.7 gal or 0.099 g produced by Palu-Koro
Fault at a distance of 252 km from Bakun. On the other hand, logic trees were used in probabilistic
analysis in order to allow uncertainty in selection of models for attenuation, recurrence rate, and
maximum magnitude to be considered. The peak ground accelerations at Bakun, calculated for 150,
500, 1000, 2,500, 10,000 year return periods are respectively 30.90, 45.41, 54.50, 66.65, and 86.82
gals. The deaggregation plot shows the most likely magnitude-distance combination to provide the
level 150-year return period of motion (the mode), was from an earthquake of Mw 5.25 at a distance
75 km and the mean contribution was from a magnitude, Mw, 5.9 at a distance of 157 km. The
deaggregation plot for the 500 and 10,000 year ground motions show the major contribution from the
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earthquake of Mw 5.75 at a distance 75 km. The mean contribution for 500 and 10,000-year ground
motions are given by Mw, 6.0 at a distance of 158 km and magnitude, Mw, 6.5 at a distance 181 km,
respectively. Six artificial time histories were produced in this study. The artificial motions were
generated by modifying actual ground motion records. The actual ground motions from worldwide
earthquakes were selected based on their similarity of their characteristics such as magnitude,
distance, and mechanism, and then the spectrums were scaled for matching them with the spectrums
from probabilistic analyses. The spectral accelerations from real time-histories data were adjusted
within the range 0.5 to 2.0 Hz to the target spectral acceleration. Three time histories data recorded on
the bedrock were selected for adjusting the spectrums to spectral accelerations for 150, 500, and
10,000-year return period. Each return period produced two time histories that represent most likely
and mean contribution to particular hazard levels. The PGA values from this study were calculated for
the bedrock. Local site effects strongly influences the characteristic of ground surface motions, i.e.
peak acceleration amplitudes and shapes of response spectra. Geotechnical factors often exert a major
influence on damage patterns and loss of life in earthquake events. The local site effects still need to
be investigated, in order to predict the effect of the earthquake ground motion at the surface.
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NUMERICAL SIMULATION AND CENTRIFUGE MODELING OF SAND LIQUEFACTION
Yu Bao1 and Andrew Rietz2
1: Assistant Professor, Civil Engineering Technology, Rochester Institute of Technology
2: Research Assistant, Student, Civil Engineering Technology, Rochester Institute of Technology

ABSTRACT
The mechanical behavior of saturated soil is mainly governed by the interaction between the soil skeleton
and the pore fluid, and this interaction may lead to significant loss of strength known as liquefaction
under seismic loading conditions. This poster presents the application of a kinematic cyclic plasticity
model in the simulation of sand liquefaction and the validation of the numerical study by centrifuge-based
experimental results. Strong ground motion induces a tendency for volume change and the soil-skeleton
dilation/contraction effects cause a progressive pore water pressure build-up as well as cyclic pore
pressure variations depending on the drainage condition and soil permeability. The development of
excess pore pressures may lead to soil softening, loss of stability and bearing failures. The ability of the
constitutive model to predict permanent volume changes during cyclic loading is a major factor in seismic
analysis. In this study, a kinematic and cyclic plasticity model based on the concept of fuzzy-set
plasticity is implemented to simulate realistic sand behavior during unloading and reloading cycles. The
model is not only able to capture the general nonlinear behavior of soil, but also essential soil
characteristics, such as confinement dependency, soil skeleton contraction and dilation, critical state soil
mechanics features, and pore pressure build-up. The accuracy of numerical analysis needs to be
validated. However, due to the difficulty of predicting when and where a major earthquake will occur
and the general random nature of these events, most field liquefaction failures have occurred at sites
which were not instrumented. The advent of centrifuge modeling that incorporates scaled dynamic events
brought to light the development of proper numerical techniques for simulating the consequences of soil
liquefaction. Centrifuge testing creates stress conditions in the model that closely simulate those in the
full-scale prototype, so that the behavior of the model can approximate that of the prototype. In this
research, a servo-controlled electro-hydraulic shake table is mounted on the swing platform of the
centrifuge, which could be operated inflight to produce earthquake-like motions. The centrifuge and the
shake table are used to test the model of a layer of 10 m thick in a prototype liquefiable soil stratum. The
pore water pressure and acceleration at different elevations are measured and the settlement of soil
surface is also recorded. The model is constructed at 40-th scale, and the centrifuge is spun at 40 g to
simulate appropriate prototype behavior. The model is saturated with a viscous liquid comprising of a
metolose solution having a viscosity 40 times greater than the viscosity of water. This ensures appropriate
scaling between dynamic and diffusion phenomena of the given g-level. Absorbing boundaries using
cork plates in the shaking direction are adopted to simulate the infinite boundary conditions presented in
the prototype. Data from centrifuge modeling and numerical simulation are compared. The computed
results show good agreement with the experimental results.
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Great ShakeOut Earthquake Drills: Awareness to Action
Mark Benthien
Director for Communication, Education, and Outreach
Southern California Earthquake Center
On October 20, 2011, “Great ShakeOut” earthquake drills were held in California, Nevada, Guam,
Oregon, Idaho and British Columbia, involving more than 9.5 million participants who practiced how to
protect themselves during earthquakes (“Drop, Cover, and Hold On”), and were encouraged to prepare to
survive and recover at work, school, and home.
The ShakeOut began in southern California in 2008, as a way of involving the general public in a largescale emergency management exercise based on a magnitude 7.8 earthquake on the San Andreas fault (the
“ShakeOut Scenario,” developed by a team of experts led by Dr. Lucy Jones of the U.S. Geological
Survey). The goal was to promote preparedness actions by communicating scientific information and
awareness in such a manner that encouraged the whole community to get prepared and to participate in
the largest earthquake drill in U.S. history.
The Southern California Earthquake Center (SCEC) developed advanced simulations of this earthquake
that were used to estimate potential losses and casualties and also to show the public how the shaking
would be throughout the region. In addition to scientific contributions to the ShakeOut Scenario, SCEC
also hosted the ShakeOut website (www.ShakeOut.org) and created a registration system where
participants could be counted in the overall total. The Earthquake Country Alliance (headquartered at
SCEC with members from California science, preparedness, and community organizations) coordinated
outreach and recruitment. More than 5.4 million people participated in 2008, with schools for the first
time coordinating earthquake drills on the same day.
Soon after the first ShakeOut drill, participant demand convinced organizers to develop the ShakeOut into
a statewide, annual event each October that grew to more than 8.5 million participants in 2011. K-12 and
college students and staff comprise the largest number of participants, but the ShakeOut also has been
successful at recruiting participation by businesses, non-profit organizations, government offices,
neighborhoods, and individuals. Each year participants are encouraged to incorporate additional elements
of their emergency plans into their ShakeOut drill. Surveys conducted after each drill are being analyzed
and results will be presented in this poster and elsewhere in 2012.
Because of the success of the ShakeOut in California, several other regions (www.ShakeOut.org/history)
have created ShakeOut drills, with websites managed by SCEC. In addition to the areas listed above, the
Central U.S. has held ShakeOut drills in 2011 and 2012, the first Tokyo Shakeout is planned for March 9,
2012, Utah is holding its first ShakeOut on April 17, 2012, and New Zealand is planning a nationwide
ShakeOut in September, 2012. In October 2012 the “west coast” ShakeOuts listed above will be joined by
Puerto Rico, a regional drill in the Southeast U.S., and possibly other regions. Washington State, Alaska,
Hawaii, and several countries (Turkey, Chile, China, and more) have also expressed interest.
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ESTIMATING EARTHQUAKE MAGNITUDES FROM REPORTED INTENSITIES IN THE
CENTRAL AND EASTERN UNITED STATES
Oliver S. Boyd, U.S. Geological Survey, Memphis, TN
Chris H. Cramer, University of Memphis, Center for Earthquake Research and
Information, Memphis, TN
We develop an intensity-attenuation relation for the central and eastern United
States (CEUS) and estimate the magnitudes of the 1811–1812 New Madrid, MO and
1886 Charleston, SC earthquakes. We constrain the relation with two large modified
Mercalli intensity (MMI) datasets and North American census data. The National
Oceanic and Atmospheric Administration (NOAA) modified Mercalli intensity
dataset contains responses to questionnaires for earthquakes between 1924 and
1985. The USGS ‘Did You Feel It?’ (DYFI) dataset is obtained for responses from
2000 through April, 2011. The combined dataset has more than 250,000 felt reports
for 857 earthquakes with magnitude between 3 and 7.3.
We assume that distances for a given intensity are log-normally distributed and
seek a relationship predicting the mean of the log normal distribution of reported
intensities as a function of MMI and magnitude in order to estimate the magnitude
of sets of reported MMI having unknown magnitude. To properly estimate the mean
of the log-normal distribution, the population density must be accounted for. For
each earthquake and MMI in the combined dataset, a log-normal distribution of felt
reports is simulated. In the simulation, the number of reports at each point on a
uniform grid is proportional to the population density, where the historic
population density is taken from the decadal census made available by the National
Historical Geographic Information System (www.nhgis.org). The parameters of the
log-normal distribution and fraction of population that generates a felt report are
varied until they match the observed data.
We generally find that the fraction of population at a given location to report having
felt the earthquake is proportional to MMI; larger MMI is correlated to a larger
fraction reporting having felt the earthquake. We also find a positive correlation
between the mean log-normal distance and the standard deviation of the log-normal
distribution.
An inversion is performed to determine the coefficients of a bilinear function
relating the mean log-normal distance, MMI and magnitude. Each data point is
weighted by its uncertainty, which we assume to be proportional to the inverse of
the square root of the number of observations.
To find the magnitude for the older 1811–1812 New Madrid and 1886 Charleston
datasets, we begin with the procedure described above. The distribution of the
number of felt reports versus distance for each dataset and MMI is simulated to find
the mean log-normal distance. The bilinear function is then solved for magnitude
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and the magnitudes determined for each MMI are averaged, weighted by their
uncertainty.
We find that the new relation leads to similar or slightly smaller magnitude
estimates for the New Madrid earthquakes than have been determined by previous
studies. Depending on the modified Mercalli intensity dataset used, the new relation
results in estimates for the moment magnitudes of the December 16th, 1811,
January 23rd, 1812, and February 7th, 1812 mainshocks and December 16th dawn
aftershock of 6.8–7.1, 6.9–7.4, 7.3–7.6, and 6.8–7.3, respectively, with a magnitude
uncertainty of ±0.4–0.5. We estimate a magnitude of 7.2±0.4 for the 1886
Charleston, SC earthquake.
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Constraints on the 1811–1812 New Madrid Earthquake Magnitudes from a Direct
Comparison of Intensity Observations with Known M7 Earthquakes
Chris H. Cramer and Oliver S. Boyd
Abstract
Uncertainty in the magnitudes of the 1811–1812 New Madrid mainshocks
contributes significantly to the uncertainty in the seismic hazard in the central
United States. A direct comparison of intensity observations between these historic
and more recent M7 stable continental region earthquakes provides new
constraints on the magnitudes of the 1811–1812 New Madrid mainshocks.
Evernden (1975) suggested proximal large-intensity values are influenced by
magnitude, source depth, and other factors; however, distant lower-intensity values
are influenced mostly by the magnitude of the earthquake. We confirm this by fitting
intensity observations for each of the four largest 1811–1812 New Madrid
earthquakes, the 1929 M7.2 Grand Banks earthquake, and the 2001 M7.6 Bhuj, India
earthquake. We compare the mean Modified Mercalli Intensity (MMI) curve vs.
distance and its 95% confidence interval for each New Madrid event from several
interpretations of the intensities with those of the Grand Banks and Bhuj, India,
earthquakes at distances greater than 1000 km.
Potential biases affecting the direct comparisons include the following:
(1) The method of assigning intensities to observations mainly affects the proximal
large-intensity values. The distant lower-intensity values tend to be more in
agreement among the assignment methods as shown by the convergence at larger
distances of the mean intensity curves for the same event and hence suggest the
same magnitude.
(2) Limited sampling of intensity in number (fewer overall observations) and space
(not sampled well at large distances) for the 1811-1812 New Madrid earthquakes
increases uncertainty in the estimate of the mean intensity curves. But we fit the
mean intensity curves with MMI as the dependent variable, which provides robust
comparisons and essentially the same results both with truncations of the MMI
dataset in maximum distance and minimum MMI.
(3) Source effects are more important at sites proximal to the event as indicated by
ground motion prediction equations. Large differences in the stress drop could be
important at all distances, but estimates of stress drop for the 2001 Bhuj, India
earthquake and earthquakes in the source region of the 1929 Grand Banks, Canada
earthquake are similar to the published mean stress drop for eastern North America
(ENA) earthquakes. Directivity effects have been observed in the 1988 Saguenay,
Canada and 2011 Mineral, Virginia intensities and ground motions data sets. But
ground motion observations beyond 200 km for these earthquakes show at most a
factor of two average increase in ground motions, which only corresponds to a 1/3
MMI increase and is not particularly significant at these distances.
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(4) Differences in seismic attenuation between cratonic India and ENA are
significant, but the 2001 Bhuj intensities have been corrected to ENA intensity
attenuation using published intensity prediction equations for each region. The
Grand Banks continental margin has been shown to be ~30 km thick Appalachian
province crust by both marine and land reflection/refraction surveys. The
Appalachian province is part of the ENA stable continental region. Observations of
Q in the Appalachian province show typical ENA values. Thus, the paths to the
intensity observation sites for the Grand Banks earthquakes are essentially ENA in
their seismic properties, indicating that it is reasonable to compare intensity
observations from the Grand Banks earthquake with other ENA earthquakes’
intensities. Additionally, crustal structure may preferentially focus and increase
intensity and ground motion observations, particularly for the 2011 Virginia and
1811–1812 New Madrid earthquakes. But at large distances, as cited above, the
Virginia earthquake shows that this effect combined with directivity is not more
than a factor of 2 in ground motion and 1/3 MMI unit in intensity, which is not
particularly significant in our comparisons. Additionally, the 1929 Grand Banks
intensities also show preferential increases in MMI along the structural trend
parallel to the Atlantic coast that suggest similar effects in that dataset too, reducing
the possibility of bias in comparisons with the 1811–1812 New Madrid intensities.
(5) Site effects from soils are important close in due to the presence of thick soils
such as those in the Mississippi embayment and the Gulf and Atlantic coastal plains.
Even the soils in the Ohio River Valley are only a few hundred kilometers from New
Madrid and are not present beyond ~500 km. But at greater distances, the site
conditions are typical ENA thin to no soils and thus not a source of bias in the direct
comparisons at those distances.
Hence, all sources of bias in our direct comparisons are minimal and not significant,
suggesting that our direct comparisons can provide constraints on the magnitude of
the 1811–1812 New Madrid earthquakes. Our direct comparison of mean intensity
curves beyond 1000 km suggests M~7.6, M7.2–7.6, and M>7.6 for the three 1811–
1812 New Madrid mainshocks, and M~7.0 for the December 16, 1811, New Madrid
“dawn” aftershock. Our estimates are consistent with those of Bakun and Hopper
(2004) and higher than those of Hough and Page (2011), even using their MMI
interpretations.
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Future Research Needs in Earthquake Engineering in the U.S.: The 2020
Vision Workshop
Shirley J. Dyke, Purdue University
Bozidar Stojadinovic, University of California, Berkeley
Pedro Arduino, University of Washington
Maria Garlock, Princeton University
Nicolas Luco, U.S. Geological Survey
Julio A. Ramirez, Purdue University
Solomon Yim, Oregon State University

This poster will provide a summary of the outcomes of the workshop, Vision 2020: An
Open Space Technology (OST) Workshop on the Future of Earthquake Engineering.
Vision 2020 was established to formulate a vision of where Earthquake Engineering in
the US needs to be in 2020 to vigorously address the grand challenge of mitigating
earthquake and tsunami risk going forward. The objectives of the workshop were: 1) to
chart the principal new directions in earthquake engineering research, practice, education
and outreach for the earthquake engineering community over the next 10 years, and to
postulate the needs beyond 2020; and 2) to reflect on the role of the current NSF NEES
facilities in meeting the research needs of the earthquake community and to elucidate
what new facilities would facilitate rapid progress along these new directions. A total of
78 participants attended, representing a diverse cross-section of researchers and
practitioners from the earthquake engineering community. Using Open Space
Technology, the workshop participants generated a set of 40 diverse topics during the
first day. These topics were discussed in terms of their potential for having an impact on
how our society responds to earthquakes and other hazards. During the second day of the
workshop, these topics were refined to formulate the overarching goal and the principal
research directions that should be undertaken to advance the earthquake engineering
community by 2020.
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SEISMIC VULNERABILITY OF CORNER BEAM-COLUMN JOINTS
IN EXISTING CONCRETE BUILDINGS
Wael M. Hassan, Ph.D., S.E.1 and Jack P. Moehle, Ph.D., P.E.2
Earthquake reconnaissance has reported the substantial damage that can result from inadequate
beam-column joints. In some cases, failure of older-type corner joints appears to have led to building
collapse. Beam-column joints in concrete buildings are key components to ensure structural integrity of
building performance under seismic loading. Since the 1960s, many advances have been made to improve
seismic performance of building components, including beam-column joints. New design and detailing
approaches are expected to produce new construction that will perform satisfactorily during strong
earthquake shaking. Less attention has been focused on beam-column joints of older construction that
may be seismically vulnerable. Concrete buildings constructed prior to developing details for ductility in
the 1970s normally lack joint transverse reinforcement. The available literature concerning the
performance of such joints is relatively limited, but concerns about performance exist.
Many tools have been developed to predict shear strength and to numerically model joints with
ductile details. However, much fewer guidelines and analytical models are claimed to be applicable to
joints that lack transverse reinforcement.
The current study aimed to experimentally improve understanding and assessment of seismic
performance of unconfined exterior and corner beam-column joints in existing buildings and to improve
analytical tools for nonlinear simulation. Four full-scale three dimensional corner beam-column joint
subassemblies, with concrete slab included, were tested under alternating unidirectional and simultaneous
bidirectional cyclic loading that incorporated varying axial loads to simulate overturning seismic moment
effects. The axial loads varied between tension and high compression loads reaching about 50% of the
column axial capacity. The test parameters are axial load level, joint aspect ratio, loading history, and
beam reinforcement ratio. The main performance measures assessed in this study are shear strength and
ductility, failure modes, stiffness and strength degradation, shear deformations, and axial failure potential
following shear failure of unconfined corner joints.
Test results have proven the potential for early shear failure and degradation of unconfined corner
joints. Two distinct joint failure modes were identified based on reinforcement ratio and joint aspect ratio.
Joint aspect ratio is inversely proportional to joint shear and axial capacities. Axial load effect on shear
strength and deformation capacity varies based on joint failure mode. Axial failure of shear damaged
joints appears to be unlikely within the practical drift range of older buildings. Elliptical shear strength
interaction proved to be suitable for bidirectionally loaded joints. Tests revealed the inaccuracy of shear
strength provisions of available existing building assessment documents. An exterior joint simplified
shear strength models were developed and accurately predicted the strength of the test specimens.
A new nonlinear macro model is developed to predict the test observed seismic performance of
unconfined joints. The model incorporates new expressions for joint performance including shear strength
and axial capacity of beam-column joints. In addition, the effects of axial load level, joint aspect ratio and
mode of joint failure on the constitutive cyclic backbone curve of unconfined joints. Cyclic strength and
stiffness degradation and pinching parameters along with bond-slip expressions are suggested for
advanced simulation of joint cyclic performance. The model successfully captured the experimental
cyclic performance of unconfined exterior and corner joints and offered an alternative means to the
existing recommendations of nonlinear modeling of unconfined joints, which were shown in the paper to
be substantially conservative.
1
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GROUND MOTION SELECTION AND MODIFICATION FOR NONLINEAR ANALYSIS OF
ISOLATED BRIDGES IN THE NMSZ
Tim Huff1
Dr. James A. Mason2

Abstract
Current design philosophy for bridge structures in the NMSZ relies primarily upon plastic hinging in
substructures. An available, yet seldom considered, alternative is seismic isolation.
The Hernando De Soto Bridge – Interstate 40 over the Mississippi River – is currently being retrofitted
and seismic isolation has been incorporated into the design. Both Lead-Rubber-Bearing (LRB) and
Friction-Pendulum-System (FPS) devices have been installed and other retrofit modifications are still
being constructed.
Perhaps isolation should be considered, not only for major structures like the De Soto Bridge, but also for
typical, more common bridge types in the NMSZ.
One of the first steps in the design of an isolation system for bridges is the selection and modification of
ground motion records for nonlinear time history analysis of the isolated bridge.
The purpose of the study is to define a suite of code-compliant ground motion records for the nonlinear
dynamic time history analysis of bridges in the New Madrid Seismic Zone. The records are to be used in
future work to study the feasibility of isolation as a design strategy for routine bridges in the NMSZ.
Ground motion selection and scaling strategies for two sites in West Tennessee – one in Shelby County
and another in Lake County – are discussed. Site No. 1, in Shelby County, Tennessee near densely
populated Memphis, consists of soils in the upper 100 feet indicative of AASHTO Site Class “E”
conditions. Site No. 2, in Lake County, Tennessee and one of the most vulnerable locations in the state in
terms of seismic hazard, is characterized by AASHTO Site Class “D” soil conditions.
With limited strong motion recordings available for high magnitude, intra-plate events, the process of
selecting appropriate ground motions is not a trivial one. Scenario events from USGS deaggregations at
the two sites are established. Eight sources of data are queried to establish approximately 600 ground
motion record pairs from 23 appropriate magnitude, historic events to be used as initial candidates for the
two sites. Further screening of the records is based on available data for distance and site class conditions.
Artificial accelerograms are developed to complement the historic records. Amplitude scaling and
spectral matching are employed to modify the motions. Target spectra are developed using code-based,
uniform hazard criteria, risk-targeted criteria, conditional criteria, and by empirical methods.
Issues related to the range of periods across which spectral matching and scaling should be applied are
discussed.
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LEARNING FROM THE EARTHQUAKES OF OTHERS: THE 2010-2011 CHRISTCHURCH, NEW
ZEALAND EARTHQUAKES AS ANALOGS FOR FUTURE CEUS EARTHQUAKES
Dr. Steven C. Jaumé and Dr. Norman S Levine
South Carolina Earthquake Education and Preparedness program
(SCEEP - http://scearthquakes.cofc.edu/)
Department of Geology and Environmental Geosciences
College of Charleston, Charleston, South Carolina
Email: jaumes@cofc.edu
A series of large and moderate earthquakes has struck the Christchurch, New Zealand region, causing
massive damage and the 2nd largest loss of life in an earthquake in New Zealand’s history. This
earthquake sequence started with an Mw 7.0 event in September 2010 and damaging aftershocks have
continued up to December 2011 (i.e., Mw 5.9). We believe Christchurch shares many features in common
with US cities, particularly in the central and eastern US (CEUS) that make it a good analog for the
impact of future damaging earthquakes in the CEUS. We will present examples of damage and other
impacts from the 2010-2011 Christchurch earthquake sequence and compare them to the impact of the
1886 Charleston, South Carolina earthquake, using this to argue that the Christchurch experience should
be mined by those involved in earthquake mitigation efforts in the CEUS.
Christchurch, New Zealand is a city of ~400,000 people on the South Island of New Zealand. It is similar
to many cities in the CEUS, where historic unreinforced masonry (URM) buildings co-existed with steel
and reinforced concrete buildings of several generations and building codes in the central business district
(CBD). The Christchurch CBD is itself surrounded by suburban bedroom communities, much like most
modern American cities. While New Zealand has a high level of earthquake activity, Christchurch is
distant from the major plate boundary faults and its pre-2010 earthquake hazard estimates were similar to
hazard levels estimated for the New Madrid and Charleston regions in the CEUS. Christchurch also lies
on a coastal plain underlain by several hundred meters of sediment, which makes it geologically similar to
Southeast/Gulf coastal plain (e.g., Charleston, SC) and Mississippi Embayment (e.g., Memphis, TN)
regions in the CEUS. The extended nature of the Christchurch earthquake sequence is also similar to the
extended 1811-1812 New Madrid sequence. These similarities in the built and geological environments
argue that the impact of future damaging CEUS earthquakes will bear substantial similarities to the 20102011 Christchurch experience.
Several (but not all) aspects of the 2010-2011 Christchurch earthquake sequence we believe should
studied closely are: a) damage as a function of changing building codes through time, b) effectiveness of
URM retrofit measures (a number of Christchurch URM’s were retrofitted prior to the earthquakes), c)
impact of multiple liquefaction events on lifelines, particularly underground pipelines, and d) impact of
the extended earthquake sequence on recovery and rebuilding efforts. A number of parallels already exist
between these aspects and locations impacted by historic CEUS earthquakes. Many historic URM
buildings in Charleston, South Carolina have been retrofitted as part of preservation efforts – how well
will they work? Severe liquefaction occurred during the 1755 Cape Ann, MA, 1811-1812 New Madrid
and 1886 Charleston. SC earthquakes – what impact would such widespread liquefaction have today?
Temporary population displacements occurred as a result of the 2010-2011 Christchurch, NZ, 1811-1812
New Madrid and 1886 Charleston, SC earthquakes – how will this impact recovery efforts?
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USING NEW TOOLS TO LEARN FROM AN OLD EARTHQUAKE: CHARLESTON, SOUTH
CAROLINA 1886
Krystle S. Miner (student), Dr. Steven C. Jaumé and Dr. Norman S Levine
South Carolina Earthquake Education and Preparedness program
(SCEEP - http://scearthquakes.cofc.edu/)
Department of Geology and Environmental Geosciences
College of Charleston, Charleston, South Carolina
Email: jaumes@cofc.edu
The August 31, 1886 M~7 Charleston earthquake is the best-documented large damaging central and
eastern US (CEUS) earthquake, particularly with respect to its impact on the built environment. Our goal
is to take historic information, combine it with modern geological and geotechnical data, and
“reconstruct” the role of geological site conditions in the distribution of damage during the 1886
earthquake. This will allow us to use the 1886 earthquake as a calibration event for site condition maps
included in HAZUS damage estimates, and thus better estimate the impact of future earthquakes in
Charleston, South Carolina.
Numerous photographs from the 1886 earthquake exist, many of them annotated with location
information, that document damage to both public and private buildings. An insurance report, keyed to
1884 Sanborn fire insurance maps (also available), describes damage and in some cases estimated repair
costs to nearly 7000 buildings. Other historical documents, such as the first U.S. Geological Survey
scientific report on an earthquake (Dutton, 1889), are also available. Much of this information has
already been digitized (e.g., photographs and Sanborn maps are available via the Lowcountry Digital
Library; http://lowcountrydigital.library.cofc.edu/), allowing us to locate the type and severity of building
impact from this historic earthquake within a modern geographical coordinate system.
Modern data in this study include digitized surface geology and soil maps of the Charleston region. We
also have access to geotechnical borehole data (SPT, CPT and SCPT) and estimates of shallow shear
wave velocities from surface seismic studies (i.e., shear wave refraction and refraction microtremor).
More recently, we have also completely an ambient seismic noise survey to estimate frequencies and
relative amplitudes of site resonance in Charleston. We are combining the modern
geological/geotechnical information together with the historic building damage into a GIS product that
will allow us to document the influence of site conditions on building impact at a level of unprecedented
detail for a historic earthquake event.
The ultimate aim of this project is to make the 1886 earthquake a “calibration event” for site condition
maps used as input for HAZUS estimates of damage from future earthquakes in the Charleston, South
Carolina region. This will allow more accurate predictions of damage in future large earthquakes, which
can be used for land use planning, updating emergency response plans and other earthquake mitigation
measures.
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Memphis sits squarely in the damage range of the New Madrid Fault Zone, the most active fault zone in the
south and midwest of the United States, caused a series of major earthquakes during 1811-1812. Today,
the dense urbanization in the New Madrid Fault Zone area increases the earthquake hazards. Major
earthquakes near urban centers such as Memphis can cause catastrophic structural damage and life
losses. For a nation’s critical infrastructure such as hospitals, fire stations, emergency operation centers,
major bridges, nuclear power plants, off-shore platforms and airports, it is imperative to assess their
structural integrity immediately after a major catastrophic event. Such efforts may (i) protect human lives
and prevent injuries, (ii) minimize economic losses (structural and non-structural damage), (iii) maintain
vital services and minimize operation/production interruptions, and (iv) protect the environment. To date,
the U.S. Geological Survey (USGS) National Strong Motion Project (NSMP) works closely with the
Department of Veterans Affairs (VA) to monitor earthquake shaking in more than 70 VA medical centers in
seismically active regions in the continental U.S., Alaska and Puerto Rico. One of the significant potential
uses of data recorded by the seismic arrays installed in structures is monitoring their structural health. This
effort helps to increase pace of progress in safeguarding the VA's building inventory against future
earthquake losses. Recently, USGS/NSMP has instrumented two hospital buildings at the Tennessee VA
Medical Center in Memphis. Real-time structural health monitoring system installed in the 5-story Bed
Tower building and 3-story Spinal Injury building is one of the most sophisticated monitoring systems in the
country. The seismic monitoring system within these buildings is designed to record (1) lateral swaying, (2)
twisting, (3) wave travel time, and (4) drift (displacement) between each pairs of adjacent floors and
average drift between any number of floors. The buildings sensors are complemented by three-component
sensors located in a reference site distant from the buildings to monitor ground shaking without interference
with buildings’ responses. The data from the reference site provide the input signal of the seismic waves
that shake the buildings. This dense array of seismic sensors in buildings and reference site is the main
component of a sophisticated real-time structural health monitoring system of the Tennessee VA Medical
Center, which could led authorities making the informed decisions on utilizing the hospital buildings in the
aftermath of an earthquake.
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On January 12 2010, at 4:53 pm local time, a magnitude 7.0 earthquake struck the Republic of Haiti.
The epicenter of the earthquake was 25 km southwest of the capital Port-au-Prince, close to the city of
Léogâne. Although Haiti has experienced frequent weather-related disasters in recent years, this
earthquake dwarfed these earlier events, in both lives lost and damage inflicted. It is estimated that in
excess of 300,000 people were killed, hundreds of thousands more were injured, and approximately 1.3
million people were left homeless due to the failure of the majority of the building stock in the affected
regions. In particular, Léogâne, a city of 130,000 people and one of Haiti’s 140 communes, was
completely devastated by the earthquake, with estimated damage to 93% of its buildings, the majority of
which collapsed.
This level of devastation can largely be attributed to the many political and economic issues that have
faced this nation, whose struggles with education, government oversight of civil works, and general lack
of resources have historically prohibited the establishment of reliable civil infrastructure. Additionally,
although Haiti is situated in a seismically active region, prior to the January 2010 earthquake, it had
experienced no significant seismic event since 1846. Due to this long period of seismic inactivity,
Haitians were not truly cognizant of the threat of major earthquakes; a situation that is similar to the
current conditions in the central United States, with respect to the New Madrid Fault. As such, Haitian
housing prior to the quake was predicated on environmental requirements (capacity to withstand the
frequent tropical storms) and cultural preferences towards privacy and security, subject to practical
constraints related to the lack of native resources, income, education, and government oversight. Due to
the lack of wood for use as either formwork or as a partitioning alternative, and the high cost of steel,
Haitians construct structures with heavy masonry walls made of hand-pressed, unreinforced concrete
masonry units (CMUs) and lightly reinforced, undersized concrete columns. The structural system
frequently has no beams, leading to systems with inadequate strength and ductility. This combination
created systems that actually performed well under strong winds common to the Caribbean, but were
proven to be extremely vulnerable to earthquakes, with most failing through brittle collapse modes. The
pre-existing factors that led to the vulnerabilities exposed so harshly during the earthquake are deeply
rooted structural issues of the country that subsist today, creating what may be the most difficult
reconstruction effort following any major disaster of modern times.
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Two years after the earthquake, despite the millions of dollars pledged through foreign aid and wellintended efforts of the international community, the sad reality is that the majority of the families
displaced due to the earthquake [over 600,000 Haitians] are still waiting in transitory shelters, without a
clear roadmap towards safe permanent housing they will be able to call “home”. Recent surveys have
found that 34% of Haitians reported leaving the Internally Displaced People (IDP) camps due to forced
evictions, without any financial or housing assistance. Most have been unable to find a permanent,
reliable housing solution, forcing them into similar, if not worse, living conditions experienced in the IDP
camps. Lack of advancement of a permanent housing solution has led to a situation where international
aid is continually walking the line between relief and reconstruction, a phenomenon seen throughout other
parts of the world such as Africa, leading to imported solutions that are temporary in nature and
unsustainable after the non-governmental organizations (NGOs) withdraw from the country. The lack of a
precedent for a disaster whose victims are trapped in such dire economic straits has left the Civil
Engineering community at a loss, with many failing to understand Haiti’s unique constraints and how
well intentioned rebuilding efforts can actually perpetuate vulnerabilities in the long run. It is apparent,
with the current state of housing two years after the earthquake, that providing long-term, resilient
housing is not as simple as importing “first world” solutions, and in fact, doing so creates a long-term
dependence on foreign aid. Housing is a often a privately funded and supervised endeavor, especially in a
country with a weak governing structure, and therefore, solutions must be predicated on transforming
good intentions of the international community from implementation of foreign solutions into creating a
new Haitian housing paradigm that empowers those at the bottom of the pyramid.
The authors’ attempt to contribute to this recovery has been marked by four trips to Léogâne over the
last two years [more information on these trips may be found at http://www.engineering2empower.org/].
The first (March 2010) focused on post-quake reconnaissance and identification of the vulnerabilities that
contributed to the extensive structural collapses. The second (August 2010) focused on surveying cultural
preferences in urban housing as well as the local construction materials and practices. The third (March
2011) was devoted to a Community Planning Workshop for Léogâne, and the fourth (December 2011)
was dedicated to gathering labor and material pricing and surveying cultural preferences to support new
housing paradigms. These experiences have reminded the authors of the vulnerabilities created when
construction practices driven by economic constraints neglect infrequent hazards, a situation similar to the
current practice related to aseismic design in the Central US, and the associated devastation such practices
can result in. Of equal importance is the legitimate danger that the desperation and the demand to meet
basic human needs during the reconstruction process will lead to a reliance on heavily subsidized and
imported engineered designs that are well beyond the financial reach of most Haitian families.
This poster reviews the experiences of the authors from all these trips. It initially discusses the
seismic vulnerabilities exposed in Haiti during the 2010 earthquake, focusing on lessons learned when
operating in such unique resource-constrained environments. It then presents the efforts of the authors to
offer an alternative housing paradigm, based on the principle of empowering the Haitian people. To do so
requires innovations in technologies and processes that treat, with equal importance, resiliency, feasibility,
sustainability, and cultural viability. The authors’ experiences in post-quake Haiti have demonstrated that
such pathways to empowerment can indeed be discovered, first and foremost by listening to the
community being served, but require the commitment and patience to follow what inevitably is a long,
arduous, and at many times uncertain path to recovery. This process requires continuous feedback from
the population being served and frequent re-evaluation of priorities and proposed solutions. This is an
important lesson that must be learned from this disaster, not only for the people of Haiti, but also for the
millions of disadvantaged people throughout the world.
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The poster provides a general overview of the research project PERPETUATE: PERformance-based
aPproach to Earthquake proTection of cUlturAl heriTage in European and mediterranean countries.
This research is funded by the Seventh Framework Programme (Theme ENV.2009.3.2.1.1) and the
consortium includes 6 Universities, 2 Public Institutions and 3 Small-Medium Enterprises. Five
European Countries (France, Greece, Italy, Slovenia, United Kingdom) and one International
Cooperation Partner Country (Algeria) are represented.
The main motivations of this research project are the followings: i) application of the performancebased assessment to monumental structures; ii) the conservation of cultural heritage and the safety of
people should be considered in an integrated approach; iii) definition of proper performance levels
and acceptable criteria for cultural heritage buildings, as well as for the contained artistic assets; iv)
proposal of models for a reliable hazard assessment and an accurate vulnerability analysis in order to
adopt a minimum intervention, for the sake of conservation.
According to these motivations, the three main points of this reseach programme are: 1) increasing of
knowledge on the cultural assets and on the peculiar intensity measures of the seismic hazard; 2)
improving of modelling strategies of the ground, the foundation system, the structure and the
materials; 3) design of innovative, low-impact and reliable strengthening interventions.
In particular, in order to face these hard issues, the methodology proposed in PERPETUATE uses a
displacement-based approach for the vulnerability evaluation and the design of interventions [1].
According to recent trends in the field of seismic assessment, the use of safety verification in terms of
displacement, rather than strength, orients to new strengthening techniques and helps in the
comprehension of the interaction between structural elements and unmovable artistic assets. The
procedure is based on the following fundamental steps: 1) definition of performance limit states,
specific for the cultural heritage assets (considering both architectonic and artistic assets); 2)
evaluation of the seismic hazard and of the soil-foundation interaction; 3) construction knowledge
(historical analysis, survey, non-destructive testing, material parameters, structural identification); 4)
development of structural models for the seismic analysis of masonry structures and artistic assets, in
the actual state and for the design of interventions.
Two main scales are considered: a) the assessment of a single historic building or artistic asset; b) the
evaluation of the seismic risk to cultural heritage assets in a wide territorial area, in order to plan
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mitigation strategies. Final aim of the project is to develop European Guidelines for evaluation and
mitigation of seismic risk to cultural heritage assets.
The poster focuses the attention on the application of the PERPETUATE procedure to several case
studies, aimed to validate the methodology, selected in different countries (Italy, Greece, Algeria,
Slovenia): 1) the Casbash, the Citadel and Great Mosque in Algiers; 2) some monuments in the
historical centre of Rhodes (Greece); 3) Kolizej Palace in Ljubljana (Slovenia); 4) Santa Maria
Paganica Church and Ardinghelli Palace in L’Aquila (Italy); 5) St. Pardo Cathedral in Larino (Italy).
Each case study provides an exclusive occasion to face the problem of seismic protection of cultural
heritage at different scales (single asset or group of buildings in town) and conditions (seismic
prevention or reconstruction after an earthquake). Moreover in most of cases, relevant artistic assets
are present, allowing us to test results provided by the projcet also for these “non structural” elements.
In particular, the Casbah of Algiers and the historical centre of Rhodes (both in the UNESCO list of
the World Cultural Heritage) are made up of a complex aggregation of historical buildings, which
represent a cultural heritage asset as a whole but also contain a wide number of single important
monuments. The Casbah of Algiers constitues a relevant occasion to test the proposed procedure at
territorial scale: available models have been updated to take into account the peculiarities of these
buildings. In case of Rhodes, the procedure will be applied in a well documented sample of typical
and important monumental buildings and residential structures, representative of different periods and
morphologies. In both cases, in-situ microtremors survey and array measurements have been
performed, oriented to both the structural identification and the soil characterization.
The Kolizej Palace in Ljubliana has been a very exclusive occasion to apply several diagnostic
techniques (either destructive or not) as its complete demolition was planned by Authorities.
Santa Maria Paganica Church and Ardinghelli Palace in L’Aquila have been strongly damaged by the
Abruzzo earthquake on April 6, 2009. Starting from the damage survey, fundamental step to
understand the actual seismic behaviour, proper modelling strategies have been adopted for the
seismic assessment, in order to decide about the restoration works (due to the high level of damage,
many options have been considered: conservation as a ruin, reconstruction with the same or new
materials and technologies).
Finally, St. Pardo Cathedral in Larino was slightly damaged by the earthquake in Molise Region,
2002; it is worth noticing that damage was concentrated in those parts that were previously retrofitted.
Thus in this case the application of PERPETUATE procedure aims to design the technical solutions
more appropriate for the seismic improvement of the monument.
Some preliminary documents delivered by the project may be found in www.perpetuate.eu.
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A performance-based procedure for the earthquake protection of
masonry historical structures
S. Lagomarsino, S. Cattari and C. Calderini
Dept. of Civil, Environmental and Architectural Engineering, University of Genoa, Italy

The damage assessment to historical masonry buildings after past and recent earthquakes has shown
their high seismic vulnerability. In 2009 L’Aquila earthquake, in Italy, severely struck a large number
of monumental buildings, such as churches, towers, palaces and ancient urban aggregates; this
confirms the need of proper procedure for the conservation of cultural heritage in seismic prone areas.
Differently from the case of ordinary buildings, concepts related to the protection of the cultural
heritage should be added to requirements strictly associate d to the safety of people and to operational
and economic aspects (usually related to the actual reparability of damage). Moreover, since the
behaviour of masonry structures is strongly non linear, it is necessary that seismic assessment refers to
a displacement-based approach rather than a strength one: thus, according to all recent codes and
recommendation documents, the most suitable choice seems working in the context of performancebased assessment (PBA). Despite the need of considering modelling strategies able to properly
simulate the non linear response, the great variability and complexity of masonry historical buildings
makes difficult to propose well established approaches, as in codes for the case of new buildings, to
be adopted as reference.
The poster describes the performance-based assessment procedure developed for masonry cultural
heritage structures by PERPETUATE project (funded by the European Commission in the Seventh
Framework Programme - www.perpetuate.eu). Even if the importance and uniqueness of monuments
may advise to face the problem of their seismic vulnerability by a detailed analysis of each single
building, the large number of monuments present in seismic areas requires anyhow a territorial scale
approach, addressed to plan preventive risk mitigation policies and to optimize the use of economic
resources. To this aim, the proposed procedure considers both scales of the single asset and the
territorial one, with different degree of accuracy in all steps of procedure. Moreover, it considers
different stages and conditions in which this procedure should be applied; indeed results of the
seismic assessment should provide useful data for rehabilitation decisions to be carried out both
before, as a seismic prevention action, or after, to orient choices on repair and reconstruction, the
occurrence of an earthquake.
As known, PBA is based on the fulfillment of selected rehabilitation objectives, that are defined by
specific performance levels (PL) in correspondence to earthquake hazard levels (associated to selected
probabilities of exceedance in a reference time or return periods).
In case of historical buildings PL have to be linked also to cultural relevance concepts: thus, the use
and safety of people, the conservation of the building and the conservation of artistic assets (if
present) should be considered in an integrated approach. Once the safety and conservation
requirements have been defined from a conceptual point of view, proper acceptance criteria have to be
established in order to verify if the structure is able or not to satisfy the required PL. In particular, the
acceptance criteria require: 1) the definition of proper parameters measuring damage (and the
reference limit values), correlated to building seismic response, which allow us to check the
performance levels; 2) proper mechanical models, able to evaluate these parameters for a given
seismic action. In case of masonry ordinary buildings, the parameter usually adopted as reference is
the drift (both the interstory drift or that in each single masonry panel); however, for other
monumental structures (e.g. towers, churches, stone columns, etc.) different parameters need to be
introduced.
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Moreover, the complexity of cultural heritage structures requires referring to various proper modelling
strategies. To this aim, a damage and typological classification of cultural heritage asset represents
one of the first results of PERPETUATE project: this classification has to be considered as strictly
“mechanical”, since the occurrence of different types of damage are closely related to building
morphology (architectural shape, dimensions) and technology (type of masonry, characteristics of
horizontal diaphragms, effectiveness of wall-to-wall and floor-to-walls connections). According to the
identified damage modes and asset types, models are classified following two criteria: scale of
discretization (whether material or structural element one) and constitutive modelling of masonry
(whether continuous or discrete). Four types of models are identified: 1) Continuum Constitutive
Laws Models [1], 2) Structural Element Models [2], 3) Interface Models, 4) Macro-Blocks Models.
The use of these different modelling strategies is discussed with respect to both the classes of heritage
buildings (churches, palaces, towers, defensive walls,…) and their use in the seismic analyses.
Regarding the analysis and safety verification methods, particular attention is paid to non-linear static
and dynamic procedures. Both global seismic response of the structure (mainly associated to the inplane response of walls and to the activation of a box type behaviour) and local response of single
parts (usually subjected to out-of-plane mechanisms, as discussed in [3]) are considered. Moreover
also soil structure interaction and foundation problems are considered in the analysis (if relevant). In
case of non linear static analyses, a multi-criteria approach to define performance levels on the
capacity curve is proposed by considering damage at the scale of structural element (local damage),
mechanisms in architectonic elements (macroelement pushover curve), global behaviour (pushover
curve of the whole building).
In case of existing buildings, as known, the seismic safety assessment is affected by more
uncertainties than the one related to the design of a new building; in fact, uncertainties related to the
incomplete knowledge of the asset (epistemic uncertainties) add up to the statistical ones. In order to
reduce these uncertainties, the knowledge investigations represent a preliminary but fundamental step
of the assessment. The approach proposed in PERPETUATE project is based on the use of confidence
factors, which are in this case defined after a sensitivity analyses to identify the parameters that
mostly affect the structural response; this approach seems to be very effective in order to optimize the
plan of in-situ investigations and testing to be performed.
Finally, as PBA requires to compare the “structural capacity” and the “seismic demand”, the hazard
definition represents the fundamental step to close the procedure. On one hand, the return period of
the hazard can be modified in order to take into account the different cultural relevance and use of
each cultural heritage asset. On the other hand, some classes of historical buildings require specific
hazard characterization: as an example, some architectonic classes (such as single stone columns) are
characterized by very long period of vibration (rocking behavior) and require a reliable definition of
the input acceleration-displacement response spectrum also for long periods of vibration (this is
usually not necessary for rigid structures as palaces). Moreover, in some cases, the adoption of the
non linear dynamic analysis seems preferable to the static one: thus, the hazard must be defined by a
proper set of recorded accelerograms, instead of acceleration-displacement response spectra.
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The Salton Sea region is a very seismically active region. Among the earthquakes occurred in the area,
the 2010 Mw 7.2 El Mayor-Cucapah earthquake and the 1979 Mw 6.5 Imperial Valley earthquake bear
many similarities. The El Mayor-Cucapah earthquake occurred across on a series of faults, with a strike of
N130°E very similar in orientation to the Imperial fault which has a strike of N143°E. Both earthquakes
occurred on strike-slip faults. Observed spectral accelerations during both earthquakes are compared to
the predictions by the Next Generation Attenuation (NGA) Boore and Atkinson (BA08) ground motion
prediction equation (GMPE) and the SEA99 GMPE.
Ground motion records within the United States from the El Mayor-Cucapah earthquake are downloaded
from the Center for Engineering Strong Motion Data (http://www.strongmotioncenter.org). These records
were filtered with a 0.07 – 40 Hz band-pass filter and baseline corrected. Ground motion records
obtained in Baja California, Mexico were downloaded from the CICESE website (CICESE, 2010). These
records were baseline corrected and filtered with corner frequencies between 0.1 and 25 Hz. All these
records obtained in both California and Baja California had not been processed following the protocols of
the NGA project. Ground motions from the 1979 Imperial Valley earthquake are downloaded from the
PEER Ground Motion Database. These ground motions have been processed following the protocols of
the NGA project.
In general, both the BA08 and the SEA99 GMPEs predict spectral accelerations that show a trend of
positive intra-event residuals at site-to-source distances between about 10 to 50 km and negative residuals
from about 50 to 100 km for ground motions from the 2010 El Mayor-Cucapah earthquake. However,
such a trend is not observed for the 1979 Imperial Valley earthquake for both the SEA99 and the BA08
GMPEs. It is also observed that the intra-event residuals predicted by both SEA99 and BA08 GMPEs
show larger scattering for the 2010 El Mayor-Cucapah earthquake than the 1979 Imperial Valley
earthquake. Overall, the SEA99 and the BA08 GMPEs perform similarly well in predicting spectral
accelerations for PGA, 0.3, 1.0, and 2.0 second periods.
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U.S. GEOLOGICAL SURVEY NEW MADRID BICENTENNIAL INFORMATION PRODUCTS
Natasha McCallister, U.S. Geological Survey, Memphis, Tenn.; Robert A. Williams, U.S. Geological
Survey, Golden, Colo., Walter Mooney, U.S. Geological Survey, Menlo Park, Calif; and Richard Dart,
U.S. Geological Survey, Golden, Colo.
Several of the largest historical earthquakes to strike the continental United States occurred in the winter
of 1811-1812 along the New Madrid seismic zone (NMSZ), which stretches from near Memphis,
Tennessee into southern Illinois. This earthquake sequence produced hundreds of aftershocks. These
earthquakes were felt across the U.S. and from the Gulf of Mexico to Canada. The area that was strongly
shaken by the three main shocks was 2 to 3 times larger than the strongly shaken area of the 1964 M9.2
Alaskan earthquake, and 10 times larger than the 1906 M7.8 San Francisco earthquake. The 1811–1812
New Madrid earthquake sequence was preceded by at least two other similar sequences in about A.D.
1450 and A.D. 900. Research also indicates that other large earthquakes have occurred in the region
surrounding the main New Madrid seismicity trends in the past 5,000 years. For the Bicentennial of these
earthquakes the U. S. Geological Survey (USGS) has produced several information products for the
general public and scientific communities that discuss these sequences, central U.S. earthquake hazard,
emergency preparedness, and mitigation.
The USGS Fact Sheet (2010) “Earthquake Hazard in the New Madrid Seismic Zone Remains a Concern”
gives a brief yet comprehensive description of the 1811-1812 earthquake sequence, sequences of other
pre-historic earthquakes, and the possible consequences of future earthquakes. Several thousand copies of
“Putting Down Roots in Earthquake Country” (central U.S. version) were distributed during 2011-2012.
This document is modeled on similar versions used in California and Utah and provides the general
public with history, science, and emergency preparedness (before, during and after an event) information
for the central U. S. Much is known about the threat of earthquakes in the central United States and what
can be done to reduce losses from future earthquakes, but not enough has been done to prepare for future
earthquakes. The handbook describes such preparations that can be taken by individual residents before
an earthquake to be safe and protect property.
The USGS collaborated with the National Park Service to produce the poster “Bicentennial of the 18111812 New Madrid Earthquake Sequence December 2011-2012”. The poster presents an overview of
some of the hundreds of compelling personal accounts of the people living in the New Madrid area as
well as experiences of those on the east coast of the U.S.
“20 Cool Facts about the New Madrid Seismic Zone: Commemorating the Bicentennial of the New
Madrid Earthquake Sequence December 1811-February 1812” poster summarizes a few of the more
significant facts about this series of large earthquakes that struck the region and is suitable for a classroom
setting.
The USGS, in conjunction with state and local agencies, also produced several videos about earthquakes
in the New Madrid seismic zone, earthquake hazards, preparedness, research, ground shaking effects,
historical accounts, and research projects. These videos can be seen at
http://www.youtube.com/user/NewMadrid2011.
The 2011 FEMA-led National Level Exercise (NLE) simulated the catastrophic nature of a major
earthquake in the central United States region of the New Madrid seismic zone. NLE 2011 utilized
scenarios for a similar sized earthquake (magnitude 7.7 for the scenario) as the 1811-1812 sequence main
shocks and a similar aftershock (M6.0). PAGER and ShakeMap reports were issued for the two simulated
earthquakes. The PAGER and ShakeMap tools played a vital role in initiating the drill as well as helping
to provide a better understanding of the effects of a major earthquake to all of the organizations that
participated.
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As part of a State series of earthquake history maps new seismicity maps for Mississippi and Arkansas
were produced. Each summarizes several hundred years of earthquake historic activity. Links to these
maps can be found at the New Madrid Bicentennial website. The site commemorates the earthquake
sequence and connects people to information, events, announcements, news, and educational products.
Visit http://newmadrid2011.org/ for more information.
The USGS supported the implementation of the 2011 Great Central U.S. ShakeOut. This award-winning
and highly successful program was led by the Central US Earthquake Consortium (CUSEC) and modeled
on previous ShakeOut programs from California. The event encourages businesses, schools, response
agencies, state and local governments, and the general public to learn about earthquake hazard and engage
in activities that improve community resilience. The Great Central US ShakeOut website provides
information on earthquake preparedness, events, and educational resources. Participants may register for
future ShakeOut events online at http://www.shakeout.org/centralus/.
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PLANNING FOR THE POSSIBLE, NOT THE PROBABLE, SAVES LIVES
Althea Rizzo, Ph.D.
Geologic Hazards Program Coordinator
Oregon Office of Emergency Management

Despite having the possibility of a subduction zone earthquake capable of rivaling both the Andaman and
Japan Trench in devastating consequences, U.S. planning efforts still rely premises that under-estimate
the level of risk. Japanese emergency planners’ reliance on an under-estimated risk led to mistakes which
caused loss of life, property, and a nuclear disaster. Emergency planners in the U.S. can learn from these
past disasters and plan for the possible, not the probable.
Japanese seismologists and geologists, such as Yukinobu Okamura, called attention to a higher seismic
risk than was accepted by the Japanese government for planning purposes. This led to under-engineering
of seawalls and other built environment measures. In addition, public education and warning capability
were based on the incorrect lower hazard.
Future emergency planning on the West Coast of the U.S. must take proper understanding of what is
possible, and not base decisions solely on what is probable. This “planning for the possible, not the
probable” is especially important for critical infrastructure and facilities such as first responders,
hospitals, and schools. This message is brought home to emergency managers by the example of the
community Minamisanriku, whose EOC was overtopped by the March 11 tsunami, killing most of the
staff. We do not know how much time we have to prepare for the next Cascadia Subduction Zone
earthquake and tsunami, and we will only have one chance to get it right.
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INTRAPLATE EARTHQUAKES: HOW WELL DOES THE ELASTIC REBOUND PARADIGM SERVE TO
EXPLAIN THEM?
Dr. Robert Smalley, Jr., Research Professor
Center for Earthquake Research and Information, The University of Memphis, Memphis, TN
38152
An important component of estimating seismic hazard is an understanding of the physical
processes that cause earthquakes. Knowing the basic physics of earthquakes and the state of
Earth’s crust one can then produce estimations of future behavior of faults such as the rate and
size of earthquakes it might generate. These estimations contribute as a fundamental input to the
estimation of seismic hazard. Recent results from GPS geodesy in the New Madrid seismic zone,
interpreted using a plate boundary earthquake model, have been used to suggest that seismic
hazard there has been overestimated. Observed crustal deformation in non-plate boundary
settings, determined by GPS, suggests that the standard model of earthquake occurrence is in
need of modification when applied to earthquakes away from plate boundaries. Worldwide GPS
observations away from plate boundaries, when combined with paleoseismic data for the New
Madrid seismic zone, indicate that the current seismic hazard estimate for the New Madrid
seismic zone does not need to be modified in light of the GPS results.
Reid’s elastic rebound theory of earthquakes has been very successful in describing the cycle of
elastic energy storage and release, especially for earthquakes along transform plate boundaries. It
is also generally accepted that it explains the earthquake cycle in compressive plate boundaries,
although being a purely elastic description it completely misses the accumulation of permanent
deformation driven by the plate boundary, but associated with crustal earthquakes on faults that
are not part of the boundary, in compressional mountain belts such as the Andes.
In the elastic rebound theory, although they occur at very different rates, the interseismic strain
signal is simply the negative of the co-seismic signal. One elastically stretches and releases a
spring; there is no permanent deformation. This works very well for transform/strike-slip plate
boundaries where the faults, while they can be quite long, are limited in width to the thickness of
the crust. Whether one uses a plate or a half-space model for strike-slip faults the volume
participating in the elastic storage and release of elastic strain energy is relatively small
compared to the volume of tectonic plates. Both traditional and GPS crustal deformation
measurements observe and model the complete cycle very well. At convergent margins the
region of deformation associated with the elastic rebound theory is much larger due to the
dipping geometry of the faults combined with thicker crust, or possible continuation of the faults
into sub-crustal lithosphere, that result in much larger faults. The volume of energy storage and
release is therefore much greater and convergent plate margins produce the largest earthquakes.
The horizontal deformation associated with both the co-seismic and interseismic components of
the earthquake cycle at convergent margins is not detectable by traditional surveying due to the
much larger region involved, resulting in small strains, and the fact that the boundary itself,
where the maximum deformation is concentrated, cannot be observed because it is underwater in
the trench. The advent of GPS geodesy, which provided a two order of magnitude increase in the
precision of horizontal surveying, allows the observation of crustal deformation data that
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supports the elastic rebound theory at the plate tectonic scale within the precision of the data.
Looking in more detail at earthquakes in the deforming region, but off the plate boundary,
however, we notice that only the co-seismic component of elastic rebound is observed. This is
also true for intraplate earthquakes in regions with no GPS detectable interseismic deformation.
The elastic rebound model requires both far field displacements and focused interseismic elastic
strain accumulation on the fault that will eventually rupture (the fault is therefore “preidentified” as it is on the plate boundaries). To date no interseismic or pre-seismic deformation
signals associated with the interseismic component of elastic rebound have been observed around
any non plate boundary faults that have ruptured. Earthquakes that have occurred in deforming
regions have not been considered to challenge elastic rebound because elastic strain energy is
being stored by the deformation, even though they do not display the interseismic signal. Even
on plate boundaries, where we claim to understand the process, pre-event changes in the
deformation pattern of future rupture areas of earthquakes, such as accelerations or decelerations
in the rate of strain accumulation, have not been observed.
We need to examine alternate models for maintaining and modifying the stresses that exist off
the plate boundaries. The elastic rebound model is a half-space model, with far field motions and
slipping faults that allow stress to build up on the locked fault, that does not take into account the
fact that the lithosphere is a stress guide and can transmit stresses over very long distances. In the
elastic rebound model the far field plate can be stress free and elastic energy only builds at the
plate boundary where earthquakes periodically remove all of the elastic strain energy that is
found and stored only at the boundary. In plate interiors and deforming regions such as the
eastern Andes elastic strain energy can be both very high and widely distributed. The mechanism
and speed of stress changes and postseismic stress recovery is completely unknown. Intraplate
earthquakes may not relieve the stress significantly, except in the very immediate vicinity of the
earthquake. How the stress evolves immediately after an earthquake is also completely unknown.
GPS and other geodetic techniques measure changes in the strain and infer changes in the stress,
they do not measure absolute strain and stress. Modern geodetic measurements away from plate
boundaries are providing data that is in agreement with the tenets of plate tectonics that hold that
the interiors of plates are rigid and non-deforming. This does not mean that the plate interiors are
free of stresses and associated strains. While plate interiors are less active seismically that plate
boundaries, they do have earthquakes. Observation trumps a theory that does not agree with the
observations. Rather than use GPS results to argue that lack of measurable deformation implies a
lack of the stresses needed to produce earthquakes, we need to discover how stresses evolve and
behave in both plate interiors and the large deforming regions associated with plate boundaries.
As the stress levels and the processes acting at in plate interiors can be quite different from those
at plate boundaries we need to develop a model for how these stresses generate earthquakes.
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IMPACT OF EARTHQUAKES ON THE ELECTRICITY
INFRASTRUCTURE
Ganesh Kumar Venayagamoorthy and Karthikeyan Balasubramanium
Real-Time Power and Intelligent Systems Laboratory
Holcombe Department of Electrical and Computer Engineering
Clemson University, Clemson, South Carolina 29634, USA
gkumar@ieee.org

According to North American Electric Reliability Council’s disturbance analysis working group
database, 1.6% of all blackouts during the year 1984-2006 is due to earthquakes, for events affecting
more than 50,000 customers. Average number of customers with loss of power is more than 500,000 and
average loss of generation is over 1000 MW [1]. These numbers indicate the fact that although
earthquakes are less frequent than other events that initiate blackouts, they cause large scale damage due
to component failure. Porcelain components such as insulators, bushings, and support columns often fail.
Damage to other equipment components and busses is caused by inadequate slack between elements
connected by wires, or by bumping because of inadequate clearance [2]. Typically, failure of major
equipment components such as transformers and circuit breakers are caused by breakage of porcelain
components such as bushings and support columns. High-voltage equipment is generally more vulnerable
than lower-voltage equipment because of greater clearance requirements. Leaking gaskets is another
frequently observed form of transformer damage. This results in loss of cooling fluid which in turn causes
transformer failure [2].
Substation elements with ceramic columns supporting circuit breakers, bus-support structures,
disconnect switches, and bushings and radiators of transformers are also vulnerable [2]. Transmission
towers are not very vulnerable; however damage occurs due to secondary disturbance such as landslides.
Distribution systems are generally more rugged than high voltage transmission systems and the poles and
lines are not very susceptible to damage. However, damage can occur due to failure of adjacent structures
and distribution wires may become entangled and burn before circuit breakers can cut off current through
the lines [2].
Countries such as Japan, which is regularly pummeled by earthquakes have made structural and
operational changes to their electric industry. Tokyo straddles three tectonic plates- the Eurasian plate,
Philippine seat plate and pacific plate. However, in the ten year period from 1992-2001, customers of
Japan’s largest power supplier, Tokyo Electric power co. (Tepco), suffered an average outage of less than
5 minutes in any given year [3]. By comparison, customers of 65 power utilities across 24 states in United
States had sustained power interruptions totaling 107 minutes on average in any one year during the same
period, according to US Electric Power Research Institute (EPRI). The Tachikawa system load
dispatching office building is decoupled from its foundation by interposing laminated rubber bearings.
This allows the structure to sway horizontally and survive a 7.3 magnitude earth quake. Should an
earthquake disrupt the network, vehicles equipped with satellite communications equipment and wireless
telephone exchanges will take over and maintain the communication needed. There are also fleets of
vehicles equipped with high- and low-voltage generators and mobile transformers [3].
Security of service level in transmission system is generally measured via the use of N-1 criteria. The
N-1 criteria or single contingency criteria used in planning and operation of power systems throughout the
world, allows the system to operate normally in front of any outage on equipment or facilities, either a
line circuit or a generating unit, without a cascade propagation on the rest of the system facilities [4].
However, a cascading failure is possible and when one such event emanating from an earthquake occurs,
blackout might spread across a big portion of the grid. Such an event occurred during Marmara blackout
of turkey in 1999. This resulted in more than one third of the load being dropped [5]. Part of smart grid
approach is to make the grid more observable, this enables local controllers to make informed decisions
based on system wide information and hence mitigate cascading failures. Enhanced observability also
results in better partitioning during ‘island mode’ operation. This reduces chances of voltage collapse.
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There have been suggestions in literature as to how to extend fault tolerant capabilities of internet to
power grid [6]. The discussion revolves around distributed and autonomous control; diverse information
routing and redundant data or application storage; and performance degradation instead of full failure.
During contingency conditions such as earthquakes, loss of power supply can result from generation loss,
damage to transmission system, damage to distribution network and difficulties in system operation such
as loss of communication channel. Under such conditions, in traditional power grids, parts of the
interconnect goes into island mode of operation i.e. disconnect themselves from the rest of the grid, this
way operation in the disconnected area is carried out by matching demand and supply within the island
area. The downside is load shedding, if generation is not enough to match demand.
A smart grid which incorporates distributed generation or microgrids has the following advantages
over traditional grid during contingency situations. Microgrids can be disconnected from the grid and
operated in islanded mode to serve local customer base. Under such conditions, local controllers will
dispatch power to ‘island’ region using local generation such as wind, solar power. Intermittent nature of
renewable energy sources could be overcome with the use of energy storage such as pumped hydro,
compressed gas, flywheels or battery storage banks. Smart grids in general allow for better integration of
energy generation and storage, including plug-in electric vehicles. This helps in better load following. The
difference between microgrids in islanded mode of operation and parts of the network separated from grid
and operating in islanded mode as explained in the previous paragraph is essentially the size of service
area. During contingency, a decentralized approach such as microgrids potentially offers a better solution
because of the smaller service area. Smaller service area presents a lesser constrained optimization
problem than the case of larger service area.
Damage to transmission lines does not disrupt service in microgrids. However, damage sustained by
distribution networks during earthquakes impose limits on microgrid operation. Redundancy of
distribution lines is a desired factor under these conditions as they allow for power to be re-routed. Even
with minimal to no change in distribution networks, microgrids can minimize blackout size. Microgrids
can operate with lesser constraints with regards to operating conditions, for example a higher tolerance
level for operating frequency can be employed than in an interconnected system as there is no risk of
losing synchronism with the rest of the grid. Furthermore, power flow in lines can be controlled by using
controllable network transformers and flexible AC transmission lines, and this will alleviate line
congestion. Difficulties in system operation such as damage to SCADA or loss of communication channel
affect microgrids only in a minimal way as the operational area is much smaller.
Smart grid technologies [7, 8] during earthquakes are expected to provide resiliency to the parts of the
network not in the earthquake zone unlike the traditional power system. Besides, response of the
electricity infrastructure to earthquakes will be enhanced to maintain stability and cascaded blackouts will
be minimized.
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THE ST. LOUIS AREA EARTHQUAKE HAZARDS MAPPING PROJECT
R.A. Williams1, C.H. Cramer2, J.D. Rogers3, R.A. Bauer4, J. Chung3, J. Prewett5, G.L. Hempen6, P.J.
Steckel7, D. Hoffman3, C.M. Watkins, O.S. Boyd1, and N.S. McCallister1
1

U.S. Geological Survey, 2University of Memphis, 3Missouri University of Science and Technology, 4Illinois State
Geological Survey, 5Missouri Division of Geology and Land Survey, 6URS Corporation, 7Earthquake Insight LLC

The St. Louis Area Earthquake Hazards Mapping Project is an urban hazard mapping effort supported by
the U.S. Geological Survey (USGS) Earthquake Hazards Program. The goal of the project is to provide
urban seismic and liquefaction hazard maps for the St. Louis region in Missouri and Illinois that can be
used in land-use planning and private sector decision making. We use the 2008 USGS National Seismic
Hazard Map hazard model as a foundation for our hazard calculation, but a significant difference is that
this urban seismic hazard map includes the effects of local geology. The project includes a database of
subsurface geological, geophysical, and geotechnical information to form a three-dimensional model of
the surficial soft sediments over Paleozoic rock. In 2011 we completed an update of this 3-D model and
generated 24 new reference soil profiles from shear-wave velocity (Vs) measurements for several soil
type variations of the uplands (loess/till) and lowlands (alluvial). Site amplification ranges (distributions)
are then generated by the randomization of the Vs profile, dynamic properties, and input ground motions
and then used to produce probabilistic and scenario ground motion hazard maps. For peak ground
acceleration and 0.2-second spectral acceleration (Sa), the resulting urban hazard maps show increased
ground motion hazard in the uplands, which are covered by thinner loess/till deposits compared to the
lowlands. We find similar ground motion hazard in the 30-50-meter thick alluvium lowlands relative to
the 2008 USGS national seismic hazard maps. For 1.0 second Sa, the urban seismic hazard maps show a
reversed pattern of greater amplification on lowlands alluvium than upland loess and till. Previous studies
of earthquake recordings in the project area show that the high impedance between the lowland alluvial
cover and the underlying Paleozoic rock can also generate strong S-wave resonances that could impact
structures with similar resonant frequencies.
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HAZUS ANALYSES OF ELEVEN SCENARIO EARTHQUAKES IN NEW ENGLAND
Ivan Wong and Fabia Terra, Seismic Hazards Group, URS Corporation, 1333 Broadway, Suite 800
Oakland, CA 94612; Douglas Bausch and Jesse Rozelle, FEMA, Mitigation Division, Region VIII,
Denver, CO; Paul Morey, Risk Analysis Branch, FEMA Region I, Boston MA; Kenneth Rukstales, U.S.
Geological Survey, Golden, CO; John Ebel, Weston Observatory, Boston College, Weston, MA;
Laurence Becker, Vermont Geological Survey, Waterbury, VT; and Edward Fratto, Northeast States
Emergency Consortium, Wakefield, MA
Earthquake losses were estimated for 11 New England scenario earthquakes by the New England Shake
Map/HAZUS Working Group. The following scenario earthquakes were selected.
•
•
•
•
•
•
•
•
•
•
•

1727 Newburyport, MA M 5.8
Moodus, CT M 5.3
Littleton, MA M 5.0
Rumford, ME M 5.5
1755 Cape Ann Offshore, MA M 6.5
1663 Charlevoix, Canada M 7.5
1638 Central New Hampshire M 6.5
1904 Passamaquoddy Bay, ME M 6.2
1732 Montreal, Canada M 6.2
1983 Goodnow, NY M 5.8
2002 Plattsburgh, NY M 5.8

The scenarios are distributed throughout New England and were generally selected based upon a prior
historical earthquake. Most of the earthquakes occur on blind or unknown faults and so there is no known
causative fault for the majority of events.
A Level 2 analysis was performed using HAZUS-MH version 2.0 that included incorporation of
new/modified inventory of essential facilities, updating the demographic information to using the
Homeland Security Infrastructure Program (HSIP) data from 2010, and the addition of imported
ShakeMaps produced by the USGS. Losses were only calculated for the U.S. and so losses in Canada are
not accounted for.
A comprehensive summary packet that included a set of 11 multi-risk maps was developed for each
earthquake scenario. These maps include:
•
•
•
•
•
•
•
•
•
•
•

Estimated Building Inspection Needs
Estimated Building Economic Loss by County
Displaced Households
Electrical, Natural Gas and Oil Facility Damage
Estimated Concrete, Steel Debris
Estimated Highway Infrastructure Damage
Impaired Hospitals (Day 1)
Injuries Requiring Hospital Treatment 2 p.m.
Potential Search and Rescue Needs 2 p.m.
Short Term Shelter Public Needs
Estimated Potable Water Needs by County

The greatest losses are those associated with a repeat of the 1638 M 6.5 Central New Hampshire
earthquake with total fatalities of about 100 people, 2,000 injuries (2 p.m.), and $8.3 billion in total
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economic losses including building and lifeline-related losses. This event is the largest onshore
earthquake other than the M 7.5 Charlevoix earthquake and so the losses are expected.
The next most significant losses are sustained in a future M 5.8 Newburyport earthquake. Despite its
moderate size, its occurrence in a highly populated area explains the high losses of 10 fatalities, 500
injuries, and $4.8 billion total economic loss. An offshore M 6.5 Cape Ann earthquake would result in
only few deaths, about 200 injuries, and 200 extensively damaged buildings. Total economic losses are
estimated to be about $3.2 billion.
The above estimates are probably low particularly for the Cape Ann earthquake because the extensive
inventory of URM (unreinforced masonry) buildings has been underestimated, particularly for the Boston
area. Fill and alluvial areas along the waterfronts in Boston have also not been accounted for in the
NEHRP site class map. The losses should be considered preliminary first-order estimates that can be
improved with future improvements in the NEHRP incorporation of a site class map and building
inventories. Such improvements would include incorporating (1) detailed NEHRP site class and
liquefaction potential maps for the greater Boston area based on a surficial geological map; (2) improved
building inventories including URM buildings for Boston; and (3) 2010 census information.
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2012 EERI ANNUAL MEETING & NATIONAL EARTHQUAKE CONFERENCE
12:00–1:45 pm
GRAND TENNESSEE BALLROOM
LUNCHEON: 9th ANNUAL SSA/EERI WILLIAM B. JOYNER
MEMORIAL LECTURE: Building Near Faults: Jonathan Bray,
UC Berkeley

FRIDAY, APRIL 13
Building Resilience
7 am–2 pm
REGISTRATION CONTINUES
7:00–8:00 am
EERI COMMITTEE MEETINGS
6:30–8:00 am
CONTINENTAL BREAKFAST

EAST MEZZANINE

1:45–2:00 pm
GRAND TENNESSEE BALLROOM
UNDERGRADUATE SEISMIC DESIGN COMPETITION
AWARDS CEREMONY

See p. 17

2:00–3:30 pm
PLENARY
CREATING SAFE SCHOOLS
Moderator: Phillip Gould, Washington University
Speakers:
Disaster-Proof Schools: A National Challenge:
Nancy Bailey, Barry Welliver, & Edward Wolf
Oregon Schools ― Accelerating Seismic School Safety:
Yumei Wang, DOGAMI
Providing Safe Schools for our Students ― Washington State
Seismic Safety Committee School Assessment Pilot Project:
Cale Ash, Degenkolb Engineers, & John Schelling, WEMD
Life-Safety Risks to Schools from Earthquake Damage to
Nonstructural Components and Systems: Michael Griffin,
CCS Group
Earthquake Mitigation Grant:
Nicholas Thiele, Bloomfield (Missouri) R-14 School District

GRAND BALLROOM C,D,E,F

8:00–10:00 am
PLENARY
CENTRAL U.S. EARTHQUAKE SCENARIOS & THEIR
IMPLICATIONS FOR MITIGATION, RESPONSE AND
RECOVERY
Moderator: Greg Hempen, URS Corporation
Speakers:
Impacts of New Madrid Seismic Zone Earthquakes on the
Central U.S.: TBA
Risk Implications of Alternative Views of the New Madrid
Seismic Hazard: Patricia Grossi, RMS
Magnitude 6 Earthquake Scenarios for the New MadridWabash Valley Region: Oliver Boyd, USGS
Resilience Assessed by Comparing Scenarios’ Losses:
Robert Bauer, Illinois Geological Survey
Beyond Impacts: The Use and Benefits of the EERI New
Madrid Earthquake Scenarios: Greg Hempen, URS Corp.
10:00–10:30 am
BREAK

3:30–4:00 pm
PLENARY
CLOSING KEYNOTE ADDRESS
Jack Hayes, National Earthquake Hazard Reduction
Program, National Institute of Standards and Technology

GRAND BALLROOM C,D,E,F

4:00–8:45 pm
FIELD TRIP TO LOCAL EARTHQUAKE-RESISTANT
FACILITIES

10:30 am–12 noon
PLENARY
SEISMIC REHABILITATION & RETROFIT OF STRUCTURES
IN THE CENTRAL U.S. (CUS)
Moderator: James Beavers, JEB Consultants
Speakers:
Policies, Needs, and Drivers of Retrofit in the CUS:
Don Shaw, Missouri Seismic Safety Com.
Retrofit & Preservation of the National Civil Rights Museum,
Memphis: Rich Howe, R. W. Howe & Assoc.
Retrofitting in the CUS — A Federal Perspective:
Mike Mahoney, FEMA

LEARNING FROM THE PAST TO PROTECT THE FUTURE
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Building Resilience

Friday, April 13, 2012
8:00 a.m.
PLENARY:

CENTRAL U.S. EARTHQUAKE SCENARIOS & THEIR
IMPLICATIONS FOR MITIGATION, RESPONSE AND RECOVERY
Moderator:

Greg Hempen
URS Corporation
Speakers:

Impacts of New Madrid Seismic Zone Earthquakes
on the Central U.S.:
TBA
Risk Implications of Alternative Views of
the New Madrid Seismic Hazard:
Patricia Grossi
RMS

Magnitude 6 Earthquake Scenarios for the
New Madrid-Wabash Valley Region:
Oliver Boyd
USGS

Resilience Assessed by Comparing Scenarios’ Losses:
Robert Bauer
Illinois Geological Survey

Beyond Impacts: The Use and Benefits of the
EERI New Madrid Earthquake Scenarios:
Greg Hempen
URS Corporation
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Gregg Hempen
Geophysicist
URS Corporation
Gregory L. Hempen, PhD, PE, RG is a Geophysicist for the St. Louis Office of URS Corporation.
He performs blasting, earthquake and geophysical studies for clients. He was the principal editor
and one of the authors of two U.S. Army Corps of Engineers’ Manuals on Geophysics and Blasting.
Greg has written more than 25 technical papers and has been an active participant in administrative and technical committees in several professional societies. Greg has taught graduate and
upper division evening classes as an Adjunct Professor at several universities. He regularly
taught a graduate course in “Seismology and Seismic Design” at Washington University (19892004). He served on the board of Missouri’s Dam and Reservoir Safety Council (1988-1990),
and continues to serve on Missouri Seismic Safety Commission (1994-present) and the Missouri’s Structural Assessment Visual Evaluation Coalition (2009-pressent). Greg contributes to
the U.S. Geological Survey’s multiyear, St. Louis Area Earthquake Hazard Mapping Project. He
is managing the New Madrid Earthquake Scenarios’ development phase with other volunteering
professionals for the New Madrid Chapter of the Earthquake Engineering Research Institute.
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Central US Scenarios & Introductions
Greg Hempen
Geophysicist, URS Corporation
greg.hempen@urs.com
Three important reports that have provided useful insight to resolve varying impacts from Central
US earthquake sources are (1) Evaluating Earthquake Risk in Mid-American Communities
(Olshansky, Wu, and French, 2003), (2) Impact of New Madrid Seismic Zone Earthquakes on
Central USA (Elnashai, et al., 2009) and (3) Risk Implications of Alternative Views of New
Madrid Seismic Hazard (Zoback, Grossi, and Williams, 2011).
The report, Impact of New Madrid Seismic Zone Earthquakes on Central USA, was the
culmination of a study funded by the Federal Emergency Management Agency (FEMA). This
study will be the topic of the second session speaker, yet to be determined. The Risk Management
Solutions, Inc.’ s report, Risk Implications of Alternative Views of New Madrid Seismic Hazard,
will be the topic of the third session speaker, Dr. Patricia Grossi.
The New Madrid Chapter of EERI has been developing the New Madrid Earthquake Scenarios
(NMES). An Executive Committee has overseen the NMES’ development with several
stakeholder workshops, product development and expert input. The NMES has been developed
for six areas in the region, because of the low attenuation (allowing larger impacts at greater
distances relative to the same magnitude Western US earthquake), two differing sources of
earthquakes, and varying site conditions and population distributions of the region. The six areas
are: Jackson Counties, IL, St. Louis Metropolitan Area (in which three counties were assessed:
Madison County, IL, and St. Louis City & County, MO), Vanderburgh County (Evansville), IN,
McCracken County, KY, Scott County, MO, and Shelby County (Memphis), TN. (The US
Geological Survey [USGS] has produced Hazard Mapping Studies for Evansville, IN, and
Memphis, TN. USGS is developing the Hazard Mapping Study for the St. Louis Metropolitan
area.) The NMES was resolved for “likely earthquake impacts” from earthquakes from the New
Madrid Seismic Zone and the Wabash Valley Seismic Zone. Dr. Oliver Boyd will note how the
“probable earthquakes” were developed as the fourth session speaker. .
The NMES evaluated the loss estimation with the software, Hazards US (HAZUS, FEMA, 2009).
The loss estimations were created by the Heartland HAZUS Users’ Group for the NMES. The
HAZUS input of the National Level Exercise 2011 (NLE-11) was used as a direct comparison for
the NMES’ “probable earthquakes.” The scenario event for the NLE-11 was a moment magnitude
Mw 7.7 on the southwest limb of the New Madrid Seismic Zone. Mr. Robert Bauer, the fifth
session speaker, will discuss the NMES’ loss estimations for the six different NMES areas in
direct comparison to the NLE-11. There are some indirect comparisons to other scenarios.
As the final speaker in the session, I will address the potential uses and benefits of the NMES..
The NMES is now available as a web-based report (http://www.eeri.org/projects/earthquakescenarios/new-madrid-earthquake-scenarios/) for easy access of both the general public and
interested professionals. A disaster preparedness and response program is being pursued in the
region as a public-outreach component of the NMES.
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in Mid-American Communities. Mid-America Earthquake Center, Final Report, Project SE-5
(Earthquake Loss Estimate Methods for Essential Facilities), 131 pp.
Zoback, M.L., P. Grossi, and C. Williams (2011). Risk Implications of Alternative Views of New
Madrid Seismic Hazard. Risk Management Solutions, Inc., RMS Special Report, www.rms.com,
26 pp.
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Risk Implications of Alternative Views
of the New Madrid Seismic Hazard
Patricia Grossi
Numerous scientific issues have been raised regarding the level and uncertainty of seismic hazard
in the New Madrid Seismic Zone (NMSZ) and the surrounding region of the Central United
States. However, the scientific community is in broad agreement with the geologic evidence of
repeated large earthquakes in the last several thousand years. Moreover, ongoing seismicity rates
suggest a 28–46% likelihood of a M6.0 or greater earthquake in the broad region around New
Madrid in the next 50 years. This presentation presents the results of a report published by Risk
Management Solutions (RMS) in December 2011, marking the 200th anniversary of the first in a
sequence of earthquakes in the Central U.S. The report analyzed the impact of alternative hazard
representations on the quantification of seismic risk across the New Madrid region. The primary
focus was to evaluate how uncertainties in seismic hazard parameters impact estimated losses,
both probabilistically and through a series of credible scenarios. In addition, the report explored
the ability of the region to recover from a significant earthquake, with particular attention given to
the role of earthquake insurance in funding reconstruction. The results of the work demonstrate
that ground motion attenuation relationships dominate the uncertainty in modeled loss, providing
upper and lower bounds on losses for nearly all alternative hazard representations considered.
At the regional level, both total economic and insured probabilistic losses vary by a factor of four
to five between the two extreme ground motion attenuation models considered in the 2008 USGS
National Seismic Hazard Maps. Reducing earthquake magnitudes or increasing the recurrence
interval in the New Madrid Seismic Zone does lower losses relative to the baseline hazard
representation in the 2008 USGS National Seismic Hazard Maps; however, the differences in
implied risk costs are well within the broad bounds imposed by the alternative ground motion
attenuation relationships. Expected regional economic losses for the “baseline” USGS hazard
(i.e., as based on the 2008 USGS National Seismic Hazard Maps) total $50 billion at the 250-year
return period and $150 billion for the 500-year return period. Memphis and surrounding Shelby
County, directly adjacent to the southern end of the NMSZ, have the highest urban economic loss
cost (defined as the average annual loss normalized per thousand dollars of total exposure value)
in the region at $0.52. This value, however, is only 20–25% of the loss cost for Los Angeles and
San Francisco counties, highlighting the contrast in hazard between the New Madrid region and
California in shorter return periods (e.g., less than 100 to 200 years).

Patricia Grossi
Director of Global Earthquake Modeling
RMS
Patricia Grossi, PE, PhD is the Director of Global Earthquake Modeling for Risk Management
Solutions (RMS), Inc., based in Newark, California. In this role, Patricia is responsible for the
strategic management of the RMS global earthquake modeling suite. Prior to this role, Patricia
was the research director at RMS, managing the RMS research publications, which communicate
the impacts of incorporating new scientific information into catastrophe models and the
implications of disasters on risk management and decision-making. Before joining RMS in 2003,
she was an assistant professor at Southern Methodist University’s Edwin L. Cox School of
Business. Patricia has over 15 years of research experience in catastrophe modeling and risk
management, and is a registered civil engineer in the state of California. A member of EERI since
1998, she holds a BS in civil engineering and a PhD in engineering and risk management from
the University of Pennsylvania, and an MS in structural engineering from Stanford University. In
2005, she co-edited and co-authored the book Catastrophe Modeling: A New Approach to
Managing Risk.
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Magnitude 6 Earthquake Scenarios for the
New Madrid-Wabash Valley Region
Oliver Boyd
The impacts of 1811–1812-type New Madrid earthquakes in counties of the CUSEC
States have been estimated in the FEMA Catastrophic Planning Scenario (FEMA CPS) (Elnashai
and others, 2009) and the National Level Exercise 2011 (NLE 11), but in this study, we (the New
Madrid Chapter of EERI) analyze the impact of a set of five moment magnitude (Mw) 6.0 and 6.3
earthquakes in our New Madrid Earthquake Scenarios (NMES) in a region that encompasses the
New Madrid seismic zone (NMSZ) and the Wabash Valley seismic zone (WVSZ). We define the
earthquakes in the scenario as “probable earthquakes” and consider them to be more likely than
infrequent major earthquakes (magnitude 7 or greater). The NMES earthquakes of Mw 6 or
greater have a 35–50% chance of occurring anywhere in the study area within the approximate
lifetime of structures (50 years).
A full spectrum of potential earthquake scenarios exists. Earthquakes from tiny unfelt
events to major earthquakes are possible but have varying degrees of likelihood for both the
NMSZ and WVSZ. Microearthquakes (Mw<3) occur almost daily in the study region, while
major NMSZ events (M>7), as happened in 1811–1812, occur many centuries apart. Moderate
but potentially damaging earthquakes (~M>6—“probable earthquakes”) occur about once per
century. The impacts of moderate events are worthy of study and provide a substantial point of
reference for earthquake preparedness.
We define the hazards from our “probable earthquakes” as the “likely earthquake
hazards”, and we deterministically assessed impacts from either a NMSZ or WVSZ earthquake
scenario for specific sites. The choice of scenario was based on which event produced greater
ground motions at the site. For the NMES sites, we selected: Jackson (Carbondale) and Madison
(St Louis Metropolitan Area) Counties, IL; Vanderburgh County (Evansville), IN; St. Louis City
and County and Scott County (Sikeston), MO; and Shelby County (Memphis), TN.
In our scenarios, NMSZ events have a moment magnitude of 6.3 and can occur anywhere
on the three main active faults of the NMSZ. Events in the WBSZ are assigned a moment
magnitude of 6.0 and occur at the point closest to the NMES site anywhere within or adjacent to
the bounds of the WVSZ (Petersen and others, 2008) but not closer than 30 km. Epicenters for
WVSZ events also had to be near recent seismicity, prior historic earthquakes, or geologic
structures that are possibly associated with active faulting. A Mw 6.0 earthquake is slightly larger
than the largest earthquakes recorded in the WVSZ in the last 50 years.
The scenario earthquake considered for Jackson County, IL is located in the WVSZ in the
southeast corner of Franklin County, just north of the Paleozoic Cottage Grove Fault System and
near historic events and the intersection of two trends of seismicity. The epicenter of the scenario
earthquake considered for Vanderburgh County, IN, is 30 km west of Evansville within the
WVSZ. This event is farther from Evansville than the June 18, 2002, Mw 4.6 Southern Indiana
earthquake. For the St. Louis Metropolitan Area, the scenario’s epicenter is at the closest
approach (about 100 km due east of St Louis) of the WVSZ (in Marion County), due west of the
Du Quoin monocline and historic events (at the boundary of Marion and Clinton Counties). The
scenario’s epicenter for Scott County, MO, is the closest approach of the central arm (Reelfoot
fault) of the NMSZ where focal mechanisms show thrust-faulting deformation. The scenario
earthquake for Shelby County, TN, is located at the closest point to the southwestern (SW)
NMSZ fault.
We consider these earthquake scenarios to represent “likely earthquake hazards”.
Earthquakes having this magnitude or greater have a 35–50 percent probability of occurring
anywhere in the entire source region in the next 50 years, and if one occurs, it will likely have
effects similar to those described in this study for one or more communities, not necessarily the
sites that we target for the NMES study. Peak ground accelerations at our sites for these
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scenarios are between 5 and 40 percent g. For the sites in this study specifically, according to the
USGS National Seismic Hazard Maps (Petersen et al., 2008), there is a 10–20% chance that the
level of strong ground motion produced by these scenario earthquakes will be exceeded in the
next 50 years.
The NMES working group is developing several products to communicate the modeling
results and to assist the public and private sectors to better prepare for earthquakes. We are
releasing online documentation of our models and exploring various means for improving
earthquake resilience in the region. For example, in September 2008, the NMES working group
sponsored a symposium entitled “Seismic Sources (Hazards) in the Central U.S.: Is New Madrid
all there is?” at the Association of Environmental & Engineering Geology Annual Meeting in
New Orleans, LA. In June 2009, the NMES working group hosted a Shlemon Specialty
Conference in Memphis, TN entitled "Advancing New Madrid Region Time History
Determination". The NMES working group is also working with local partners to implement
“Map your Neighborhood”. For additional information, please see
http://www.eeri.org/projects/earthquake-scenarios/new-madrid-earthquake-scenarios/.

Oliver Boyd
Seismologist
USGS
Dr. Oliver Boyd is a Seismologist with the U.S. Geological Survey. Starting with the National
Seismic Hazards Mapping Project in Golden, CO in 2004, he is now with the Central and Eastern
U.S. Seismic Hazards Project in Memphis, TN. He is an Adjunct Professor at the Center for
Earthquake Research and Information at the University of Memphis. Oliver studies many aspects
of earthquake hazards including time-dependent earthquake probabilities, declustering of
foreshocks and aftershocks, and ground motion relationships. He has also helped to update the
New Madrid source and ground motion models for the 2008 update of the National Seismic
Hazard Maps. Other recent projects include a time-dependent seismic hazard map of Alaska and a
seismic hazard analysis of Afghanistan, the latter being done in conjunction with other U.S.
Agency for International Development’s reconstruction efforts in Afghanistan. Prior to joining
the Survey, Oliver obtained his Ph.D. in Geophysics from the University of Colorado at Boulder
where he performed laboratory experiments on seismic wave attenuation and produced and
interpreted tomographic images of seismic wave attenuation and velocity beneath the western
United States. To learn more about Oliver’s background and current work, please visit
http://www.ceri.memphis.edu/people/olboyd/.

285

Resilience Assessed by Comparing Scenarios’ Losses
Robert A. Bauer
The Earthquake Engineering Research Institute (EERI) New Madrid Earthquake
Scenarios (NMES) has been developed by the New Madrid Chapter of EERI to provide a variety
of products for varied user groups based on other possible strong earthquakes in comparison to
previous loss estimations in the area. Three important previous studies are: Evaluating
Earthquake Risk in Mid-American Communities (Olshansky, Wu, and French, 2003), Impact of
New Madrid Seismic Zone Earthquakes on Central USA (Elnashai, et al., 2009) and Risk
Implications of Alternative Views of New Madrid Seismic Hazard (Zoback, Grossi, and
Williams, 2011). The work of Olshansky, Wu, and French (2003) compared loss estimates for
Carbondale, IL and Sikeston, MO for five earthquake magnitudes at varying distances. The
report by Elnashai, et al. (2009) provided new estimation parameters to the evaluation of
catastrophic New Madrid magnitude 7.7 earthquakes for eight states. A similar scenario to the
Elnashai, et al. (2009) work was used internally by the Federal Emergency Management Agency
(FEMA) to model some of the losses for the National Level Exercise 2011 (NLE-11). The source
for the NLE-11 loss estimations was a moment magnitude (MW) 7.7 on the southwest limb of the
New Madrid Seismic Zone (NMSZ).
The NMES used Hazards U.S. (HAZUS, FEMA, 2009) to produce loss estimates in six
Central U.S. regions for possible earthquakes of either MW 6.3 or 6.0 with locations based on
paleoliquefaction studies and historic seismic activity. The impacts of the strong earthquakes of
the EERI New Madrid Earthquake Scenarios (NMES) will be compared to previous studies for
the six regions of Jackson & Madison Counties, IL, Vanderburgh County (Evansville), IN,
McCracken County, KY, St. Louis City & County and Scott County, MO, and Shelby County
(Memphis), TN. For some of these regions, the analysis will show the influence of strong
earthquakes that are located closer than distant possible major events. The products of the loss
estimations should be beneficial to the general public, emergency managers, and businesses.

Robert A. Bauer
Engineering Geologist
Illinois State Geological Survey
Bob Bauer is an engineering geologist with the Illinois State Geological Survey. He works with
the 8 state geological surveys surrounding the New Madrid Seismic Zone to produce maps
showing how much soils will be modified by earthquake ground motions. These have been used
in computer programs to estimate earthquake losses such as the 8 state FEMA New Madrid
Catastrophic Panning Initiative in which he was a member of the scenario committee. He has
also been involved with loss estimates from other catastrophic scenarios for the Illinois
Emergency Management Agency.
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Beyond Impacts: The Use and Benefits of
the EERI New Madrid Earthquake Scenarios
Greg Hempen, PhD, PE, RG
Geophysicist, URS Corporation
greg.hempen@urs.com
The New Madrid Earthquake Scenarios (NMES) has been developed and redefined by its
authors and collaborators over several years. This reporting is the completion of the NMES’
development phase. The intent of the NMES is to provide a web-based resource
(http://www.eeri.org/projects/earthquake-scenarios/new-madrid-earthquake-scenarios/) of
information on earthquake hazards to a broad base of customers. The customers of the NMES are
envisioned as the general public, property owners and business managers, designers of new
structures or structural remedial measures, economic organizations (including financial and
insurance industries and risk portfolio managers), civic planners, emergency managers and
governmental leaders at all levels. The purpose of providing a web-based report is to allow the
customers to readily acquire their desired data and to provide links to important websites of
related or ancillary information. The NMES is based on judgment of facts with varied
confidence. The NMES may be used as an initial assessment (or procedures to follow at other
regional sites that were not studied) in planning for potential earthquake impacts. None of the
report is a conclusive or definitive assessment of the six regional locations.
The NMES compared loss estimates of “likely earthquake” impacts to the loss estimates
of a single, catastrophic event’s (National Level Exercise 2011’s, NLE-11’s, FEMA, 2011)
impacts. The NMES did not consider some moot issues (i.e., the likelihood of, and hazards from,
aftershocks), because no definitive procedures existed to analyze the loss estimation due to those
issues.
The NMES serve its customers with a variety of hazard products and loss estimates
tailored to the classes of customers. Some products have been developed to inform the general
public or specific groups. Some of these products include the Seismic Symposium for Central
U.S. Earthquake Sources (September 2008), Shlemon Specialty Conference on Central U.S. Time
History Determination (June 2010), Daily MMI Impacts Of The 1811-1812 New Madrid
Earthquake Series (Hempen, Cramer & Moran, 2011), and links to various websites. As a public
outreach program of the NMES, our committee is attempting to spread an all-hazard disaster
preparedness and response program to several Central U.S. states. The Missouri Seismic Safety
Commission has endorsed the Map Your Neighborhood Program (Washington State, 2007) for
improving the preparedness and empowering Missouri residents to respond to potential disasters.
An implementation phase is envisioned to continue the benefits of the NMES and to
recognize other important works to improve preparedness and reduce potential seismic impacts in
the region. The NMES’ website will actively add important direct links or the actual documents
to continue to be an informative site for Central U.S. Seismic Hazards.
References
Hempen, G.L., C. Cramer, N. Moran (2011). Daily MMI Impacts Of The 1811-1812 New
Madrid Earthquake Series, abstract and oral presenatation, Seismological Society of America,
Eastern Section Meeting, Little Rock, AR, October 2011, presentation revised into brief movie.
Federal Emergency Management Agency (2011). Input and output files of the Multi-hazard Loss
Estimation Methodology, Earthquake Model, Hazus®–MH MR5, for the National Level Exercise
2011, personal communication with Douglas Bausch, FEMA.
Washington State, Emergency Management Division (2007). Map Your Neighborhood,
Discussion Guide, http://www.emd.wa.gov/myn/index.shtml, 25 pp.
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Building Resilience

Friday, April 13, 2012
10:30 a.m.
PLENARY:

SEISMIC REHABILITATION & RETROFIT OF STRUCTURES IN
THE CENTRAL UNITED STATES
Moderator:

James Beavers
JEB Consultants
Speakers:

Policies, Needs, and Drivers of Retrofit in the CUS:
Don Shaw
Missouri Seismic Safety Committee

Retrofit & Preservation of the National Civil Rights Museum, Memphis:
Rich Howe
R. W. Howe & Associates

Seismic Retrofitting in the Central United States ―
A Federal Perspective:
Mike Mahoney
FEMA
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James E. Beavers
Consultant
JEB Consultants
James E. Beavers, Ph.D., P.E. is the sole proprietor of James E Beavers Consultants (JEBc), a
consulting engineering firm in Knoxville, TN specializing in structural engineering, and natural
and technological hazards. Dr. Beavers has more than 35 years of experience as a university
professor, private consultant, corporate manager, author, and editor. He was founder and coeditor of Natural Hazards Review, a journal of the American Society of Civil Engineers (ASCE).
In addition, he has served on more than 80 national committees, authored or coauthored more
than 200 papers, and participated in professional exchange programs with Russia, China, India,
and Australia. In 2007, he received the Duke Lifeline Earthquake Engineering Award from
ASCE. In 1990 he was appointed Corporate Fellow at Martin Marietta Energy Systems for
outstanding service and contributions to the national and international scientific and engineering
community and for exemplary leadership. In 1993 he was awarded the Professional Engineering
Degree of Civil Engineering by the Missouri University of Science and Technology. Dr. Beavers
also has a B.S. degree in Civil Engineering from Missouri University of Science and Technology
and M.S. and Ph.D. degrees in Civil Engineering from Vanderbilt University.
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Retrofit and Preservation of the
National Civil Rights Museum – Memphis
Richard W. Howe
Presentation will address one of the few seismic retrofits of an existing URM in Memphis (and
the Central U.S.) and address the special conditions and challenges presented by this most
unusual property. The project featured URM seismic retrofit ahead of its time (constructed in
2001) notably spearheaded by Museum sponsorship of the Hyde Foundation (whose principals
also fostered seismic base isolation of AutoZone Corporate Headquarters). Notable project
features included: a National Register historic property; national museum occupancy with
delicate historical context and exhibits; party wall construction with another adjacent owner and
associated liabilities; replacement of primary structural frame for owned portion of property;
highly perforated URM walls; basement mat foundations; limited budget and sensitivities for
sophisticated structural/seismic analysis and design; and consideration and implementation of
creative and advanced technologies – all making this a unique project, especially for a central
U.S. context.

Richard W. Howe
Structural/Seismic Risk Consultant
Memphis, TN
Richard Howe is a consultant and speaker/presenter on seismic codes and standards and seismic
risk management. He has been the structural engineer of record on projects in more than 40 states.
His Memphis-area projects with high seismic design requirements include the following:
• AutoZone Corporate Headquarters (first seismically base-isolated building in Central and
Eastern US)
• AutoZone Park Baseball Stadium
• FedEx Forum NBA Arena (foundations and substructure)
• Regional Biocontainment Laboratory for University of Tennessee/National Institute of
Health
• National Civil Rights Museum (seismic retrofit)
His seismic risk assessment and risk mitigation projects include the following
• New Dallas Cowboys Football Stadium – Arlington, TX
• Memphis International Airport (w/Thornton Tomasetti/Irvine, CA)
• Memphis Light Gas & Water Division (Electric, Water, and Gas Operations) – MultiHazard Risk Assessment for Seismic, Wind, Ice, Flood
• Numerous seismic risk assessments for Memphis area facilities
o FedEx Data Centers/IT Operations (w/EQE)
o St Jude Children’s Research Hospital Campus and Data Center
o International Paper Company Corporate Headquarters
o Hilton Hotels Corporation Data Center
o International Paper Co Data Center
He earned his BS (math and physics), BSCE (structures) and MSCE (structures and foundations)
degrees from Cornell University, the University of Tennessee, and the University of Memphis,
respectively.
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Seismic Retrofitting in the Central United States –
A Federal Perspective
Michael Mahoney
Making improvements to existing buildings to improve their performance in earthquakes, also
known as seismic retrofitting, is often seen as too complicated and therefore expensive to many
building owners. Establishing a federal program to encourage seismic retrofitting has been one of
the objectives of the National Earthquake Hazards Reduction Program (NEHRP), which is the
Federal Government’s coordinated approach to addressing earthquake risks. The premise of the
Program is that while earthquakes may be inevitable, earthquake disasters are not. FEMA is
responsible for implementation of the program at the state and local level. While NEHRP has
devoted much of its resources to addressing the issue of existing buildings and the risk they
present, much still needs to be done. This presentation is based on the premise that a seismic
retrofitting program is not one size fits all; an effective program needs to take into account the
regional seismicity, regional building practices and other characteristics. Specifically for the
Central US, earthquakes can actually be more powerful than those on the west coast, but occur far
more infrequently. It is that lack of frequency that makes it more difficult to raise awareness and
justify seismic retrofitting. A Central US existing buildings program needs to take into account
that lack of frequency by including other strategies, such as encouraging the adoption and
enforcement of suitable building codes for new buildings that will replace older buildings as they
reach the end of their useful lives, the use of incremental seismic retrofitting to target specific
risks, the use of new retrofitting schemes such as the new FEMA P-807 that focuses on just
strengthening the first weak story, and encouraging non-structural mitigation.

Michael Mahoney
Senior Geophysicist
Building Science Branch, FEMA
Michael Mahoney is a Senior Geophysicist with the Federal Emergency Management Agency’s,
Building Science Branch. Since 1991, he has led FEMA’s seismic problem-focused studies,
which investigates a variety of earthquake-related issues to develop design and construction
guidance under the National Earthquake Hazards Reduction Program (NEHRP). This work
currently includes the development of FEMA P-58 Performance-Based Seismic Design
Guidelines, FEMA P-695 Quantification of Building Seismic Performance Factors, and the
FEMA Steel Moment Frame Buildings Project, which addressed their unanticipated performance
in the 1994 Northridge earthquake. Mr. Mahoney is also responsible for FEMA’s earthquakerelated work with the International Codes and serves as FEMA’s headquarters representative to
the National Tsunami Hazard Mitigation Program. From 1984 to 1991, he served as Physical
Scientist for FEMA’s Technical Standards Branch, where he was responsible for the flood
resistant building criteria under the National Flood Insurance Program. Prior to joining FEMA in
1984, he worked as a Loss Prevention Consultant for FM Global. He has a Master’s degree in
physics from Kent State University and a Bachelor of Science degree in physics from Grove City
College.
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Earthquake Spectra Outstanding Paper Award

Kishor Jaiswal and David Wald
“An Empirical Model for Global Earthquake Fatality Estimation”
Volume 26, No. 4 (December 2010), pp. 1017-1037.

The Earthquake Spectra Editorial Board agreed that this work introduces a new
approach for calculating an earthquake fatality rate which is expressed as a
function of macroseismic intensity — a spatially varying parameter and indicator
of direct impact of ground motion on the built environment — hence avoiding
the limitations of previously derived and employed magnitude-based empirical
loss models, which were generally less effective in capturing spatial variability of
exposure and associated losses. The work was judged to be of high scientific
quality and extremely well presented as well as informative for a broader
audience. The Editorial Board believes it likely to have a significant impact,
given that the developed model is already used in both pre- and post-event
earthquake casualty estimations (e.g., PAGER and other systems), in turn used in
risk mitigation campaigns or disaster management efforts, respectively. It
produces a useful and easily implementable tool for estimating the most
important losses from scenario earthquakes.
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2011 Annual Graphics Competition
First Place:
Guillaume Roux-Fouillet
Swiss Agency for Development and Cooperation (SDC)
Center De Competence Reconstruction En Haiti (CCR)
for Haiti Seismic Resilience Calendar, with 15 themes,
essential to improve construction quality, presented on
separate pages

Second Place:
Carlos Sousa Oliveira
with Hugo O'Neill (graphic artist) and
Monica Amaral Ferreira (contributor)
Instituto Superior Tecnico, Lisbon, Portugal,
for graphic used in research project,
“Seismic Risk in Urban Systems”

Third Place:

Brad Fleming
Iowa State University, Ames,
for a video promoting understanding of the
performance of piles in soft clay, a project of the
Network for Earthquake Engineering Simulation
(NEES).

More information on all submissions will be available in the near future at
http://www.eeri.org/about-eeri/honors-awards/eeri-competitions/annual-graphics-competition-winners/
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2012 William B. Joyner Memorial Lecture

BUILDING NEAR FAULTS
Jonathan D. Bray
Designing facilities very near active faults presents unique challenges that require an
interdisciplinary approach. Sound engineering and earth science principles can be employed to
address the hazards associated with surface fault rupture and near-fault ground shaking. Robust
procedures exist for evaluating the consequences of permanent and transient ground movements.
Whereas their use in designing systems to accommodate ground movements due to a variety of
phenomena is widely accepted, their use in areas containing surface traces of active faults is often
questioned, even when the anticipated ground movements are minimal. Active faults cannot
always be avoided, nor should they be avoided when their hazard is far less than other hazards.
We can live with the earth’s faults.

Jonathan Bray
Professor, University of California, Berkeley
Jonathan Bray is a Professor of Geotechnical Engineering at the University of California,
Berkeley. He earned engineering degrees from West Point (B.S.), Stanford University (M.S.), and
U. C. Berkeley (Ph.D.). He has been a registered professional civil engineer since 1985, and he
has served as a consultant on several key engineering projects, peer review panels, and legal
cases. Prof. Bray has authored more than 250 research publications. His expertise includes
surface fault rupture, ground motions, liquefaction, seismic slope stability, and post-earthquake
reconnaissance. He has earned several honors, including the Prakash Research Award, ASCE
Huber Research Prize, Packard Foundation Fellowship, and NSF Presidential Young Investigator
Award.
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Building Resilience

Friday, April 13, 2012
2:00 p.m.
PLENARY:

CREATING SAFE SCHOOLS
Moderator:

Philip Gould
Washington University
Speakers:

Disaster-Proof Schools: A National Challenge:
Nancy Bailey, Writer
Barry Welliver, BHW Engineers
Edward Wolf, Writer
Oregon Schools: Accelerating Seismic School Safety:
Yumei Wang
Oregon DOGAMI

Providing Safe Schools for our Students: Washington State
Seismic Safety Committee School Assessment Pilot Project:
Cale Ash, Degenkolb Engineers
John Schelling, WEMD
Life-Safety Risks to Schools from Earthquake Damage
to Nonstructural Components and Systems:
Michael Griffin
CCS Group

Earthquake Mitigation Grant:
Nicholas Thiele
Bloomfield (Missouri) R-13 School District
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Phillip Gould
Senior Professor
Phillip L. Gould joined Washington University in 1966 after completing his B.S. and M.S at the
University of Illinois, enjoying a short but rewarding career as a structural engineer, and finishing
doctoral studies at Northwestern University. He was the Harold D. Jolley Professor of Civil
Engineering from 1981 until 2010, served as department chair for 20 years and is now a Senior
Professor. He is the founding editor of the journal, Engineering Structures, and continues as
Editor-in-Chief.
Dr. Gould’s research activities have centered on shell analysis with applications to finite element
modeling, biomedical engineering, earthquake engineering, and the structural design of thin-shell
structures. Dr. Gould is the author of numerous papers and several books in the fields of thin shell
analysis; earthquake and wind engineering; introductory elasticity; and finite element analysis. In
the American Society of Civil Engineers, Dr. Gould has served on several national and regional
committees including the Committee on Special Structures and the joint ACI-ASCE Committee
on Thin Shell Design, heading the subcommittee that wrote the recommended practice for the
design and construction of hyperbolic cooling towers that provides the only consensus document
for building these large thin shells in the U.S. He represented ASCE on the committee that
developed the FEMA documents that became ASCE/SEI Standard 41-06 for the rehabilitation of
existing buildings and is currently an Associate Member of the successor ASCE/SEI committee
charged with updating this standard. Among his achievements within the St. Louis Section of
ASCE were the successful leadership of coalitions to support anti-boycott legislation, and later to
promote enforcement of the previously ignored seismic provisions of the BOCA code in the St.
Louis region.
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Disaster-Proof Schools: A National Challenge
Nancy Bailey, Barry Welliver, and Edward Wolf
For millions of American students, disaster preparedness means safety drills like last year’s Great
Central U.S. ShakeOut. On Thursday, April 28, 2011, more than three million people across an
11-state region – including tens of thousands of students in Memphis – dropped, covered, and
held on in a drill that marked the bicentennial of the New Madrid earthquakes. Large numbers
drilled in buildings that have never been strengthened to withstand earthquake shaking. With risks
judged great enough to engage millions in multi-state safety drills, isn’t it time for state legislators
who mandate school attendance to fund and fix schools with deadly defects? We review progress
and obstacles to disaster-proof schools in three U.S. regions: the Mid-South, the Wasatch Front of
Utah, and the Pacific Northwest.

Nancy Bailey
Writer
Nancy Bailey, a former special education teacher and school principal, has worked with Dr. Jim
Dorman, former director of the Center for Earthquake Research and Information, to bring
attention to the seismic safety of schools in the Memphis metro area. Her writing on earthquakesafe schools includes “Earthquakes Threaten Many American Schools,” in the April 2010 edition
of the Phi Delta Kappan, a national magazine for K-12 educators. Bailey holds a Ph.D. in
Educational Leadership from Florida State University.

Barry Welliver
Principal
BHW Engineers L.L.C
Barry Welliver, a licensed structural engineer with offices in California, Utah, and Oregon,
specializes in the rehabilitation of existing buildings. He has served the Structural Engineers
Association of Utah (SEAU) as chair of several committees and as a past president. He served the
Utah Seismic Safety Commission as a delegate from SEAU and as chairman from 2002-2006.
Barry helped author the Federal Emergency Management document Engineering Guideline for
Incremental Seismic Rehabilitation (FEMA P-420, May 2009). He advocates legislation to
perform rapid visual screening of all public schools in Utah.

Edward Wolf
Writer
Edward Wolf is a writer with special interest in seismic resilience, sustainability, and natural
history. He is a contributing author of Worldchanging: A User’s Guide for the Twenty-First
Century (Abrams, 2006 and 2011), and has written on seismic resilience for The Oregonian,
Sustainable Business Oregon, and the Cascadia Green Building Council. He serves on an
advisory committee on Long-Term Facilities Planning for Portland Public Schools. He has a B.A.
in biology from Williams College and an M.F.R. in forest ecosystem management from the
University of Washington.
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OREGON SCHOOLS: ACCELERATING
SEISMIC SCHOOL SAFETY
Yumei Wang
Over 300,000 Oregon students are attending nearly 650 schools that have a high collapse
potential in a major earthquake. A searchable online database with seismic scores, including
collapse potential, of all pre-1994 schools have been available since 2007
(http://www.oregongeology.org/sub/projects/rvs/default.htm and
http://www.ode.state.or.us/go/quakesafeschools/). In 2009, Oregon launched a state-funded
seismic retrofit grant program to help protect students. This innovative program
(http://www.oregon.gov/OMD/OEM/plans_train/SRGP.shtml), which requires applications to
include benefit cost analyses to ensure cost effectiveness, has funded 15 schools to increase life
safety for over 6,000 students and create 150 jobs. Exciting new developments involve a 2012
law to increase seismic transparency and accountability, increased citizen awareness following
the 3.11 Japan disaster, parent advocacy efforts, and engineers volunteering to work with school
districts. Progress and obstacles on mitigating collapse-prone schools and future steps needed are
reviewed.

Yumei Wang
Geohazards Engineer
Oregon Department of Geology and Mineral Industries
YUMEI WANG is a geohazards engineer with the Oregon Department of Geology and Mineral
Industries, where her work focuses on lowering risks from earthquakes, tsunamis, and landslides.
She has taken part in post-earthquake damage assessments in Chile, China, and Japan. Her
current priorities include statewide earthquake risk assessment, the design of North America’s
first tsunami shelter, and efforts to implement innovative policies to manage earthquake risks,
including Oregon’s unique seismic retrofit grant program. Since 2007 she has served on the
National Earthquake Hazard Reduction Program’s Advisory Committee on Earthquake Hazards
Reduction. Wang has an MS in Civil Engineering from the University of California, Berkeley and
a BA in Geological Sciences from the University of California, Santa Barbara.
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Providing Safe Schools for our Students: Washington State
Seismic Safety Committee School Assessment Pilot Project
John D. Schelling & Cale Ash
With its unique geographic and geologic location along the Pacific Rim, the State of Washington
is situated within an area of high seismic hazard. In fact, the Federal Emergency Management
Agency (FEMA) ranks Washington second in the nation for annualized earthquake losses only
behind the State of California (source: FEMA 366). This earthquake hazard was experienced
most recently by the region on February 28, 2001 when the M6.8 Nisqually Earthquake caused
significant damage from the Puget Sound to Walla Walla.
Moreover, Washington State has not been exempt from earthquake damage to school buildings. In
1949, a large earthquake collapsed the gymnasium roof at Puyallup High School. The earth-quake
occurred at 11:58 a.m., and the gym had just been vacated by students for lunch. Fortun-ately, many
school districts, including Puyallup and Seattle, were on spring break at the time or the casualties
might have been greater. At Castle Rock High School, however, falling masonry killed the student
body president as he tried to escape from the building. Another student was killed by falling bricks
at Lowell Grammar School in Tacoma (Seattle Post-Intelligencer, April 14, 1949)
As understanding of the earthquake threat to the Pacific Northwest region continues to evolve, the
need to remain vigilant to the risks that these natural hazards pose, especially to our State’s most
valuable assets, our children, is essential.
A goal that has been on the horizon for several Washington State agencies, including but not limited
to the Emergency Management Division (EMD), Department of Natural Resources (DNR), the
Office of Superintendent of Public Instruction (OSPI), and Washington State’s Seismic Safety
Committee is to systematically evaluate all public school buildings and critical facilities within the
Washington in order to establish the seismic risk for each. While few in-dividual school districts
have completed such assessments, there has been no consistent, compre-hensive statewide
approach. Using a consistent approach will allow for the prioritization of structures in need of
seismic retrofitting across the state and permit a strategic, targeted approach for alleviating the risk
of potentially dangerous structures and better protecting children in schools.
In late 2009, the aforementioned agencies, with funding support from FEMA through the
National Earthquake Hazard Reduction Program (NEHRP), initiated a pilot project to evaluate
school buildings in two school districts, Walla Walla Public Schools and the Aberdeen School
District. Local emergency managers from Grays Harbor County and Walla Walla County
participated in the process and included the school districts in their Hazard Mitigation Plan update
process, thus enabling the districts to become eligible for FEMA grant funding through the PreDisaster Mitigation (PDM) and Hazard Mitigation Grant Program (HMGP).
The building assessment component was conducted using ASCE 31 – Seismic Evaluation of
Existing Buildings, published by the American Society of Civil Engineers. Volunteer structural
engineers from the Structural Engineers Association of Washington (SEAW) conducted Tier 1
structural evaluations for Life Safety performance level. Volunteers from the Washington Association of Building Officials (WABO) conducted Tier 1 evaluations of non-structural elements.
To get a true picture of risk for a particular school site, staff from the Washington Department of
Natural Resources used non-invasive methods that assessed the physical site characteristics by
measuring shear wave velocities for the upper 30m of soil. DNR staff then input the identified
building and soil characteristics in to FEMA’s loss estimation modeling program, Hazards United
States (HAZUS) in order to permit a rank ordering of potential seismic risk. Overall, this new
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comprehensive method provides in-depth information that local decision makers can use.
Performance for each specific school structure was evaluated against a ‘building code’ design
earthquake from the estimated strength of ground shaking using the National Seismic Hazard
Map by the U.S. Geological Survey (Frankel and others, 2002) as well as a deterministic scenario
earthquake based on ground motion modeling U.S. Geological Survey (Frankel and others, 2010)
Upon completion of this pilot project, participating districts were provided with a study report
that details the findings for each school facility as well as provides an ordered list of structures
that have identified deficiencies. Many of the school buildings did not meet the Life Safety
performance objective and most contained non-structural hazards that represent a risk to the
students and other staff.
This methodology developed by this pilot project has the potential for widespread
implementation, whether at the state or district level. The results of the current study are being
used by the school districts to strongly justify applications for FEMA grant funding through the
PDM and HMGP programs to seismically retrofit deficient structures, thus alleviating some of the
local costs that would be incurred.

Cale Ash
Associate Principal
Degenkolb Engineers
Cale Ash, P.E., S.E., is an Associate Principal with Degenkolb Engineers in Seattle. He joined
Degenkolb in 2003 after receiving his BSCE and MSCE degrees from the University of Illinois at
Urbana-Champaign. Cale’s work at Degenkolb has focused on the seismic evaluation and
rehabilitation of existing buildings. Notable projects include seismic rehabilitation design for four
buildings at the Department of Veterans Affairs Seattle campus and a detailed seismic evaluation
of the historic Ahwahnee Hotel in Yosemite National Park. Cale is currently the President of the
Cascadia Region Earthquake Workgroup and past chair of their Education & Outreach
Committee. He is Vice President of the Seattle Chapter of the Structural Engineers Association of
Washington and chair of their Public Information Committee. He has been a member of the
Earthquake Engineering Research Institute since 2005.

John D. Schelling
Earthquake/Tsunami Program Manager
Washington State Emergency Management Division
John D. Schelling is the Earthquake/Tsunami Program Manager for Washington State Emergency
Management Division. He is responsible for managing the seismic and natural hazard safety
efforts in the state through the earthquake, tsunami, and volcano programs. He staffs the
Washington State Seismic Safety Committee, Chairs the State/Local Tsunami Work Group,
which coordinates efforts to improve tsunami preparedness and mitigation efforts in tsunami
hazard zones, and is currently serving as the State Co-Chair of the National Tsunami Hazard
Mitigation Program’s Mitigation & Education Subcommittee. John also represents the National
Emergency Management Association on the USGS Advanced National Seismic System Steering
Committee. In addition to emergency management expertise, John has an extensive background
in state and local government with an emphasis on policy analysis, land use planning, and
implementation of smart growth management strategies. He has served as the Director of
Planning and Community Development for the coastal community of Long Beach, Washington,
Senior Planner for the City of SeaTac, Washington, and Principal Planner for the City of Pinellas
Park, Florida. John received his Bachelor of Science degree from the University of West Florida
and Master’s Degree from the University of South Florida.
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Life-Safety Risks to Schools from Earthquake Damage to
NonStructural Components and Systems
Michael J. Griffin
It is the community expectation that 1) our schools provide safe environments for children and
staff to learn and work, and 2) in time of need would be an available resource for sheltering in
times of community need due to displacement of community residents from damage realized
during extreme wind storms, ice storms - loss of power (no heat) and certainly earthquakes
affecting the Central US and other earthquake prone regions of the country. The International
Building Code (now in its 2009 edition), and the attendant structural design standard ASCE 7-05
“Minimum Design Levels for Buildings and Other Structures” provides the structural criteria for
buildings, as well as the seismic design requirements for nonstructural components, equipment,
and systems. Historically the building structure has received the majority of design attention with
regard to improving seismic safety. This is clearly evident in recent earthquakes where the
earthquake performance of new buildings has been very good. However, continued high damage
losses and life safety risks (deaths and injuries) continue to persist with the spot light shifting to
the broad area of nonstructural components, equipment, systems and contents attached to or
contained within the building structure. Recent earthquakes (New Zealand, Chile, and
Northridge) have demonstrated that significant damage to nonstructural components continues to
occur and much of the damage presents life safety risks to building occupants. Specifically, this
lack of design and construction attention for nonstructural components, particularly outside of
more earthquake aware regions of the country, places a significant risk to children and staff
within our schools even at low and moderate levels of earthquake ground shaking where the
building structure would be undamaged. This session presents a brief look at historical
nonstructural component earthquake performance, life safety impacts on schools (children, staff
and community) and cost-effective mitigation opportunities available to improve the performance
of schools subjected to earthquake shaking.

Michael J. Griffin
Principal
CCS Group, Inc.
Mr. Griffin is a Principal and partner in CCS Group, Inc. in Chesterfield, MO and has over thirty
years of extensive experience in the assessment of natural hazards for structures and nonstructural
components, equipment and systems. He is considered an industry expert and has worked
extensively in the Midwest, west coast and Puerto Rico performing earthquake risk assessments
and subsequent structural strengthening designs to mitigate the risk to buildings and nonstructural
equipment and systems. Industries include commercial, educational, historic, infrastructure,
industrial, religious, healthcare and residential. Mr. Griffin has authored numerous papers
addressing the earthquake risk to nonstructural equipment and systems and has served on several
projects associate with the seismic performance of nonstructural equipment and systems. These
include ATC-58-1 Project Steering Committee “Development of Performance-Based Seismic
Design Guidelines”; ATC-69-1 Project Review Panel “Update of FEMA 74, Reducing the Risks
of Nonstructural Earthquake Damage – A Practical Guide”; and was recently appointed and
currently working on the ATC-71-4 Project Management Committee “Update of Rapid Visual
Screening Guidelines (FEMA 154).” He also has an extensive background in conducting postearthquake and hurricane damage investigations, as well as being a key investigator for the
development of Earthquake Experience Data for the assessment and mitigation of risk to
buildings, nonstructural equipment and systems. He has both a Masters and Bachelor degrees
from the University of California, Irvine, and he is registered as a licensed Professional Engineer
in seven states. He is also member of EERI’s New Madrid Chapter.
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Earthquake Mitigation Grant
Nicholas Thiele
Learn how the Bloomfield Elementary School in Southeast Missouri re-examined
their earthquake preparedness and implemented additional safety measures through an
Earthquake Mitigation Grant sponsored by FEMA and the Missouri SEMA. Activities
included an engineers’ inspection of the school building, awareness training for students
and staff and installation of safety harnesses in computer labs, automatic gas valve shutoff, trophy case stabilization and library shelving upgrades.

Nicholas Thiele
Superintendent,
Bloomfield R-XIV School District, Bloomfield, MO.
RR 2 Box 1605, Marble Hill, Missouri 63764
573-568-4564 (Office) 573-238-6952 (Cell)
njthiele@gmail.com

Nicholas Thiele has been Superintendent of Bloomfield R-XIV Schools since July 2008. He had
previously served as Superintendent in two other school districts in Missouri over the previous 14
years. His educational philosophy is that all students have the ability to learn. The unique
differences among students require a variety of accommodations to the learning environment to
ensure maximum educational benefit. Students need instruction relevant to their unique
personality, background and career goals. An effective educator willingly provides an
atmosphere of safety and trust and allows for individual learning styles. Students must receive
motivation to learn and opportunities for personal expression, creativity and problem-solving.
Community support of student learning needs and tolerance of student differences are essential
for the success of the school.
Dr. Thiele earned an Ed. S. degree in Educational Administration from Southeast Missouri State
University in 1996 and an Ed. D. in Educational Leadership and Administration from Saint Louis
University in 2006.
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CLOSING KEYNOTE ADDRESS

John R. Hayes, Jr. ("Jack")
NEHRP Director,
National Institute of Standards and Technology (NIST)
100 Bureau Drive, MS 8610 Gaithersburg, MD 20899
(301) 975-5640 y jack.hayes@nist.gov
Jack Hayes joined the Building and Fire Research Laboratory in early 2006. He is the Director of
NEHRP. NEHRP is the federal government's program to reduce risks to life and property from
earthquakes. NEHRP consists of four federal agencies: FEMA, NSF, USGS, and NIST. As
director, Hayes provides overall program management, coordination and technical leadership;
strengthens program effectiveness by facilitating implementation of earthquake risk mitigation
measures; and builds and maintains effective partnerships with NEHRP agencies and stakeholders in industry, academia and government. Specific duties include strategic and management
plan development and implementation; program evaluation and performance measurement;
budget review, guidance and coordination; preparation and submission of coordinated annual
program budgets; submission of an annual report to Congress on consolidated program priorities,
budget and results, including an assessment of program effectiveness; information dissemination
on earthquake hazards and loss-reduction measures; and related interagency programs and
policies. Hayes is also responsible for leading the NIST Earthquake Risk Reduction R&D
program, which combines in-house and extramural expertise to address key research and
knowledge transfer issues in the earthquake engineering field.
Hayes joined NIST after serving from 1988 until 2006 as leader of seismic and structural
engineering research at the U.S. Army Engineer Research and Development Center's Construction Engineering Research Laboratory (CERL) in Champaign, IL. At CERL, Hayes was actively
involved in earthquake engineering research for the U.S. Army Corps of Engineers. He also
collaborated with earthquake engineering program managers at NSF, including work within the
Mid-America Earthquake Center, and was directly involved with a number of significant earthquake mitigation projects for FEMA. Hayes participated in developing the seismic provisions for
the American Society of Civil Engineers' ASCE 7-05 standard, and he served as editor and lead
author on the Department of Defense tri-services seismic design manual, UFC 3-310-04, that was
released in 2007.
Prior to his tenure at CERL, Hayes was Research Civil Engineer and Senior Scientist at the
Engineering Research Division of the U.S. Air Force Engineering and Services Laboratory (19841988); Structural Engineer at the U.S. Air Force Armament Division (1982-1984); Assistant
Professor of Civil Engineering at the Virginia Military Institute (1980-1982); Civil Engineer and
NATO Infrastructure Staff Officer at the Headquarters U.S. Air Forces in Europe (1977-1980);
and Civil Engineer Officer at Tinker AFB, OK (1975-1977).
Hayes is a retired Lieutenant Colonel in the U.S. Air Force Reserves and is a registered
Professional Engineer in Virginia.

Education:
Ph.D. Civil Engineering, 1998, University of Illinois at Urbana-Champaign
M.E. Civil Engineering, 1975, University of Virginia (Tau Beta Pi)
B.S. Civil Engineering, 1973, Virginia Military Institute (Distinguished Graduate)
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Field Trip: Tour of Major Facilities in Downtown Memphis
Friday, April 13, 2011
4:00 – 8:45 pm
Experience a tour of major facilities in downtown Memphis that have been designed or retrofitted for
earthquakes, including first hand observation of the site and structural modifications related to the $25
million retrofit of the Memphis Pyramid. Tours will be led by some of the area’s top structural engineers
and architects. All tour sites are located in the downtown area.
Sponsorship from the West Tennessee Seismic Safety Commission and the University of Memphis Center
for Earthquake Research and Information will allow the group to tour the following facilities followed by
a reception at the Downtown University of Memphis Law Department Building. Two presentations
related to seismic retrofit of critical facilities in the Memphis area will be given at the reception followed
by Q and A with field trip presenters.
4:00 - 4:45. AutoZone Headquarters Building, 123 South Front Street. The first base isolated structure
east of the Mississippi. Led by Autozone’s Michael Schoenberg and Rick Howe, structural engineer of
record for this project.
http://www.bizjournals.com/memphis/print-edition/2011/05/13/autozone-hq-holds-title-asmost.html?page=all
5:00 – 6:00. The Memphis Pyramid, One Auction Avenue. Overview of structural and site
modifications to address seismic performance. One of the largest seismic building retrofit projects in the
eastern U.S. Tour leader: Tom Marshall of O.T. Marshall Architects
http://www.commercialappeal.com/news/2011/aug/17/transformation/?print=1
6:15 -7:00. The University of Memphis Law Department Building, One North Front Street.
Discussion of the limited seismic retrofit of a 4 story unreinforced masonry structure that has won awards
from the American Concrete Institute for its innovative use of shotcrete in shear wall applications.
http://www.memphis.edu/law/presskit/Law_School_Press_Kit.pdf
7:00 – 8:30. The University of Memphis Law Department Building, One North Front Street.
Two additional presentations focused on seismic retrofit of critical facilities and structures in the
Memphis area will be given followed by a reception sponsored by the West TN Seismic Safety
Commission. Presentations by: Jay Stressel, Memphis Light Gas and Water: Building a Retrofit Strategy
for Memphis Utilities and Fred Stephenson, TRC and Associates: Retrofit of the Memphis Hernando
Desoto (I-40) Bridge.
The bus will return to the Peabody at 8:45 P.M.
Participation is limited to 45.
THE FIELD TRIP IS FULL.
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