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
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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
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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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Wednesday, April 11, 2012
9:00 a.m.
PLENARY

LESSONS FROM RECENT EARTHQUAKES, PART 1:
Seismology, Tsunami, & Geotechnical Engineering
Moderator:

David Applegate
USGS
Speakers:

The Handwriting on the Wall:
Seismological Lessons from Recent Earthquakes:
David J. 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
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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.

43

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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Learning from Earthquakes

Wednesday, April 11, 2012
10:30 a.m.
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 Massachusettes

Earthquakes of 1811-1812:
Gary Patterson
University of Memphis

The New Madrid Earthquakes Bicentennial: A Teachable Moment?
Chris Cramer
University of Memphis
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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.

54

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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LESSONS FROM RECENT EARTHQUAKES, PART 2:
Built environment, Preparation and Response,
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Preparedness and Response Lessons:
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FAIA
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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.
61

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.

62

Learning from Earthquakes

Wednesday, April 11, 2012
3:30 p.m.
Venetian Room
Concurrent Session

URM PERFORMANCE IN RECENT EARTHQUAKES
Moderator:

Daniel 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

63

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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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:
Yumei 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

70

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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Ian Buckle
Director of the Center for Civil Engineering Earthquake Research
University of Nevada, Reno
Ian Buckle is the director of the Center for Civil Engineering Earthquake Research and professor
of civil engineering at the University of Nevada, Reno. He has previously served as Deputy ViceChancellor (Research), University of Auckland, New Zealand, and as Deputy Director of the
National Center for Earthquake Engineering Research, University at Buffalo, New York (now the
Multidisciplinary Center for Extreme Events Research).
Dr. Buckle is also the director of the Large-Scale Structures Laboratory at Reno, which houses a
multiple shake table array, one of the fourteen Equipment Sites established in 2004 by the
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
isolation of highway bridges.
He is the lead author of the seismic provisions in the AASHTO LRFD Comprehensive Bridge
Specifications (1998, 2007), the AASHTO Guide Specifications for Seismic Isolation Design
(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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Judith Mitrani-Reiser
Assistant Professor of Civil Engineering
Johns Hopkins University
Judith Mitrani-Reiser is an Assistant Professor of Civil Engineering and the Director of the
Sensor Technology and Infrastructure Risk Mitigation (STIRM) Laboratory at Johns Hopkins
University. She received a B.S. in Civil Engineering from the University of Florida, an M.S. in
Civil Engineering from the University of California, Berkeley, and a Ph.D. in Applied Mechanics
from Caltech.
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
management and policy making, and the interaction of humans with the built environment. Her
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
Project, as well as professional engineers and architects. She has also consulted for the Applied
Technology Council (ATC) on their development of the "Next Generation Guidelines for Seismic
Performance Assessment of Buildings."
Dr. Mitrani-Reiser is a member of the American Society of Civil Engineers (ASCE), the
Earthquake Engineering Research Institute (EERI), and the Society of Risk Analysis (SRA). She
is the Secretary for ASCE’s Subcommittee on Multi-Hazard Mitigation and a founding member
of the SEI’s Young Professionals Committee. She is currently the faculty advisor for the Society
of Professional Hispanic Engineers and is the founder of the Postdoctoral Association at Johns
Hopkins University.
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Marjorie Greene
Special Projects Manager
EERI
Marjorie Greene is an urban planner with a thirty-plus year career working with hazards,
primarily earthquakes. She worked for 10 years as a research scientist at Battelle Human Affairs
Research Centers in Seattle, working on various U.S. National Science Foundation-funded social
science research projects related to natural hazards. After two years living in Skopje, Macedonia,
she returned to the U.S. to begin work at the Bay Area Regional Earthquake Preparedness Project,
a project of the California state government to provide technical assistance and planning support
to local governments in the Bay Area as they developed earthquake mitigation and preparedness
programs. Since 1994 she has worked at EERI where she is the Special Projects Manager. With
degrees from the University of California, Davis and the University of Washington, she currently
oversees several projects including EERI’s Learning from Earthquakes Program. She is the vicechair of the California Earthquake Clearinghouse, a consortium of state and federal agencies
coordinating post-earthquake engineering and scientific field investigations.
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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
USGS
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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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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Charles K. Huyck
Executive Vice President
ImageCat
As a founding partner of ImageCat, Mr. Huyck has been instrumental in developing operational
strategies for spatial technologies. He directs a team of engineers, scientists, and programmers
developing software tools and data processing algorithms for loss estimation and risk assessment.
He has over 20 years of GIS analysis and application development experience integrating
advanced geospatial technologies into disaster simulation tools and CAT modeling programs. He
is known for results-oriented and novel solutions to complex spatial modeling problems,
including extracting damage estimates and building inventories from satellite imagery, migration
of CAT models to an online environment, integration of transportation and lifelines vulnerability
into GIS network analysis, and integrating social networking platforms into real time online loss
estimation programs. He introduced GIS and Remote Sensing to EQE International, where he
served as GIS Programmer Analyst on several loss estimation and research projects. At the
California Governor’s Office of Emergency services, he was responsible for geospatial analysis,
database development, and mapping disaster information for the Northridge Earthquake,
California winter Storms, and California fire storms. He has authored over 60 papers on risk
modeling with GIS and remote sensing, and has overseen or directly contributed to dozens of GIS
applications for risk assessment or inventory development, including VIEWS, InLET, REDARS,
GEM IDCT (Inventory Data Collection Toolkit), HAZUS MH™ and EPEDAT.
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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

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
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professional engineering in the state of Virginia, and is an honorably discharged veteran of the
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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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Earthquake, the M6.9 2008 Iwate-Miyagi, Japan Earthquake and the M8.0 2007 Pisco, Peru
Earthquake. In 2011, Dr. Cox received the prestigious Faculty Early Career Development
(CAREER) award from the National Science Foundation for his work on quantifying uncertainty
in surface wave methods used for non-intrusive geotechnical site investigations. His Ph.D.
graduate research at the University of Texas centered around the development of a new in-situ
test method for directly measuring the dynamic pore pressure response and nonlinear shear
modulus behavior of liquefiable soil deposits. For this research, he was selected as the 2004-2005
FEMA Graduate Fellow in Earthquake Hazard Reduction by EERI. In 2010, his work in this area
was recognized by the ASTM Geotechnical Testing Journal through receipt of the Hogentogler
Award for his “paper of outstanding merit.” He is a member of the American Society of Civil
Engineers (ASCE), GEER, EERI, and the Arkansas Governor’s Earthquake Advisory Council
(AGEAC).
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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.

Scott M. Olson
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University of Illinois at Urvana-Champaign
Dr. Olson is an associate professor at the University of Illinois, where he has been for the past
eight years. Prior to starting at the University of Illinois, Scott spent seven years in practice with
Wooward-Clyde Consultants and URS Corporation. Scott has been involved in a numerous highprofile consulting projects including the new I-70 bridge over the Mississippi River in St. Louis,
Missouri; the Port Mann bridge over the Fraser River in Vancouver, BC; and the Marsh Landing
Generating Station, in Contra Costa County, California. Prof. Olson has published over 80 journal
and conference papers on liquefaction analysis and geotechnical earthquake engineering,
paleoliquefaction and paleoseismology, seismic and static slope stability, geohazard identification
and assessment, and cone penetration testing. Based on research into soil liquefaction, Scott has
been awarded the National Science Foundation CAREER award, the ASCE Arthur Casagrande
Professional Development Award, and the Canadian Geotechnical Society R.M. Quigley best
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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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.
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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.

97

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.
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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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• April, 2002-March, 2005, Visiting Professor, Disaster Prevention Research Institute,
Kyoto University
• April, 2002-Present, Senior Research Scientist, Disaster Reduction and Human
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•
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 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.
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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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Wednesday, April 11, 2012
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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THE UNIVERSITY OF MICHIGAN - EERI STUDENT CHAPTER
Xiaohu Fan
President of the EERI University of Michigan Student Chapter, PhD Candidate
Department of Civil and Environmental Engineering, University of Michigan, Ann Arbor, MI
xhfan@umich.edu
The EERI Student Chapter at the University of Michigan was established in 1995 and since then it has
been dedicated to gaining a better understanding of the risk posed by earthquakes through promoting
earthquake engineering at our university and to engaging our civil engineering graduate students in a
variety of departmental and community-wide activities. To accomplish these goals, we have been
consistently hosting the EERI seminar series every semester featuring world renowned scholars and
experts in the general area of earthquake engineering. Followings are a list of the recent seminars held
during the Fall 2011 semester:


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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Apart from this series of acttivities, the UB-EERI
U
orgaanizes and parrticipates in eeducational, social and outrreach
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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

Seminar oof Mr. W. T. H
Holmes, Principaal and Structurral
Engineer - Ruttherford and Chekene

Seminar of Dr.
D C. Christopo
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
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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
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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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