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Preface

This third volume of the Year 6 Annual Reports for the three NSF-sponsored Earthquake
Engineering Research Centers has been prepared as a collaborative effort of the centers. The
material presented is identical for each center though the format and cover design conforms to
the style of the other volumes of each center’s report. This document has been prepared as a
separate document so that it may stand alone to illustrate tri-center collaboration.
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1. Introduction

1.1 Background

In October of 1997, soon after establishment of the three earthquake centers, a Council of
Center Directors was established. The mission of the Council is to provide linkages
among the centers for the overall benefit of earthquake engineering research. The Council
identifies mutual areas of technical interest and avoids unproductive duplicative efforts
between earthquake engineering research centers. The Council coordinates and promotes
international, educational and outreach activities when mutual involvement is beneficial.
The Council has met on numerous occasions since the founding of the centers,
particularly over the last year to develop the strategic plan for collaboration presented
herein.

Former and current research programs of each of the three centers are complementary
because of communication in the initial planning stages. During the first years, advisory
boards for each center included representatives from the other centers. Vision, mission
and scope of the three research plans were known through these interactions, which
avoided duplication in planning of each center’s programs. Also, annual research reports
for each center have been exchanged after site reviews each year. In particular, benefits
of close collaborations on educational activities since the early years of the three centers
are well recognized.

In past reviews of the three centers, panelists found little or no duplication of efforts
across the research, education and outreach programs of the three centers. However,
reviewers did acknowledge that each center could benefit through increased cooperation.
The NSF Blue Ribbon Panel in the Year 4 renewal review stated that significant
opportunities existed to create truly robust, complementary, multi-disciplinary, multi-
level system solutions. In response to this comment, the Directors, Deputy Directors and
other leading researchers of the three centers have discussed at length possibilities for tri-
center collaboration. They have met in face-to-face meetings, conference calls and video
teleconferences frequently since the Year 6 renewal of the three centers to formulate
collaborative ideas. The centers also enlisted a subcontractor to evaluate commonalities
in their research programs and identify possibilities for fruitful collaboration. The plan
presented in this document represents work done to date to develop a standing program
on tri-center collaboration that is intended to enhance and strengthen the research and
education programs of each center.

1.2 Missions and Thrust-Area Organization for the Three Centers

Because earthquakes broadly cripple multiple engineering, economical and societal
systems in their stricken area, the mitigation of earthquake disasters is a complex
multifaceted problem that requires the involvement and expertise of structural engineers,
systems engineers, geotechnical engineers, seismologists, social scientists, policy and
decision making experts, and many others. No single government agency or research
center can alone tackle all the aspects of the problem. A coordinated effort is required.
Centers provide the coordination structure needed to conduct the complex holistic
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research needed to successfully address this problem. Furthermore, because each EERC
is a consortium of several academic institutions involved in multidisciplinary team
research, educational, and outreach activities, in partnership with industry, government,
and foreign research organizations, they provide the needed infrastructure and critical
mass to attract and train the next generation of professionals that are needed to implement

the new technologies and knowledge for seismic risk mitigation and ensure continuing
U.S. leadership in the field.

Research thrust areas for each center are organized differently to meet specific goals of
its program. The MCEER perspective on lifelines and acute care facilities and on
emergency response and recovery are unique to that of the other centers. Thrust areas of
PEER are arranged to furnish technologies needed to enable further improvements to
performance-based earthquake engineering. The MAE Center core program is organized
to develop new tools for synthesizing seismic response of various stakeholder systems,
and ways to use these tools to minimize consequences resulting from anticipated
earthquakes.

Mission statements and core research thrust areas as reported in each of the three center’s
Year 5 Annual Reports are summarized in Table 1. Different visions are important to
maintain singularity and focus, though further collaboration will be useful for leveraging
intellectual talent from each center. Whereas overall goals to enhance seismic resiliency
of communities, to minimize consequences across regions or to develop new
performance-based seismic design technologies have common attributes, each represents
a different perspective that will have a profound impact on earthquake risk reduction in
their own right.

1.3 Tri-Center International Collaboration

Common international activities among the three centers have been taking place over the
last five years. In 1998, the three EERC’s signed an Implementing Arrangement with the
European Commission’s Joint Research Centre in Ispra, Italy to collaborate with
earthquake engineering researchers throughout Europe. In addition, the three U.S.
earthquake centers were instrumental in the formation of the present Asian-Pacific
Network of Centers in Earthquake Research (ANCER) that has attracted member centers
from Taiwan, Korea, China and Japan with many other centers wishing to join at present.
With ANCER sponsorship of two significant international earthquake engineering
conferences (in Harbin, PRC and Hong Kong in August of 2002), the world-wide
leadership of the three centers in earthquake engineering research continues to grow.
Many more examples of international collaboration are given in the annual reports of
each center.
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Table 1 Mission and Research Thrust Areas of Each Earthquake Center

Center Mission Statement Core Research Thrust Areas

Multidisciplinary | The overall goal of MCEER is to enhance | 1. Seismic Evaluation and Retrofit

Center for the seismic resiliency of communities of Lifeline Systems
Earthquake through improved engineering and 2. Seismic Retrofit of Acute Care
Engineering management tools for critical Facilities
Research infrastructure systems (water supply, 3. Emergency Response and
electric power, and hospitals) and Recovery
emergency management functions. 4. User Networks for Seismic
Seismic resilience (technical, Assessment and Retrofit of
organizational, social, and economic) is Critical Facilities

characterized by reduced probability of
system failure, reduced consequences due
to failure, and reduced time to system

restoration.
Pacific The PEER mission is to develop, validate | 1. Loss Modeling and Decision
Earthquake and disseminate performance-based Making
Engineering seismic design technologies for buildings | 2. Hazard Assessment and Geo-
Research Center | and infrastructure to meet the diverse Performance
economic and safety needs of owners and | 3. Assessment and Design
society. Methodologies
4. Simulation and Information
Technologies
5. Structural and Non-structural
Performance
Mid-America To develop new engineering approaches 1. Damage Synthesis
Earthquake necessary to minimize consequences of 2. Consequence Minimization
Center future earthquakes. Correlated 3. Hazards Evaluation

interdisciplinary research synthesizing
damage across regions, estimating seismic
vulnerability across regional and national
networks, and improving current
engineering approaches, forms the core
research needed to develop such
consequence-based approaches and to
support stakeholder interests in risk
assessment and seismic engineering.

1.4 Focus Areas for Tri-Center Collaboration

The three earthquake engineering research centers have developed a new strategic plan to
guide future tri-center collaboration. The plan proposes to take advantage of potential
synergies among the three centers without detracting from their individual strategic
planning processes. The general framework for the plan consists of modules on various
topics for which faculty and students will contribute across center lines. The following
three modules of collaboration are currently being pursued.

= collaborative education group

I11-3



= collaborative forum on social science, economics, public policy and urban planning
= collaborative research on geographically distributed systems

Each of these modules is described in the sections that follow.
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2. Tri-Center Educational Activities

The three Earthquake Engineering Research Centers have historically developed
innovative, collaborative education programs and continue to expand upon these
accomplishments and to strengthen the education experience. These tri-center activities
serve as vehicles delivering knowledge to end-users ranging from elementary and
secondary students, undergraduate and graduate students, to the general public.
Integrating programs and efforts has provided an opportunity to reach a larger audience,
capitalize on diversity, leverage funding available for these activities, and promote a team
approach in delivery of exceptional earthquake engineering education activities.

2.1 Tri-Center REU Program

The NSF-funded Research EXpeI'ience for THE RESEARCH EXPERIENCE FOR UNDERGRADUATES PROGRAM
Undergraduates (REU) program has gained national | £
attention for its work aimed at recruiting promising ‘
undergraduates from across disciplines into engineering ="
research. A competitive, multi-center endeavor, the REU
program invites outstanding undergraduate students from
diverse backgrounds, who are in their junior year, to
apply. Candidates must have a minimum GPA of 3.0 and
need to be available full-time from June through mid-August. The selected students
spend ten weeks conducting a faculty-supervised research project in earthquake
engineering or a related field. Each student has an individual project (determined in the
selection process) to complete, which contributes to the goals of an existing center
project. Appropriate faculty supervision is provided throughout the summer, and the
student is encouraged to conduct independent research and is given the opportunity to
participate effectively as a member of a research team. Tri-center REU activities
commence with student recruitment and conclude with a symposium and a research
reports publication. The 2003 program will represent the fourth time this collaboration
has taken place.

(i) Student Recruitment - The three centers conduct a coordinated recruiting campaign
focusing on the departments at universities and colleges, across the United States, that
serve students who have a potential interest in the REU program. Targeted are Earth
Science, Social Science, Engineering, and Urban and Regional Planning departments.
National society student chapters, newsletters, and relevant websites are also recruited for
program advertising. These announcements have links to the REU home pages of the
participating centers, which post the applications to the individual center. Prospective
students apply to each center as they chose; some coordination of applications to multiple
centers may occur.

To further inform potential participants about the program, a detailed announcement on
the three centers’ websites is developed to outline the ongoing research projects, stipend,
requirements and goals of the REU program, supplemental activities, and housing
arrangements. The REU program application is designed to solicit information on the
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research interests of the applicant, their background and qualifications, as well as which
projects he/she might be interested in. Transcripts and letters of recommendation from
faculty members at their institutions are also requested. Qualified applicants are then
matched to the center researcher with a similar research interest

Recruitment of students from underrepresented groups specifically focuses on contacting
the office of minority student affairs and the office of disabled student affairs at various
institutions for application distribution. Additionally, regional and national chapters of
the National Society of Black Engineers, Society of Women Engineers, National Society
for Hispanic Engineers, as well as other institutions with high minority enrollment,
receive a REU program notifications.

(i) Earthquake Engineering Symposium for Young Researchers - At the end of their
research internship, all tri-center REU students participate in the Earthquake Engineering
Symposium for Young Researchers. The symposium provides a forum for REU
participants to present the results of their research projects and to network with other
students. Also, at the symposium, a program on engineering ethics is included. It is
designed to provide the REUs with exposure to and an understanding of ethics, as
required and practiced in the engineering field. The participation of an engineering ethics
expert is an important component of the symposium. Each student reviews a case study
and prepares a paper prior to the symposium. At the symposium the REU students
examine the critical ethical issues of each case study in small group discussions,
facilitated by the expert, proposing solutions for the ethical dilemma presented to them.
Each group then presents its conclusion and supporting arguments to the symposium in
plenary session. The symposium also features keynote speakers and tours of nearby
facilities specializing in earthquake studies.

(iii) REU Research Reports - Each research assistant is required to submit an electronic
final report of the results of their project to the REU Coordinator. The scope of this report
is agreed upon between the student and faculty advisor. These final reports are available
in print format through a tri-center proceedings volume. The REU participants are also
encouraged to publish the results of their projects in either technical journals or
conference proceedings. They are particularly encouraged to submit an abstract for the
student paper competition at the Earthquake Engineering Research Institute (EERI)
Annual Meeting.

2.2 Tri-Center Student Leadership Council Activities

The Tri-Lateral Student Leadership Council (SLC) Workshop is held yearly at the
EERI Annual Meeting. The event is organized to allow for networking, idea sharing, and
establishing future collaboration between the three center Student Leadership Councils.
By facilitating communication among graduate research assistants, the workshop furthers
tri-center group dynamics and underscores the importance of student participation in
center activities. Each of the SLC chairpersons presents information about their council,
when and how they were formed, where they are today, and the SLC role in center
operations. The group reviews issues that concern all three centers. Plans are being
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developed for an online quarterly journal containing REU research reports and graduate
student project reports, and a tri-center list server where students can post problems or
issues and receive responses. The SLC members also meet periodically throughout the
year using videoconferencing.

Among some ideas discussed for future collaboration are SLC student mentored design
competitions for undergraduate engineering students, utilizing the small shaking tables
which exist at several EERC universities, and jointly webcast seminars that students at all
EERC institutions can access.

2.3 Tri-Center Student Field Missions

A tri-center Earthquake Field Study
program was initiated in Spring 2002.
Ideally, four graduate research
assistants from each center, plus four
non-center graduate students (selected
by professional earthquake
engineering organizations), would
compete to spend ten days visiting a
recent earthquake site in order to
engage in a hands-on field assessment
exercise. Each center would send one
advisor to accompany the student
team. Funds to cover round trip travel, participation in the weeklong field trip, food, and
lodging are provided, and industry fellowships are encouraged.

In May 2002, eight students and one faculty member traveled to Taipei, Taiwan, for a
week of study at the National Center for Research on Earthquake Engineering (NCREE).
The students were sponsored by the three earthquake centers, MCEER, PEER and MAE.
The mission was organized by MAE and coordinated by Professor Paul Roschke from
Texas A&M University.

The group convened at NCREE for two days of presentations by experts from NCREE.
The next two days consisted of a field trip to the Chi-Chi earthquake region. Sites visited
included Feng-Yuan, Chung-Cheng Park (fault precipice), Pei-Feng bridge, Shi-Kang
dam, Shi-Wei bridge, Tong-Feng bridge, Wu-Feng, Kuan-Fu Elementary School
(geological damage), Tsau- Tun, Shu-Kung Junior High School (reconstructed school),
Tsau-Tun, Ninety-Nine Peaks (landslide), Yen-Feng bridge, Chi-Lu cable-stayed bridge
and Chi-Chi town (epicenter). Several local people invited the group into their homes or
businesses and showed examples of non-engineered repair and retrofit. The last full day
included presentations by NCREE members, one by PEER student Charles Chadwell,
University of California, Berkeley and a presentation by all of the MAE/MCEER/PEER
students.
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After their return to the U.S., the students have been asked to make at least two
presentations during the fall 2002 semester based on information they learned during the
trip. One presentation is to be given to groups of students or adults in the U.S. that do not
have an academic background in engineering or earthquakes, such as for middle or upper
level high school students or lower-division undergraduate students. The second
presentation is intended to be a technical seminar for graduate students and interested
professors at the earthquake centers.

The three centers have elected to make a trip to several regions throughout Italy in
October 2003, to meet with experts at ISPRA, the Universities of Pavia, D’Aquila and
Naples, and to conduct field trips to locations where earthquake damage is still visible.

2.4 Tri-Center Student Seminars

Another new tri-center initiative for 2003 will be to offer seminars at EERC affiliated
institutions. The Tri-Center Doctoral Research Seminar has been planned to begin in
spring 2003. EERC supported students who are near the completion of their doctoral
degrees will be hosted by the other two centers. Each EERC will identify two students
from their center who will participate. This exchange between centers will allow students
to learn more about the centers’ respective research programs and to have an in-depth
presentation on the student’s particular area of study.

2.5 Tri-Center Teaching Modules and Tools

(i) Teaching Modules for Graduate Students — This project has created a series of
graduate level, self-contained, web-based, teaching modules. The modules include
materials on various subjects and may be shared by a variety of academic institutions that
do not have resident expertise in specialized subjects pertaining to earthquake
engineering. The modules consist of written text, specifications for experiments, visual
materials and supplementary web information. Modules are being developed for the
following areas: Fluid Structure Interaction, Wave Propagation, Earthquake Engineering
Design, Seismic Ground Motion and Hazard, Seismic Upgrading: A PBE Case Study,
Seismic Behavior of Timber Structures, Earthquake Resistant Design, Liquefaction,
Socioeconomic Aspects of Earthquakes, Putting a Face on Earthquakes: The Human Side
of Earthquake Disasters, and Seismic Design of Diaphragms, Chords and Collectors. In
the early phases of this program, each center was to produce at least one module per year
on different aspects of earthquake engineering and hazard related studies. An inter-center
task force of faculty and professional earthquake engineers selects the module topics in
consultation with the other two centers. SLC input has been solicited during the
betatesting of each module. Currently many of the modules are being evaluated and
distributed for use.

(ii) Instructional Earthquake Simulators — In an effort to increase students’ knowledge
of earthquake engineering through hands-on experiments, the three centers have
organized a program for deployment of small earthquake simulators specifically designed
for use in a classroom setting. Shaking tables have generally been used more as research
tools rather than as instructional devices. So, to encourage more interest in structural
dynamics and earthquake hazard mitigation at the undergraduate level, 23 institutions
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drawn from the three national earthquake centers
cooperated in the design of a bench-scale shake table.
The initial acquisition was partially supported by an
NSF grant and other private funding and has grown to
a consortium of over 40 institutions know as UCIST.
The equipment is used to integrate earthquake
engineering into the undergraduate curriculum.
Classroom demonstrations and "hands-on"
experiments are conducted at all levels in order to
have a significant impact on the curriculum. In
addition, the shake tables are displayed and
demonstrated at public awareness events, including:
state fairs, primary and secondary schools, and local
community disaster preparedness programs. Future
activities include plans for developing two nationwide
competitions in earthquake resistant design, one for
undergraduates and one for elementary school
children.

The deliverables from this cooperative effort will include drawings of the scale test
models, a set of laboratory manuals, various experiments and exercises, video-tapes, and
a CD-ROM containing drawings and manuals to allow for the duplication of all of the
experiments. These products will be made available to all participating institutions. Also,
a set of Seismic Resistant Design Student Competition Guidelines will be developed for
two design competitions. These will be offered to any institutions that wish to host such
competitions. A second more advanced design competition is being developed for
undergraduates. This activity has the potential to generate as much interest as the ASCE

Concrete Canoe and AISC Steel Bridge Competitions.
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3. Tri-Center Collaboration in the Social, Decision and
Policy Sciences

Fostering integrated research on both engineering and societal aspects of earthquakes is a
key objective of the EERC program. All three centers have addressed this need by
providing support to investigators from a range of social science disciplines, including
political science, economics, urban planning and regional science, geography, decision
sciences, and sociology. Social scientists affiliated with the centers conduct fundamental
research in their own fields in support of center objectives, but also increasingly work
closely with engineers on multidisciplinary teams, addressing such topics as decision-
making with respect to earthquake mitigation, response, and recovery; societal and
economic impacts of earthquake hazards; the acceptability of different levels of risk and
earthquake consequences for various stakeholder groups; and earthquake loss-reduction
policy design and implementation.

All three centers have a strong commitment to encouraging cross-center collaboration
among EER C-affiliated social science researchers on projects that are mutually beneficial
for the centers and that yield both scientific advances and societal benefits. The past two
years have been marked by various types of cross-center collaborative activity. The
sections below briefly discuss these collaborations, which include both center-funded and
independently-funded projects. Also included are activities that involve collaboration
between investigators from two (rather than all three) centers and jointly funded work.

3.1 Tri-Center Project on Guidance for Earthquake Loss-Reduction
Advocates

In 2001, the Federal Emergency Management Agency’s earthquake program began
providing funding to investigators from the three centers specifically for the purpose of
developing research-based guidance for local, state, and regional earthquake risk-
reduction advocates - i.e., individuals and groups that are attempting to promote
earthquake safety and that are looking for ways to make those efforts more effective.
Advocates include people whose jobs involve public safety, engineers and design
professionals, political figures who want to make a difference, and citizen-activists
working to enhance earthquake safety. The ultimate objective of the project is to
strengthen both the knowledge and the skills of these advocates.

The Tri-center project team consists of five members: urban planner Rob Olshansky
(lead); political scientist Daniel Alesch; political scientist Peter May; policy and public
administration expert William Petak; and sociologist Kathleen Tierney. Over the two-
year period since the project began, team members have worked together to produce a
series of research-based white papers. The white papers cover a range of topics, including
factors that contribute to successful seismic safety advocacy, formulating and
implementing sound public policy, and principles of effective risk communication. Once
these papers were completed and reviewed, team members then produced a series of very
short (usually two-page) guidance documents that distill critical advice from the white
papers and incorporate other information advocates need. Topics addressed in the short
guidance documents include: how to succeed as a seismic safety advocate; earthquake
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basics; the ABCs of building codes; policies and legislation; working with experts;
appearing before committees; formulating effective policies and legislation; bringing
about changes that do not involve legislation; developing partnerships and mobilizing
support for seismic safety; communicating risk; and strategies for employing the media in
advocacy activities.

The white papers and guidance documents are now being completed. Plans are being
finalized to publish the white papers as a Tri-Center report. Team members are also
working with FEMA to develop an implementation plan that will include both web-based
information dissemination and direct contacts with seismic safety advocates and other
potential end-users. The materials that have been produced are already proving useful.
For example, the project team has been working closely with Mark Benthien, Outreach
Director of the Southern California Earthquake Center, who is engaged in extensive
planning for education and outreach efforts that will be timed to coincide with the tenth
anniversary of the Northridge earthquake. EERI and the “Quake ‘06 advocacy group in
the San Francisco Bay Area constitute other potential end-users. Expanding beyond
earthquake hazards, the Tri-Center white paper on risk communication formed the basis
for a report that the American Sociological Association recently provided to the Office of
Science and Technology Policy in response to OSTP’s request for social-science-based
guidance on homeland security risk communication and warnings.

3.2 Collaborative Publications and Jointly-Funded Projects

Social scientists from the three centers are currently in the final stages of preparing a
special issue of the ASCE journal Natural Hazards Review. That special issue, tentatively
titled “Deciding What’s Safe,” will feature articles by researchers from the three centers,
all of which are based on center-sponsored work. Submissions for the issue include
papers on retrofit decision making, emergency preparedness networks, and seismic
hazard policy.

Stephanie Chang (a research investigator for MCEER and PEER) and former MAE
graduate student Yasuhide Okuyama (now at the University of West Virginia) are
currently co-editing a book entitled Modeling Spatial Economic Impacts of Natural
Disasters. That volume will contain chapters written by investigators from all three
centers and will present findings from center-sponsored research.

Other developments signal closer center-to-center collaboration on social science
research. Psychologist and decision scientist Detlof von Winterfeldt of USC, who was
initially funded by PEER to carry out research on retrofit decision making for residential
structures, is currently being funded by MCEER to conduct similar studies, with a
specific focus on decisions concerning hospital seismic retrofitting. Stephanie Chang
from the University of Washington is another investigator whose work is co-sponsored
by PEER and MCEER. Chang’s PEER- sponsored projects have centered on cost-benefit
analyses for performance based earthquake engineering, while her MCEER-funded
studies have focused on loss estimation for water and power systems and on post-
earthquake recovery modeling. Her new project with PEER, “GIS Modeling of the
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University Campus,” parallels research she is carrying out on loss estimation for hospitals
with support from MCEER.

3.3 Other Collaboration

The social scientists who take part in research activities at the three centers are among the
most active social science researchers in the fields of hazards and disaster research. In
addition to the significant contributions they make to knowledge in their own disciplines,
and in addition to their center-sponsored research, they also collaborate closely with earth
scientists and engineers on a range of other activities. Examples of such activities
undertaken recently by EERC social scientists include the following:

service on the Board of Directors of the Earthquake Engineering Research Institute;
co-authorship on the EERI research plan, “Securing Society Against Catastrophic
Earthquake Losses”;

contributions to other EERI activities, such as the EERI Social Science Forum and an
ongoing series of EERI workshops on improving post-earthquake reconnaissance and
the collection and archiving of earthquake-related data;

contributions to EERI white papers and other publications on such topics as
impediments and incentives to the adoption and implementation of earthquake loss
reduction strategies;

contributions to HAZUS and other loss-estimation methodologies for both
earthquakes and other hazards;

contributions to ATC 58 FEMA-funded “Performance-Based Seismic Design
Guidelines,” addressing risk performance choices;

leadership in organizing the 7t National Conference on Earthquake Engineering in
Boston; and

co-authorship on the NEHRP/USGS plan for coordinating post-earthquake
investigations
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4. Tri-Center Research on Geographically Distributed
Systems

4.1 Background

The three EERCs are conducting complementary research related to the seismic
performance of geographically distributed systems, including highway and railroad
networks, electric power distribution systems, and pipeline distribution systems.

Research in this area includes generation and spatial/temporal distribution of earthquake
ground motion; site amplification; ground failure including liquefaction, land sliding, and
surface faulting; response of geographically distributed facilities and networks;
vulnerability assessment and retrofit of networks’ critical components; network flow
including effect of post-earthquake demands; direct and indirect loss-assessments;
emergency response; and decision-making processes for organizations that operate and/or
own lifelines. Solutions of this multidisciplinary problem may best be accomplished
through the development of interlinked modules dealing with aspects of the problem;
collaboration in the development of these modules will result in rapid advancement of the
field and efficient use of resources of the three centers.

MCEER is conducting research to develop tools and knowledge that can be used for the
seismic evaluation of bridge networks, with a particular emphasis on: (i) validation and
calibration of a comprehensive highway network Seismic Risk Assessment software
developed over the past nine years of FHWA-funded research; and (ii) research to
investigate seismic performance and retrofit solutions for types of bridges currently not
covered by the existing AASHTO Specifications and FHWA retrofit manuals. MCEER’s
research on power and pipeline distribution systems focuses on the power and water grid
reliabilities as affected by the seismic performance of transformers and pipes, and the
impact of seismic retrofits on improving this reliability. In all of its research, MCEER
focuses on the use of advanced technologies.

PEER’s research on highway networks focuses on: (i) the development of a performance-
based engineering methodology and technologies for reinforced concrete bridges of the
type commonly found in the Western U.S. (including assessment of post-earthquake
capacity and development of bridge fragility functions); (ii) hazard characterization, with
emphasis on site effects, ground deformations, and soil-structure interaction; and (iii)
functionality of the highway transportation network and the inter-relationship of network
and bridge performance (using models for the San Francisco Bay Area highway system).
PEER’s research on electricity distribution systems addresses similar issues, namely: (i)
performance and vulnerability assessment of substation equipment and buildings; (ii)
hazard characterization (including liquefaction); and (iii) electrical system network
performance.

MAE's research on geographically distributed systems is concerned mainly with
transportation systems and their interaction, with some fundamental developments on
networks performance assessment. Two sets of projects are currently underway to
synthesize damage and loss across a network, and to re-assess the losses after the
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application of a wide range of intervention measures, utilizing advanced IT and decision-
making. Relationships between level of damage and loss of functionality are also being
investigated. Dynamic modeling of traffic flow and effect of disruption of source-
destination dynamics on network performance are subjects of Year 6 investigations. A
high-end damage synthesis and visualization software package is the focus of the MAE
effort in seismic loss assessment of networks.

It is significant that a large percentage of the research described above is not funded by
NSF, but rather by other government agencies (e.g., MCEER’s research on highway
networks is through a contract with the Federal Highway Administration, PEER’s
research on electrical networks and some of the research on transportation networks is
through contracts with the California Energy Commission, the California Department of
Transportation (CALTRANS), Pacific Gas and Electric Company and other industry
sponsors; MAE’s work on testing of bridge components (complementary to its NSF core
research described above) is funded by local state departments of transportation. While
this provides an important leverage to the NSF-funded research on such systems, it also
means that pre-determined specific tasks must be accomplished to answer the requests of
these research sponsors.

The EERCs have had extensive discussions in the past year to investigate how to best
develop cross-center research collaboration on the topic of geographically distributed
systems (lifelines). Initial meetings took place during the Summer of 2002 between
PEER, MCEER-FHWA, and Caltrans researchers to assess how PEER and Caltrans can
develop modules that could be integrated into REDARS, the comprehensive Seismic Risk
Assessment program developed by MCEER as part of its FHWA-funded research.
CALTRANS has since initiated a trial study to apply REDARS to a region of the Bay
Area Highway Network. During the fall 2002 and first quarter of 2003, managers and
researchers representing the three centers have held three meetings (November 2002,
January 2003, and February 2003) and several conference calls to formalize plans for
closer research coordination. The outcome of these meetings forms the basis for the tri-
center initiative outlined in this report.

4.2 Coordinating Mechanisms

A key outcome of the planning sessions has been the creation of a Tri-Center
Coordinating Committee on Network Systems (TCCCNS) to manage on-going research
collaborations between the centers. This committee consists of the Deputy Directors from
each center (M. Bruneau, G. Deierlein, A. Elnashai), the Technical Director of the
MCEER-FHWA program (I. Buckle), and a representative of the PEER-Lifelines
program (C. Roblee).

Apart from funding coordinated projects from each of their respective research programs,
each center has committed to providing financial support for initiatives to manage and
coordinate the collaborative research. This includes, for example, support for an outside
consultant, R. Eguchi of ImageCat Inc., to review the tri-center activities and provide the
TCCCNS with a review and planning report that identifies research priorities and
opportunities. Other mechanisms to coordinate and review the collaborative research
include plans for:
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= an annual meeting of investigators working on projects related to distributed
network systems, the first of which is scheduled for September 2003

» formation of an external oversight committee to provide review on the
implementation (end-user) and scientific merits of the research

= co-funding and co-participation in two workshops on bridge performance
(relating damage to functionality, repair, and, to some extent, post-earthquake
traffic demands) and improved characterization of ground hazards (ground
shaking and ground deformation effects).

Further details on these and other project initiatives are outlined below.

4.3 Transportation Systems

A framework for seismic performance and loss assessment of transportation systems is
shown below. This framework was developed as a first product of the tri-center
collaboration and initially serves to map the interrelation among different research areas
as well as to identify the accomplishments and foci of each center. The framework
encompasses a broad range of considerations from seismic hazard assessment, through
bridge and highway performance modeling, to evaluation of metrics that directly relate to
economic impacts. The general concepts outlined in this framework represent the
underlying architecture of the REDARS software platform, which is envisioned as an
important implementation vehicle for seismic risk assessment. Where appropriate,
research conducted through the tri-center’s program will lead to either new or improved
modules that can be implemented in REDARS. However, REDARS is not the sole focus
of the comprehensive tri-center’s initiative, since much of the transportation-related
research in each center is broader in scope. For example, a significant initiative in the
MAE center is a high-end visualization platform for regional loss-modeling, which
encompasses a broader range of loss-factors than considered in REDARS, and which
could be used to display results from REDARS and other sources.
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The following is a summary of specific focus areas and research initiative that have been
identified for transportation systems.

(i) Bridge Fragility Modeling — MCEER-FHWA, PEER, and MAE all have projects
related to bridge fragility modeling; and Caltrans, an important user of these models, is
also supporting significant research in this area. MCEER requires these bridge fragility
models to improve loss estimates in REDARS and to begin benefit/cost studies related to
bridge retrofits. PEER requires better models to perform the same types of analyses and
to feed into their post-earthquake highway performance work. MAE is emphasizing work
on bridge fragilities within the broader context of fragility curves for regional
consequence and loss modeling. From these interests, a common goal for the tri-center’s
initiative is the development of standardized fragility functions for retrofitted and non-
retrofitted bridges, representative of those in the eastern and central United States as well
as California. This is a very broad problem that encompasses many types of structural
systems and issues, and to which each center can contribute without overlap. For
planning purposes, the research on fragility functions is distinguished into one of the
following three categories: (a) generic fragility curve development, (b) standard
(“HAZUS-like”) fragility curves for retrofitted bridges, and (c) enhanced fragility curves,
whose format incorporates refinements beyond the standard HAZUS-like fragility curves
currently used in REDARS and other systems.

Related Projects:

MCEER-FHWA: Shinozuka has a project to develop fragility curves for retrofitted
bridges using empirical data on bridges with restrainers and jacketed columns. This is a
high priority to develop realistic performance assessments of the current (2003) highway
network in California.

PEER: Stojadinovic has an ongoing project to develop a performance-assessment
methodology for bridges, which will lead to an enhanced model for developing fragility
relationships. In addition, PEER is supporting several related projects on performance
data on bridge components (Mahin and Eberhard) and testbed studies of two existing
bridges (Conte and Kunnath).

MAE: MAE has supported several projects on fragility curves, which have resulted in a
state-of-the-art and recommended methodologies report issued by Wen, Ellingwood and
Bracci. The scope of the MAE Project DS-4 is to develop a set of fragility curves for
buildings and bridges that utilize the proposed methodologies and the Pls approach to
uncertainty modeling. Another project, CM-4, deals with fragility relationships for
retrofitted structures. This is currently focusing on a method for including the effect of
retrofitting on structural performance in the fragility curve derivation thus reducing the
effort of re-deriving fragilities for different retrofitting techniques (Hueste and Elnashai).
The third and last issue covered in MAE work on fragility is work undertaken jointly with
European colleagues on a refined means of selecting strong-motion records for analysis
based on the limit state to which the fragility relationship pertains (Elnashai).
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(ii) Bridge Performance States — This topic concerns the development of models to
evaluate bridge performance with emphasis on quantifying the relationship of bridge
damage to functionality (traffic capacity) and repair. PEER requires this research in order
to quantify performance-based standards for bridges; MAE requires this work in order to
improve its benefit-cost studies, and MCEER/FHWA requires it for network analysis.

Related Projects:

Both PEER (Stojadinovic) and MAE (Kim, Sussman, Wen) have targeted some near-term
research on this topic. MAE has started a project to quantify the relationship between
level of damage and loss of functionality of RC bridges (DesRoches). The project builds
on previous MAE work on relating ground motion intensity to damage (Hwang) and
advances towards relating the level of damage to the reduction in the capacity of the
network component below the design capacity.

Joint Initiative:

A tri-center steering committee with representatives from each center (Eguchi, Warner,
Roblee, Porter and DeRoches) is finalizing plans for a tri-center workshop on user needs
for seismic risk assessment and the relationship of bridge damage to functionality and
repair. Scheduled for June 2003, the workshop will include representatives of state and
federal transportation agencies, consulting engineers, and researchers. Tentative plans
are also being discussed for a jointly funded PEER-MCEER/FHWA project to follow-up
on research needs identified at the workshop.

(iii) Modular Platform Development — MCEER-FHWA is committed to developing a
public domain version of REDARS. A three-year plan has been developed and received a
preliminary go-ahead to commence during Year 6. An important aspect of this
development is the modular nature of the program. The program is being designed to
allow for easy and non-intrusive access to key processing components. The ultimate goal
is to have a standardized methodology and tool for the entire U.S. that FHWA can
provide to state transportation agencies. The core support for REDARS by FHWA makes
this platform an attractive alternative to synthesize and implement research components
from the tri-center’s initiative.

Related Projects:

Caltrans recently initiated a project to evaluate REDARS through trial studies of the SF
Bay area. While Caltrans funding for this project is from outside the tricenters, PEER
and MCEER-FHWA are providing input to the project. MCEER-FHWA is providing
technical support for a more user-friendly demonstration version of REDARS. PEER is
sharing data-sets developed previously in its own Highway Demonstration Project of the
Bay Area and is interested in cooperating on the implementation of enhanced bridge
performance models and hazard modules in REDARS. MAE’s current effort on
geographically distributed systems is dealing with more global loss modeling, including
both highway and railroad systems. Therefore, MAE’s interest is to explore whether
REDARS could potentially be used for a small region (e.g., Memphis) to serve as a
validation/calibration to the more global loss modeling work by Kim and others.

III-19



Facilities and modules in REDARS that are amenable to implementation within the MAE
DS-1 Visualization module may also be part of the collaboration.

(iv) Seismic Hazard Assessment — The PEER Lifelines program has completed
significant research to develop regional seismic hazard methodologies that are directed at
distributed systems. Of particular interest are studies that focus on liquefaction and
surface fault rupture hazards. MCEER-FHWA has a very keen interest to improve the
seismic hazard methodology for liquefaction in REDARS, since the current method
requires very detailed data that are not practical for assessing liquefaction hazards
regionally. The MAE Center has several projects on characterization of seismic hazard,
one of which is concerned with large ground deformations (including liquefaction)
effects. There are opportunities to implement the outcomes into REDARS and transfer
the PEER work to the MAE DS-1 Visualization module.

Joint Initiative:

Planning is underway for a tri-center workshop to examine seismic and geotechnical
hazards modeling issues (including ground deformation effects), needs, and opportunities
for geographically distributed systems. One important distinction between hazard
categorization for geographically distributed systems versus isolated facilities is
correlation of ground motions resulting from individual earthquake scenarios. The
workshop will be held in early fall 2003, possibly in conjunction with the tri-center’s
annual meeting. This timing will enable recommendations from the workshop to be
considered in developing future projects, in Year 8 and beyond.

(v) Uncertainty Propagation — The REDARS implementation of the performance/loss
assessment framework accounts for uncertainties in all significant aspects of the network
simulation. However, a thorough analysis of the impact that the different modules have
on the final results has only been addressed superficially. Research opportunities lie in
studying the propagation of uncertainties throughout the loss calculation process,
including work to identify the most significant sources of uncertainties, insofar as they
impact the final outcome. Results of such efforts will be important to identify and target
individual modules or models for future research.

Related Projects:

MAE has several ongoing projects (Wen, Ellingwood, Veneziano) dealing with generic
issues of uncertainties in system assessment. Issues of how to model and visualize
uncertainty in each component of seismic loss assessment and the aggregated uncertainty
are of interest to MAE in developing its regional Damage Synthesis module. PEER has
tentative plans to initiate a new (Year 7) project to look at enmhanced methods to
propagate and track uncertainties, thereby making it possible to identify the most
significant uncertainties. MCEER/FHWA has a related project by Craig Taylor on risk
modeling

(vi) Development of Network Models — Both MCEER and the MAE Center are

examining new (more efficient) methods of constructing network models. Both centers
have used GIS methodologies (e.g., dynamic segmentation) to efficiently fuse linear
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databases with tabular information (e.g., NBI database). In order to ensure that the
development of this model does not become the obstacle to implementation, many
examples of this development must be completed. An opportunity exists to leverage
current work to develop an interoperable methodology to create and validate network
models for transportation loss estimation.

Related Projects:

MAE has a current project (Kim) to examine interoperability between different
databases. MAE has also formulated a Year 7 pilot study to investigate ‘systems
interaction’ effects on loss modeling (Goodno). MCEER-FHWA has a project (Eguchi) to
investigate several issues related to transportation systems, including investigations of
ways to improve the creation of network models. MCEER and MAE have proposed, as a
new initiative, to build a requirement for collaboration on this topic into future project
work statements.

(vii) Post-Earthquake Traffic Demands — Both MCEER and MAE are addressing
changes in traffic demand due to congestion and lost production. MCEER has focused
most of its activities on measuring the effect of congestion on traffic loads. MCEER has
just completed an extensive validation study where these models are now about to be
recalibrated. The MAE Center has included in its loss estimation model the impact of lost
production (primarily through damage to buildings and facilities) on post-event traffic
loads. The significance of this cost or loss is not well understood, particular in a review of
past earthquake data. Therefore, the results of this research will be of extreme interest to
all three centers, and efforts to share information from these studies will be emphasized,
including possible development of a nationwide database.

Related Projects:

MCEER/FHWA and Caltrans are supporting a project (Moore) to develop methods and
models for incorporating post-earthquake traffic demand into REDARS. Under its DS-6
project (by Kim) on network economic loss, MAE is developing new network models that
reflect time-stepping methods to reflect flexible regional specifications that can be
overlaid onto a hazard model and network vulnerability to portray losses across regions,
and completing a set of experiments on these models to ascertain their usability and
accuracy. The new developments will shortly be tested using the data from the recent
Alaska earthquake.

Joint Initiative:

As a first step toward sharing and improving information on post-earthquake traffic
demand, this topic is being incorporated in plans for the Tri-Center workshop on
relationship of bridge damage to functionality and repair. MAE and MCEER also intend
to share results and methodologies from studies on this topic.

(viii) Link Capacity — Given that most of the transportation system models only
represent major roads and highways, there is a need to consider the effect of secondary
roads on the global system performance. Since it is not practical to include the full road
system in the seismic hazard analysis, a compromise strategy is to create “equivalent
link” models for the global system analysis. These “equivalent links” in the global system

I1-21



model are intended to account for redundancy/resiliency to the global network provided
by the local road network. This would have applications both towards assessment of post-
earthquake emergency routing and general transportation.

Related Projects:

MCEER/FHWA has a project by Shinozuka where macro-models of traffic flow and
origin-destination formulations are being investigated to improve computational
efficiency. In the MAE Center, Kim is pursuing a three-tiered approach to modeling, with
the three tiers of highway/roadways at the state, county, and local levels.

4.4 Electric Power Systems

As shown in the figure below, the overall seismic performance and loss assessment
methodology for electric power systems shares many common features with that for
transportation systems. Currently, only MCEER and the PEER-Lifelines program have
research programs on electric power, so collaborative research on this topic is limited to
these organizations. MCEER has been focusing on the seismic performance of electric
power systems since its inception. Its focus has been on estimating the direct and indirect
losses caused by damage and disruption to electric power systems. Much of this research
was applied to the Memphis Light, Gas and Water system in Memphis; more recently, the
focus has been on the Los Angeles Department of Water and Power system. PEER has
had a strong program in assessing the seismic performance of substation equipment.
These studies have ranged from the development of experience or performance databases
to the development of analytical models for rigid and flexible bus connections. The
research at PEER has direct connection to the user community; a major sponsor of this
research is PG&E and the California Energy Commission.
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(i) Substation Equipment and System Fragility Modeling — Both MCEER and PEER
have common interests in the seismic performance assessment of substation equipment
and substation systems. Much of the PEER work has been in shake table testing and
analytical modeling of electrical equipment (bushings and switches) and data collection
of substation components. MCEER’s work has concentrated on the development of
fragility models and the performance of transformers through shake table tests. A joint
program between the two centers could fuse together important empirical information
with testing results and analytical modeling to produce more reliable fragility functions.

Related Projects:

Having completed significant research on electrical equipment fragilities, PEER is now
focusing on substation modeling, starting first with a small pilot project (Ostrom),
subsequently expanding into full substation modeling. MCEER’s studies (Shinozuka)
have used generic/empirical fragilities, focusing on transformers primarily because this
major substation component has suffered significant damage in past earthquakes, and
replacement parts are not readily available following an earthquake for these large
pieces of equipment. MCEER has a significant interest in using the PEER studies data on
seismic performance of substation components, to develop useful fragility information.
Both centers are interested in being able to develop fragility curves for substation
equipment components in their installed conditions (i.e., proper boundary conditions),
then expanding these models to provide integrated fragility curves that can model entire
substations.

Joint Initiative:

Starting in Year 7, MCEER and PEER-Lifelines will begin collaboration by focusing on
the development of fragility information for substation components using experimental
data generated by PEER for these components and MCEER’s experience in fragility
modeling. In subsequent years, the collaboration will focus on the integration of
component fragility into substation fragility, and calibration/validation of these data. To
facilitate collaboration, MCEER researchers will be invited to participate in quarterly
coordination meetings of the PEER-Lifelines focus area on electric equipment and
network performance.

(ii) Lifeline Interaction Studies — There needs to be a comprehensive assessment of how
the reliability of each lifeline system depends on other lifelines. Both MCEER and PEER
have recognized this need by examining interactions between water, power and
transportation. A joint program that leads to a better understanding of the vulnerabilities
of all three systems can provide added impetus for lifeline operators to coordinate
disaster response plans. Without this quantification, it will be difficult to convince owners
to consider these added dependencies or risks.

Related Projects:

MCEER and PEER share an interest on this topic, but feel that it is too soon to undertake
this collaborative activity. MCEER is first currently investigating how to integrate water
and power co-dependencies. PEER is more interested in the integration of highway and
power systems, and is exploring opportunities to investigate this in conjunction with the
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Caltrans REDARS demonstration in the SF Bay Area. During the coming year, each
center will focus on their respective objectives before contemplating attempts at
integration broader in scope.

(iii) Common Software Platforms — Where the opportunity exists, modular software
development should be strongly considered. This would allow deeply needed research
funds to focus on those topics and areas that truly require research. Since the different
centers are not in the business of selling or licensing software, this seems an excellent
opportunity to share the costs of program development.

Joint Initiative (Future):

MCEER and PEER envision the integration of SERA and IPFLOW, two packages that
handle two parts of the risk assessment methodology with a specific focus on the needs of
the power distribution systems. Such a system could also include SHAKEMAP
integration. Technically, there should be no difficulty in integrating SERA and IPFLOW,
although this would require the development of an interface linking the two programs.
With this goal in mind, all of the previously mentioned activities will be conducted in the
perspective that an important long term objective of the MCEER/PEER collaboration is
the development of a risk assessment methodology that would integrate SERA and
IPFLOW (to respectively handle substation fragility and power flow equilibrium) in a
single package. The common interests are therefore to improve the quality of the fragility
data, and to integrate the steps required for analysis of power systems

reliability/fragility.
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