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Abstract

In 1997, the National Science Foundation (NSF) funded three Earthquake Engineering Research Centers (EERCs) to focus on earthquake hazard mitigation through systems-oriented research, education and outreach, and industrial/practitioner/end user collaboration and technology transfer.  Collectively receiving about one third of the total annual funding in NSF’s earthquake engineering research portfolio, the three EERCs enable cross-disciplinary, cross-institutional teams of faculty and students to work collaboratively, in partnership with industry, practitioners and other end users, over a long-term period, on science, engineering, and societal research issues related to earthquake hazard mitigation. This paper presents an overview of the key features of the EERCs and their individual and collaborative efforts.

Introduction

The National Science Foundation (NSF) Engineering Research Centers (ERC) Program, in the Division of Engineering Education and Centers (EEC), started in 1985.  Since its inception, the ERC Program has funded 36 ERCs spanning a wide array of engineered systems, in fields such as bioengineering; computing; communications; design, manufacturing, and product development; earthquake engineering; energy, environment, and civil infrastructure; information technology; and microelectronic systems.  The ERCs provide an environment for cross-disciplinary teams of faculty, undergraduate and graduate students, and industry to focus together, up to a ten-year period, on next-generation advances in complex engineered systems important for the Nation’s future, along with education and outreach programs required by these advances.  In Fiscal Year 2001, the ERC Program has 23 active centers and a federal budget request of $65 million.  Each ERC operates with an annual budget of up to $3 million.  Based on their experiences in managing ERCs, the ERCs collectively developed an “ERC Best Practices Manual,” which provides insight into managing center-based research, education and outreach, and industry collaboration programs.  This manual is available at http://www.erc-assoc.org.    Further information on the ERC Program, awarded ERCs, and ERC competitions is available on the NSF ERC home page at http://www.eng.nsf.gov/eec/erc.htm.

In 1996, the NSF Division of Civil and Mechanical Systems (CMS) announced a competition (NSF 96-92) to establish up to three Earthquake Engineering Research Centers (EERCs).    As the outcome of this competition, on October 1, 1997, NSF awarded three EERCs.   In December 1998, oversight of the three EERCs moved from the CMS Division to the ERC Program in the EEC Division.  The three EERCs are the following:

· Mid-America Earthquake (MAE) Center; led by the University of Illinois at Urbana-Champaign; Dr. Daniel P. Abrams, Center Director; NSF Cooperative Agreement EEC-9701785; http://mae.ce.uiuc.edu.

· Core partner institutions: University of Illinois at Urbana-Champaign (lead), Massachusetts Institute of Technology, Georgia Institute of Technology, University of Memphis, Washington University, St. Louis University, and Texas A&M University.

· Multidisciplinary Center for Earthquake Engineering Research (MCEER), led by the State University of New York (SUNY), University at Buffalo; Dr. George C. Lee, Center Director; NSF Cooperative Agreement EEC-9701471;  http://mceer.buffalo.edu.

· Core partner institutions:  SUNY Buffalo (lead), Cornell University, University of Delaware, University of Southern California, and University of Nevada-Reno.

· Affiliated institutions: New Jersey Institute of Technology, Pennsylvania State University, Rensselaer Polytechnic Institute, University of California-Irvine, University of Pennsylvania, University of Washington, and Virginia Polytechnic Institute and State University.  

· Pacific Earthquake Engineering Research (PEER) Center, led by the University of California, Berkeley; Dr. Jack P. Moehle, Center Director; NSF Cooperative Agreement EEC-9701568;  http://peer.berkeley.edu.

· Core partner institutions:  University of California-Berkeley (lead), California Institute of Technology, Stanford University, University of California (-Davis, -Irvine, -Los Angeles, and -San Diego), University of Southern California, and University of Washington.

· Affiliated institutions:  California Polytechnic State University, Oregon State University, San Jose State University, University of Alaska-Fairbanks, University of Hawaii, University of Nevada (-Las Vegas and –Reno), University of Utah, and Washington State University.

While each EERC is a consortium of institutions, the core partner institutions in each Center function together as a whole, with shared research and education goals, shared elements of the curricula, and a shared program of industrial/practitioner/end user collaboration.  The mix and level of effort of the affiliated institutions may change over the lifespan of the EERC.   

Goals of the Earthquake Engineering Research Centers

NSF is one of four U.S. federal agencies participating in the National Earthquake Hazards Reduction Program (NEHRP), http://www.fema.gov/mit/eqmit1.htm, along with the Federal Emergency Management Agency (FEMA), the National Institute of Standards and Technology (NIST), and the United States Geological Survey (USGS).  NSF’s strategy for the EERCs is closely aligned with the overall NEHRP strategic goals, spanning basic research, education, and technology transfer.  Accordingly, the goals of the NSF EERC program are the following: 

· Advance knowledge and technology in earthquake engineering research and earthquake hazard mitigation through the integration of engineering, earth science, and social sciences and innovative problem solving; 

· Integrate research and education for both undergraduates and graduates, advance curriculum in the field, and outreach to precollege students; 

· Strengthen the relevance of research and facilitate transfer of knowledge and technology through significant interactions with industry, government, and other end users; and 

· Promote sharing of expertise across the EERCs through a cooperative network of EERCs.

To achieve these goals, each EERC is structured with the following key features:

· Vision for systems aspects of earthquake hazard mitigation;
· Strategic plan to focus and integrate the resources of the EERC to achieve its vision;

· Research program integrating engineering, earth science, and social sciences, from discovery to proof-of-concept (testbeds and demonstrations projects), involving both undergraduates and graduates in cross-disciplinary research teams;
· Education and training programs for undergraduates, graduates, and practitioners integrating knowledge from the research into the curriculum and other educational innovations;
· Collaboration with industry, practitioners, and government/end users to speed knowledge and technology transfer;

· Outreach to precollege schools to attract a new generation of students to the field;

· Leadership in the field, cross-EERC collaborations, and external collaborations to help achieve the vision and goals;
· Cross-disciplinary, cross-institutional team of faculty and students, diverse in gender, race, and ethnicity, committed to the goals of the EERC;
· Center Director, leadership, and management team; defined institutional configuration, resource allocation, planning, project selection, and self-assessment tools;

· Infrastructure of facilities and experimental equipment to enable experimentation and communications technology to facilitate cross-institutional collaboration; and 

· Dollar-for-dollar matching of NSF funds (required) and other leveraged funds.

Vision, Research, and Strategy

Each EERC’s research program is guided by a strategic research plan developed to achieve the EERC’s vision and systems level focus on earthquake hazard mitigation.  The strategic research plan is used to (1) guide a spectrum of research leading to new fundamental knowledge, enabling technologies, and systems level technology integration (see Figure 1), (2) position the research to lead the field, informed by the state-of-the-art, and (3) select research projects and allocate resources (personnel and funding).  The EERC’s research is organized into major research thrusts, with each thrust led by a thrust leader.  The research program brings together teams of faculty and students from a number of fields, including architecture, civil engineering, decision sciences, earth science, economics, geography, geology, geophysics, geotechnical engineering, material science, political science, public affairs, seismology, sociology, structural engineering, and urban and regional planning.
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Figure 1.  Three-Plane Strategic Research Concept for an EERC

The MAE Center’s research program addresses earthquake hazard mitigation in the eastern and central United States through three thrust areas: (1) reduction of the seismic vulnerability of transportation networks (highway and railroad systems, major waterways and shipping facilities,  and airports), (2) reduction of earthquake losses through essential facility retrofit [e.g., police and fire stations, hospitals, potential shelters (including school buildings), and buildings that house emergency services], and (3) improved characterization of the seismic hazard in mid-America.  The seismic hazard characterization program initially focuses on the New Madrid seismic zone to reduce uncertainties in seismic source identification and recurrence of strong ground motion, improve the knowledge base on path and site effects in Mid-America, and provide improved seismic ground motions for input into engineering analyses of transportation networks and essential facilities.  

MCEER’s research investigates technologies to reduce earthquake losses in a cost-effective manner and help communities be better prepared and increasingly resilient when faced with earthquakes.  Research teams investigate, adapt, and implement advanced and emerging technologies such as site remediation technologies, structural control and simulation, high-performance materials, condition assessment technologies, and decision support systems.  Three research thrusts – seismic evaluation and retrofit of lifeline networks, seismic retrofit of hospitals, and earthquake response and recovery -  focus on the use of these technologies to strengthen critical facilities needed to remain operational after an earthquake and to improve post-earthquake recovery. A fourth thrust is networking experimental facilities and computational resources in earthquake engineering. Under separate funding from the U.S. Federal Highway Administration, MCEER’s Highway Project focuses on improving the seismic performance and reliability of the Nation’s highway system as an integrated network of roads, bridges, embankments, etc.  

The PEER Center is developing, validating, and disseminating performance-based earthquake engineering technologies for buildings, bridges, highway networks, and ports and harbors to meet the diverse and safety needs of owners and societies.  PEER’s research is organized around five thrusts:  (1) socioeconomic assessment, (2) hazard assessment, (3) development of a reliability-based methodology for socioeconomic and engineering performance assessment and design of structural and nonstructural systems, (4) seismic demand on structural and geotechnical systems, and (5) capacity assessment of structural components, subassemblages, and systems.  PEER’s research also includes a substantial lifelines research program, funded by the utility industry, the California Energy Commission, and the California Department of Transportation, to develop new methods for the seismic analysis, assessment, and retrofit of electric and gas transmission and distribution networks.   

Education
Each EERC has a strategic plan for K-12, undergraduate, and graduate education activities.  All three EERCs involve both graduate and undergraduate students in their research programs throughout the academic year and summer months, aiming toward a 2:1 or 1:1 ratio of graduate:undergraduate students.  Each EERC has a Student Leadership Council (SLC) that organizes the students within the Center, involves students in Center planning, fosters development of leadership skills, and provides feedback to the Center’s management.  The three EERCs collaborate on the development of web-based teaching modules for graduate education.  For example, the MAE Center is developing modules on soil liquefaction and social science issues in earthquake engineering,  MCEER is developing virtual laboratory experiments for structural control and base isolation, and the PEER Center is developing modules on base isolation, fluid-structure interaction, wave propagation, and earthquake engineering design.  At the undergraduate level, the three EERCs created a multi-center task force under the leadership of MAE Center investigator, Dr. Shirley Dyke, Washington University, to develop performance specifications for an instructional shake table for class room use and small-scale models for student research projects.   A project that links about 20 universities to acquire these small shake tables and develop instructional modules was subsequently funded by the NSF Division of Undergraduate Education (NSF DUE Award 9950340).  All three EERCs offer a Research Experiences for Undergraduates (REU) program during the summer.  Undergraduate students at U.S. academic institutions interested in participating in EERC summer REU programs should visit the EERC web sites for announcements of REU opportunities. In August 1999 and 2000, the Centers sponsored a joint REU symposium.  K-12 activities have included developing instructional materials with teachers and presentations to classes. 

Industrial/Practitioner/End User Collaboration and Technology Transfer

Each EERC has a strategy for and has developed active partnerships with federal, state, and local agencies, consulting firms, private firms, and other public- and private-sector stakeholders, through formal membership programs.  These partners, serving on the EERC’s implementation/industry/end user advisory board, are involved in strategic planning,  workshops, and continuing education activities that transfer the EERC’s research into practice and implementation.   

Center Management

The lead institution has overall management and fiscal responsibility for the EERC.  Each EERC receives up to $2 million/year in funding from NSF, pending availability of funds and past performance, and is required to provide dollar-to-dollar match of the NSF contribution from nonfederal sources.  Typically the match has been met with funding from state government agencies, private industry, and academic institutions.  NSF funding to the EERC is distributed by the lead institution to the participants from the lead, core partner, and affiliated institutions based on their level of effort determined by the EERC’s strategic planning process and their performance. To accomplish its goals, each EERC has a small leadership team that typically includes the Center Director, Deputy/Associate Director(s), Research Thrust Leaders, Education Coordinator, Industrial Liaison/Technology Transfer Coordinator, Assistant/Administrative Director, and a representative from the SLC.  Evaluation and feedback are conducted through self-assessment and an External/Executive/Scientific Advisory Board.  The three EERCs coordinate their activities through the Council of Center Directors.   The Deputy/Associate Directors and the education coordinators plan cross-center research and education collaborations, respectively.   In June 1999, the three EERCs sponsored a tri-lateral earthquake engineering symposium on research and education to share strategy and progress to date and plan future collaborations.

NSF Oversight 

The EERCs began operation under ten-year cooperative agreements with NSF.  Each year, the EERCs submit a detailed annual report and undergo a site visit peer review.  In their fourth year, the EERCs may choose to apply to NSF for renewal.  If successful during this renewal process, their support will continue with another renewal review scheduled for the seventh year.  If an EERC is not renewed, support will be phased down over the next two years. 

Further Information

More detailed information about each EERC is available on the Center’s web site listed above.  Each EERC also publishes periodic newsletters and MCEER and PEER publish their research results in technical report series. 
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