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PREFACE 

Following an agreement between the Japan Ministry of Education, Culture, Sports, Science and 
Technology (MEXT) and the U.S. National Science Foundation (NSF), the First Planning 
Meeting for NEES/E-Defense Collaboration on Earthquake Engineering Research was held in 
2004. This meeting laid the groundwork for an initial joint research program related to 
improving understanding of seismic effects and reducing the seismic vulnerability of bridges and 
steel buildings. The emphasis of the program was to conduct experimental research using the 
George E. Brown, Jr. Network for Earthquake Engineering Simulation (NEES) equipment sites 
and the three-dimensional full-scale earthquake testing facility (E-Defense) of the National 
Research Institute for Earth Science and Disaster Prevention (NIED). To formalize the “first-
phase” collaboration, two Memorandums of Understanding (MOU) were executed, one between 
NSF and MEXT in September 2005 and the other between the NEES Consortium Inc. (NEES 
Inc.) and NIED in July 2005. In order to continue the collaboration to the “second phase,” the 
latter MOU was updated in May 2010 by the NEES Operation Center (NEEScomm) and NIED, 
to continue collaborative activities through 2015. 

Before updating the MOU between NEEScomm and NIED, two meetings were held. The 
First Planning Meeting for the Second Phase of the NEES/E-Defense was held in January 2009 
to discuss the need for and benefits of continued NEES/E-Defense collaboration. This meeting 
identified a number of important topics of mutual interest to the U.S. and Japan that would 
benefit from continued research collaboration and sharing of NEES and E-Defense resources. In 
addition, a follow-up meeting to discuss details of the next phase of collaboration was 
recommended. In response, the Seventh Planning Meeting of NEES/E-Defense Collaborative 
Research on Earthquake Engineering was convened in September 2009 to review the efforts and 
accomplishments of the past four and one half years and to discuss mechanisms for collaboration 
for the coming years. 

Following these two meetings, the Eighth and Ninth Planning Meetings of NEES/E-
Defense Collaborative Research on Earthquake Engineering were convened during September 17 
and 18, 2010 and August 26 and 27, 2011, respectively, These meeting were attended by leading 
researchers from both countries as well as representatives from NSF, MEXT and other 
government agencies. In the plenary and breakout sessions of the meeting, participants from the 
U.S. and Japan discussed progress and future plans for NEES/E-Defense collaboration. Because 
of the closure of E-Defense during the upgrade of the facility that occurred at the end of 2012 
and beginning of 2013, a joint planning meeting was not held in 2012. 

This report contains a summary of the Tenth Planning Meeting that was convened at the 
Disaster Prevention Research Institute of Kyoto University during December 11 and 13, 2013.  
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SUMMARY AND RESOLUTIONS 

The Tenth Planning Meeting for the NEES/E-Defense Collaborative Research Program in 
Earthquake Engineering was among the largest held to date, and attended by 61 participants from 
the U.S. and 53 from Japan. There was great interest on both sides in the research that had been 
carried out in the past two years, and in the potential for future collaborative research. The 
upgrade of the E-Defense shaking table was appreciated by all, and will permit many new and 
important lines of research to be conducted that were not possible before.  

The report includes the recommendations and resolutions reached by the participants. The 
appendices contain the list of participants, the meeting program and schedule, the materials 
presented during the plenary sessions, the minutes of the Joint Technical Coordinating 
Committee, and reports summarizing the specific recommendations developed by the individual 
working groups where participants discussed in detail various scientific and engineering 
challenges that should be addressed during the remainder of the second-phase NEES/E-Defense 
collaboration, as well as recommendations regarding the need and scope of a third phase. 

Issues Discussed 

The tenth joint NEES/E-Defense planning meeting was organized to:  

1. Discuss results, refine research plans and strengthen collaboration for current 
NEES/E-Defense projects,  

2. Discuss current gaps in knowledge and identify high impact research efforts that 
would benefit from collaborative NEES/E-Defense research planning,  

3. Discuss mechanisms for enhancing and extending the excellent collaboration already 
established between researchers in the U.S. and Japan in the field of earthquake 
engineering, and  

4. Based on the foregoing and the accomplishments to date, consider the desirability of 
extending the program to the next phase (Phase 3). 

In the meeting, the background of US-Japan collaboration related to earthquake 
engineering was reviewed, as was the background and scope of the NEES/E-Defense 
Collaborative Research Program in Earthquake Engineering. The previous development of the 
“Resilient City” as the overarching meta-theme for Phase 2 research activities was also 
discussed. As part of the scope of the Resilient City meta-theme, scientific challenges and 
specific research needs were previously identified for the following six topics: Buildings, 
Nonstructural Elements, Transportation Systems, Lifelines including Geotechnical Issues, 
Computational Simulation, and Monitoring. 

The major upgrade to the E-Defense shaking table was described. As a result of the 
upgrade, E-Defense can simulate earthquake records with the duration of more than three 
minutes, like those experienced in the March 2011 Tohoku earthquake. Many new opportunities 
to investigate the effect of earthquake duration, especially for motions containing significant 
long period content, are made possible by these enhancements. Recent research on steel 
structures, base isolated structures, and other systems were also discussed. Several suggestions 
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were made by E-Defense for future collaboration, including special efforts by joint U.S. and 
Japanese research teams to synthesize, analyze and interpret data already obtained in past tests.  

Five working groups then met. In keeping with the Resilient City meta-theme, the 
working groups focused on: 

a. New materials and new technologies for reinforced concrete buildings, 

b. Understanding and improving resilience of structural steel buildings 

c.  Present and Future of base-isolation and vibration control, 

d. Critical Issues on geotechnical engineering and underground structures, and 

e. Enhancement of monitoring and condition assessment. 

In preparation for the meeting the Japanese and U.S. working group co-conveners had 
solicited input from the working group members and other researchers. Following these 
discussions the participants gathered for a plenary discussion of the findings and 
recommendations of the working groups, and to develop overall recommendations and 
resolutions for the meeting.  

Each of the working groups also considered overarching issues related to evaluating and 
improving capabilities for numerical simulation, data exchanges, and opportunities for payload 
projects, such as those involving nonstructural components, sensors, and development and 
calibration of numerical models.  

The list of participants and the agenda of the meeting are shown in Appendices I and II. 
A summary of recent work on the upgrade of E-Defense facility is presented in Appendix III. 
The working group summary reports and minutes of Joint Technical Coordination Committee 
(JTCC) are shown in Appendices IV and V. The papers presented during the meeting are 
presented in Appendices VI to XI, in the order of Plenary Session, RC Working Group, Steel 
Working Group, Protective Systems Working Group, Geotechnical Engineering Working Group, 
and Monitoring Working Group. The Working Group Summary Presentations can be found in 
Appendix XII. The meeting also featured a “Student Activities Program” in which 18 students 
from Japan and United States participated in an extensive series of technical and social activities. 
The summary of the program is presented in Appendix XIII. 

Resolutions 

Based on the presentations, discussions and deliberations, the participants of the Tenth Planning 
Meeting of the NEES/E-Defense Collaborative Research on Earthquake Engineering formulated 
and unanimously adopted the following specific resolutions: 

NEES/E-Defense Collaboration should continue without interruption into Phase 3. 
The participants agree that the first and second phases of the NEES/E-Defense Collaborative 
Research Program in Earthquake Engineering were a resounding success and demonstrated the 
effectiveness of joint U.S. – Japan research in addressing high priority problems of mutual 
interest. Given an assessment of the current state of knowledge in the light of recent large 
earthquakes in Japan and elsewhere, it is believed that a third phase of the NEES/E-Defense 
program is needed and beneficial, Specific reasons for the third phase include: (1) the rapidly 
growing realization of the importance of the Resilient City meta-theme concept to both the U.S. 
and Japan, (2) the smooth and effective collaboration already established between NEES and E-



Summary and Resolutions 

xi 

Defense, (3) the new capabilities made possible by the upgrades to the E-Defense shaking table, 
and (4) the significant opportunities to leverage the unique other equipment, intellectual and 
personnel resources offered by NEES and E-Defense. It is strongly believed that NEES/E-
Defense collaboration by the U.S. and Japan provides the strongest mechanism to accelerate the 
pace of discovery and development in engineering needed to realize the goals of the earthquake 
disaster resilient city. 

Projects suggested by working groups (a) to (e) are suitable for NEES/E-Defense 
Collaboration. Based on extensive discussions during the plenary and breakout sessions, the 
participants believed that the five project areas discussed by the working groups provide an 
excellent and broad-based framework for pursuing high priority research of mutual interest to the 
U.S. and Japan. The breakout session summarized in Appendix IV highlight the technical 
challenges raised by each of these problem areas and the social and engineering benefits of the 
research proposed. Special opportunities are possible related to conducting payload projects, 
improving numerical simulation, and so on, and these should also be pursued to enhance the 
outcomes of the NEES/E-Defense collaboration. 

Regular planning meetings are needed. It was agreed that it is important that regular 
joint planning meetings be held to plan future tests, and accelerate exchange of information 
resulting from the joint NEES/E-Defense research. A near-term planning meeting is desired to 
refine research directions, identify additional topics, if any (e.g., nonstructural components, 
lifelines and transportation systems, numerical simulation, multi-hazard, etc.), and implementing 
procedures for Phase 3. In addition to annual planning meetings, joint technical sub-committees 
should be established on each of the five project areas plus numerical simulations to (1) identify 
the appropriate characteristics of the research to be performed, (2) establish research goals of the 
major joint test programs, (3) recommend needed ancillary and payload tests and analyses, (4) 
facilitate collaboration and (5) share the information obtained and promote dissemination of 
research findings and their use in education and practice. 

Efforts should be increased to take advantage of currently available data. Significant 
efforts have been undertaken to carry out the tests that have been conducted at E-Defense and to 
analyze the data to validate underlying theories, improve analytical simulations tools and models, 
and develop recommendations and guidelines that impact engineering design and evaluation. 
However, there is believed to be value in expanding the scope of such evaluations. There are two 
approaches that were recommended: (i) having groups of U.S. and Japanese researchers examine 
data from individual tests, and perhaps more importantly compare and contrast data obtained 
from multiple tests and numerical analyses; and (ii) implement interoperability such that certain 
data from E-Defense is accessible to U.S. researchers and Japanese researchers have access to 
the NEES data as well (for example, using the prototype system developed between the U.S. and 
the SERIES project in Europe). These efforts are thought to have a high value for relatively 
modest cost. Some assistance in translating descriptive information in the data and documents 
may be helpful to this effort. 

Efforts should be made to facilitate exchange of personnel. It is desired to increase 
collaboration by identifying existing and perhaps initiating new mechanisms that would enable 
exchange of researchers from the U.S. to Japan, and from Japan to the U.S. In particular, it is 
recommended that exchange of students and junior researchers to participate in particular efforts 
focusing on synthesizing, analyzing and interpreting available data, or participate in planning and 
conduct of tests would be highly beneficial. 
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Efforts to increase involvement design professionals and dissemination of findings to 
various stakeholders should continue. It is clear that there is a significant benefit of involving 
design professionals in the formulation of research plans, conduct of research and interpretation 
of findings. Greater involvement would be expected to increase the value and impact of the 
research. Various means have successfully transferred research findings to regulatory and 
building officials, code agencies, professional engineers, financial service organizations, owners, 
and the public. Expanding these efforts are expected to accelerate the adoption and impact of the 
research findings. 

Funding agencies are encouraged to provide needed resources. Given the importance 
of the research proposed, and the benefits of leveraging resources available in the U.S. and 
Japan, appropriate funding agencies in the U.S. and Japan are encouraged to provide adequate 
funding and other support needed to realize the benefits of the second phase of the NEES/E-
Defense collaboration.  

Closure 

The participants believe that the Tenth Planning Meeting of the NEES/E-Defense Collaborative 
Research Program on Earthquake Engineering was highly successful, and that NSF and MEXT 
should be congratulated for providing the earthquake engineering community with cutting-edge 
tools that will substantially accelerate progress towards the important goals of earthquake loss 
reduction. The attendees agree that the cordial and harmonious atmosphere at the meeting, and 
the candid and thoroughgoing discussions signal an outstanding future for NEES/E-Defense 
Collaboration. 

The participants also appreciate and heartily thank the Disaster Prevention Research 
Institute and the Hyogo Earthquake Engineering Research Center for their efforts in hosting this 
successful meeting. 
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APPENDIX II: PROGRAM AND SCHEDULE 

Time Title Presenters Chairs 
DAY1 

9:00 – 9:20 Registration   
9:30 – 9-45 Opening@Kihada Hall 

Greeting from Japan 
Greeting from U.S. 

Japanese Host 
President of NIED Director 
of DPRI 
Program Director of NSF 
President of NEES 

Nakashima & Mahin 

9:45 – 10:15 A history of U.S./Japan 
collaboration on EE 

Nakashima Ramirez & Kajiwara 

An overview of current 
U.S./Japan collaboration 
(NEES/E-Defense) 

Mahin Ramirez & Kajiwara 

10:15 – 11:00 Recent activities of E-Defense Kajiwara Nakashima & Mahin 

11:00 – 11:30 Identification of workshop 
themes – Resilient City 

 Nakashima & Mahin 

Session grouping  Nakashima & Mahin 
11:30 – 12:00 Lunch (Box lunch provided) 
12:00 – 16:30 Tour to E-Defense – Collapse 

test of a high-rise steel building 
(Briefing in limousines) 

  

A rapid summary of E-Defense 
test (videos) 

  

 
17:30 – 19:30  Banquet at DPRI @Restaurant 

Kihada 
  

DAY2 
9:30 – 10:00 Instructions to session 

discussion@Wood Hall 
 Pauschke  

10:00 – 12:00 Concurrent session: RC 
structures@Wood Hall 

Presentations Kusunoki & 
Ghannoum 

Concurrent session: Steel 
structures@Seminar Room 1 

Presentations Okazaki & Mosqueda 

Concurrent l session: Protective 
systems@Seminar Room 2 

Presentations Ikago & Christensen 

Concurrent session: Geotech 
and underground 
structures@Seminar Room 4 

Presentations Tamura & Stewart 

Concurrent session: 
Monitoring@Seminar Room 5 

Presentations Kurata & Lynch 
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12:00 – 13:00 Lunch (Kyoto Univ. Cafeteria) 
13:00 – 17:00 Concurrent session: RC 

structures@Wood Hall 
Discussion Kusunoki & 

Ghannoum 
Concurrent session: Steel 
structures@Seminar Room 1 

Discussion Okazaki & Mosqueda 

Concurrent l session: Protective 
systems@Seminar Room 2 

Discussion Ikago & Christensen 

Concurrent session: Geotech 
and underground 
structures@Seminar Room 4 

Discussion Tamura & Stewart 

Concurrent session: Monitoring 
@Seminar Room 5 

Discussion Kurata & Lynch 

DAY3 
9:30 – 12:00 Concurrent session: RC 

structures@Wood Hall 
Group report preparation Ghannoum & 

Kusunoki 
Concurrent session: Steel 
structures@Seminar Room 1 

Group report preparation Mosqueda & Okazaki 

Concurrent l session: Protective 
systems@Seminar Room 2 

Group report preparation Christensen & Ikago  

Concurrent session: Geotech 
and underground 
structures@Seminar Room 4 

Group report preparation Stewart & Tamura  

Concurrent session: 
Monitoring@Seminar Room 5 

Group report preparation Lynch & Kurata 

12:00 – 13:00 Lunch (Kyoto Univ. Cafeteria) 
13:00 – 15:00 Session reports: 

@Wood Hall 
(1) RC 
(2) Steel 
(3) Protective systems 
(4) Geotech & underground 
(5) Monitoring 

 
 
Ghannoum  
Mosqueda 
Christensen 
Stewart 
Lynch 

 

15:00 – 15:20 Break 
15:20 – 15:50 Resolution  Mahin & Nakashima 
15:50 – 16:00 Closure Ramirez & Kajiwara Mahin & Nakashima 
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APPENDIX III: POTENTIAL ROLES OF THE UPGRADED E-DEFENSE 

by Kenichi Abe *1 and Koichi Kajiwara *2 
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Key words: Line performance, long duration shaking, bypass valve, accumulator, wide range 

period motion, discharged oil volume 
 

1. Introduction 

E-Defense operates the world’s largest and most advanced 3-D shake-table. Under the full 
payload of 1,200 tonf (2690 kips), the table can reproduce the most severe ground motion 
recorded during the 1995 Hyogoken-Nanbu earthquake amplified by a factor of 1.3. During the 
eight years since its inauguration in April 2005, E-Defense has carried out as many as 60 
experimental programs. 

Figure1 compares the performance line of E-Defense (in solid red line) against that of the 
now discontinued Tadotsu shake table. The original E-Defense emphasized a very different 
performance range from the Tadotsu shake table which was capable of producing high 
acceleration motions in the short period range. The shake table tests at E-Defense focused 
primarily on the range enclosed by the blue ellipse, which correspond to inland or near-field 
ground motions. The focus so far has been on high velocity motions in the period range between 
0.2s and 2.0s and lasting less than one minute. Such motion addressed the research needs for 
structural behavior leading to failure. On the other hand, E-Defense was not designed to produce 
motions in the long period range. The limitation was in the sheer volume of pressurized 
hydraulic fluid. Therefore, E-Defense was not suited for producing the long period-long duration 
motions that characterize massive earthquakes caused by big oceanic trenches. In the past, E-
Defense compensated for this limitation by eliminating the vertical component of such motion 
and producing only its two horizontal components. In some projects, the horizontal motion was 
amplified by inserting a layer of rubber bearings, with or without dampers, between the table and 
the specimen. The horizontal-only motion, with the aid of motion-amplifying device, was used to 
clarify how the upper stories of high-rise buildings may function during long period-long 
duration motions. 

The March 11, 2011, earthquake off the Pacific Coast of Tohoku earthquake alarmed 
Japan with the need to address resilience of our cities against a broader range of ground motions. 
The massive, moment magnitude 9.0 earthquake was caused by a fault rupture that continued 
over 170 seconds and spread strong tremors over the entire eastern Japan. For example, the 
motion lasted for 10 minutes in the Tokyo metropolitan area. In the near-field areas of Miyagi, 
Fukushima and Iwate Prefectures, strong motions lasting over 3 minutes were recorded. The 
Tohoku earthquake produced motions characterized by long period components and long 
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duration. Many scientists expect an even stronger, long period-long duration motion to threaten 
the metropolitan areas of Japan in the near future. Therefore, urgent research needs have been 
highlighted by the Tohoku earthquake. Unfortunately, the original E-defense was not equipped 
with the capacity to produce the strong motions recorded during the Tohoku earthquake in their 
entirety. The limitation was primarily in the net supply of pressurized hydraulic fluid. In 2012, E-
Defense was upgraded in order to resolve the limitation. 

2. Upgrade Measures 

In order to address new research needs, the capability of E-Defense, as illustrated in Fig. 1, 
needed to extend towards longer periods. The shake table is controlled by ten horizontal 
actuators, five each in the X and Y directions, and fourteen vertical actuators. Each of the ten 
horizontal actuators is equipped with three servo valves, each of which consumes a maximum oil 
volume of 15kl/min, to produce strong motions with a velocity pulse as large as 2.0m/s Each of 
the fourteen vertical actuators is equipped with one of such servo valve. Dual measures were 
adopted to upgrade E-Defense. First, new accumulators were added to increase the total supply 
of pressurized hydraulic fluid. Second, a bypass function was installed in actuators that need not 
be loaded to produce the long period-long duration motions. Without the second measure, the E-
Defense system will demand several times the amount of fluid (20kl) that is supplied by the 
original accumulators. In other words, the second measure was essential to make the upgrade 
economically feasible. As indicated by the performance line in Fig.1, the required acceleration 
performance in the long-period domain is rather small, and therefore, production of these 
motions does not required all actuators to be loaded. Due to the savings in fluid consumption by 
the bypass function, the target performance might be achieved by a mere 20 % increase (4kl) in 
accumulator capacity. 

Figure2 indicates the upgrades installed along the oil flow diagram. Bladder type 
accumulators were adopted for the new accumulators. The bladder type is efficient and they have 
been in use for the main flow shut-down valves adjacent to the shake table. Piston-type 
accumulators, which form the original accumulator system, could not be adopted because of 
lengthy approval procedures demanded by the high pressure gas act of Japan. 360 units of 
bladder-type accumulators, each of which discharge 11 liters of fluid, were combined to achieve 
a total volume 4kl. 

A bypass functions was installed in selected actuators. The bypassed actuators are load 
free and merely follow the motion of the loaded actuators. The fluid saved by the bypass 
function is concentrated to drive the loaded actuators. The result is increased efficiency in the use 
of the pressurized fluid towards meeting the demand of long period-long duration motions. As 
shown in Fig.3, 3 bypass valves were installed in each of the 3 middle actuators in the X and Y 
directions, respectively (X2 to X4, Y2 to Y4). These six actuators can be used in either loaded or 
unloaded state. The four corner actuators are not equipped with bypass valves and are always 
used in the loaded state. In the vertical direction, one bypass valve was attached to the single 
servo valve of actuators Z6 and Z13. While the four corner actuators are always used in the 
loaded state, 4 spare bypass valves have been constructed for possible installation in the 
remaining six actuators. Consequently, the bypass system can be added to a maximum of 16 
actuators. The 8 corner actuators, 2 each in the X and Y directions and 4 in the Z direction, will 
always be used in the loaded state. Thirty-seven different patterns of fluid supply are possible by 
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altering the combination of loaded and unloaded actuators. In association with these upgrades, 
the hydraulic control system as well as the table control system was modified. 

3. Result of Upgrade 

Table 1 compares the fluid consumption of the shake table system before and after the upgrade. 
The table lists three motions recorded by the K-NET array during the Tohoku earthquake (at 
stations Sendai, Iwanuma, Furukawa), a simulated motion from a scenario Tokai-Tonannkai 
earthquake (Sannnomaru), and a near-field motion recorded from the 1995 Kobe earthquake (JR-
Takatori). While all three Tohoku motions are characterized by long duration and wide period 
range, Furukawa is distinguished by the dominance of components in the 4-second range, while 
Sendai is dominated by short-period motions. If all actuators are loaded, the Tohoku motions and 
Sannomaru require a fluid volume exceeding the original capacity of 20 kl. In fact, Furukawa 
and Sannomaru require more than twice the original capacity. The original capacity of 20 kl is 
the volume required to reproduce the JR Takatori motion amplified by a factor of 1.3. However, 
after the upgrade that involved increase in accumulator capacity to 24 kl and the bypass function 
that enable selective use of pressurized fluid, all five motions can be reproduced by an 
appropriately selected bypass pattern. Fig. 4 shows the simulated fluid consumption as a function 
of time. Furukawa consumes the largest volume among all motions recorded by the K-NET array 
during the Tohoku earthquake. 49.1kL is required to reproduce the Furukawa motion with all 
actuators loaded. Pattern 2v, which bypasses four horizontal actuators and two vertical actuators, 
reduces the required volume to 21.7 kl. As demonstrated by this example, the bypass function is 
extremely efficient for this particular objective. 

The force and acceleration limit decreases with payload. Table 2 shows the relationship 
between payload and acceleration limit. The penalty of payload is greater when a larger number 
of actuators are used in the unloaded state. The vertical limits in brackets are the limits reduced 
due to simultaneous action of the limiting overturning moment of 15,000 tonf×m (110,000 kip-
ft) and full payload. The limit must be checked carefully before adopting the bypass system for 
tall and heavy specimens. 

Theoretically, when an appropriate bypass pattern is adopted, table shaking can continue as long 
as pressurized fluid circulates the hydraulic system. However, the shaking duration is limited by 

the 220 step limit defined in the computer code. If the table is controlled in a 0.001-second 
(1,000Hz) increment, then the shaking duration is limited to 17.48 minutes. 

4. Conclusion 

E-Defense was originally designed to produce motions up to a maximum velocity of 2.0m/s 
under the full payload of 1,200 ton-force. Such motions represent the largest near-field ground 
motions caused by in-land earthquakes. The capability has been used effectively to advance our 
understanding of the seismic behavior of our infrastructure. The test data from E-Defense 
projects has significantly contributed to progress earthquake engineering in Japan. 

In 2012, E-Defense was upgraded to extend its capability in the long-period range. Now, 
E-Defense can produce a wide range of three-dimensional, long period-long duration motion, 
including the motions recorded from the Tohoku earthquake. E-Defense will continue to play a 
key role to resolve advanced earthquake engineering issues. 



Appendix III 

4 

5. Acknowledgements 

The upgrade of E-Defense was funded by the grant for facilities construction from the Ministry 
of Education, Culture, Sports, Science and Technology (MEXT) in Japan. We would like to 
express our gratitude to MEXT for their continuing support. We also thank Associate Professor 
Taichiro Okazaki of Hokkaido University for proof reading this document. 

 

Table1  Fluid Consumption Before and After Upgrade 

 

 

Table 2  Decrease of maximum acceleration due to payload 
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Fig. 1  The performance line of E-Defense and its usage fields. 

 

Fig. 2  The oil flow pass and its renewal areas. 
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Fig. 3  Bypass valves with H and V actuators. 

 

Fig. 4  Trend of fluid consumption during shaking. 
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APPENDIX IV: WORKING GROUP SUMMARY REPORTS 

RC Working Group 
 
Working Group: High performance reinforced concrete structures 

Moderators: Wassim Ghannoum (University of Texas at Austin) and Koichi Kusunoki 
(Yokohama National University) 

Recorder: Andreas Stavridis (University at Buffalo, SUNY) 

Members (in alphabetical order of last names): Anna Birely (Texas A&M), Gregory Deierlein 
(Stanford University), Marc Eberhard (University of Washington), Kenneth Elwood (University 
of British Columbia, Vancouver), Hiroshi Fukuyama (Building Research Institute), Wassim 
Ghannoum (University of Texas at Austin), Toshimi Kabeyasawa (Earthquake Research 
Institute, University of Tokyo), Hideo Katsumata (Obayashi Co. Ltd.) Koichi Kusunoki 
(Yokohama National University), Masaki Maeda (Tohoku University), Yasuhiko Masuda 
(Obayashi Co. Ltd.), Tomohisa Mukai (Building Research Institute), Minehiro Nishiyama 
(Kyoto University), Julio Ramirez (Purdue University), Yasushi Sanada (Osaka University), 
Hitoshi Shiohara (University of Tokyo), Lesley Sneed (Missouri S&T), Andreas Stavridis 
(University at Buffalo, SUNY), John Wallace (University of California, Los-Angeles) 
 
Presentations: 
All participants gave a short presentation introducing themselves and their research interests. 
Additional presentations were given to outline possible collaboration topics 
• Minehiro Nishiyama, Yasushi Sanada: R/C E-Defense test 
• Koichi Kusunoki: Near to midterm collaborations: SSI E-Defense test 
• Tomohisa Mukai: Database Project, CIB Roadmap 
• Hitoshi Shiohara: Research Needs for the Future 
• Kenneth Elwood: Near to Midterm Collaboration Topics 
 
Recommended Efforts to Increase Effective Collaboration: 

It is strongly recommended to have a group meeting at least one per year to share the new 
knowledge and current situations in both countries to achieve a fruitful collaboration. Face-to-
face meetings are essential. Earthquake engineering and earthquake damage prevention is the 
research against nature. We, U.S. and Japan, face the same hazard and have a long history of 
teamwork to tackle the problems. In order to maintain the collaborative history, personnel 
exchanges between U.S. and Japan are highly needed. Longer term personnel exchanges such as 
embedding researchers into research projects in both countries are highly recommended to 
achieve more comprehensive exchanges of ideas and information. 

E-Defense tests of reinforced concrete (RC) structures are planned in years 2014 and 2016. 
It is recommended to NSF and NEES to provide funding for U.S. researchers to visit E-Defense 
during the shaking table tests to share the outputs of the test and to have the meeting there. 

Additional workshops are needed to tackle the two highest priority research topics that were 
identified in this workshop: 1) Database exchange, expansion, and analysis, and 2) Resiliency of 
RC wall systems to extreme events. 
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Recommended High Priority Research of Mutual Interest to the U.S. and Japan: 

The discussions held during the breakout session demonstrated unanimous agreement 
between the Japanese and U.S. participants that strong collaboration would allow us to achieve 
the ‘Resilient City’ objective within a more rapid time frame.  

Collapse of deficient concrete structures is often attributed to the majority of deaths during 
major earthquakes. In addition, given that a large portion of the building stock is comprised of 
RC buildings, a large portion of the cost attributed to major seismic events arises from damage to 
RC structures. Therefore, to achieve the ‘Resilient City” objective, it is crucial to improve the 
damage and collapse performance or RC buildings subjected to earthquake demands. 

The following research topics have been identified as high-priority items for addressing 
pressing challenges that are limiting the resilience of concrete structures in the face of extreme 
earthquake events. 
 
a) Improving understanding and definition of limit-states of RC structural members 

The seismic design methodology is shifting from mandating prescriptive detailing to 
performance-based design (PBD) that requires improved evaluation of member and building 
behavior during an earthquake. The shift to PBD is largely driven by the desire to achieve better 
performance in structures during major events. For existing deficient RC buildings, improved 
performance up to the life-safety performance objective is typically the target in remediation 
efforts. For “modern” RC buildings, improved performance beyond the currently prescribed life-
safety performance objective is increasingly being sought.  

In PBD, a structure is idealized through a computer model that is defined using modeling 
parameters (MP). The analytical model is then subjected to various loading scenarios and 
damage is estimated from the model. The estimated damage is compared with acceptable damage 
levels defined through acceptable limit-states or acceptance criteria (AC). Accurate modeling 
parameters and acceptance criteria as well as improved analytical tools are therefore essential to 
the effectiveness of the PBD methodology. Significant experimental research has been conducted 
in both the U.S. and Japan relating to the definition of MP and AC for RC members and 
structures. Test results have however not been sufficiently analyzed to extract intermediate limit-
states that occur prior to the ultimate failure state. Such intermediate limit-states are needed to 
define acceptance criteria for stricter performance objectives in standards and guidelines.  

It is recommended that databases of experimental test results be built to define modeling 
parameters and acceptance criteria for various RC members. A database exchange program is 
recommended between the U.S. and Japan that would allow researchers from each country to 
access a larger data set. Joining efforts and exchanging techniques for defining and extracting 
modeling parameters and acceptance criteria would enhance the final products of both countries. 
The constructed databases should include intermediate damage and limit-states of members that 
occur prior to failure. Of particular interest are databases for vertical elements that are critical to 
the stability and performance of a structure (i.e., columns and walls).  

It is further recommended to consider joint efforts in developing advanced analytical models 
for RC members subjected to extreme events. Such analytical models could utilize data gathered 
through the database effort and are key to the success of the PBD methodology in reducing the 
vulnerability of RC structures to extreme events. 
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b) Improving the seismic behavior of RC structural systems subjected to extreme events 

Beyond improving our understanding of member behavior, an improved understanding of 
the full system behavior of buildings is essential to the PBD methodology. The upgraded E-
Defense shaking table provides a unique facility to test full-system benchmark tests. 
Supplementing the E-defense shaking table tests are data obtained from monitored structures 
during earthquakes (such as during 2011 Tohoku Earthquake). Based on shaking table tests 
conducted on the E-Defense shaking table and several monitoring datasets recorded during large 
earthquakes such as the 2011 Tohoku Earthquake, the current numerical simulation techniques 
and models of structures do not always reproduce observed system behaviors accurately. At the 
heart of the discrepancies is the current limited understanding of member interactions in 
structural systems such as slab and gravity system effects on the lateral strength behavior of RC 
buildings. Complicating matters further is the coupling of seismic demand to seismic capacity of 
structures. 

It is recommended to investigate the effects of 3-D system response on building seismic 
performance; particularly for collapse prone non-seismically designed buildings. Issues such as 
localized damage that lead to severe load redistributions and increased torsional demands need to 
be investigated to improve assessment of structural seismic performance and demands. Particular 
emphasis should be given to developing methods for evaluating the residual capacity of collapse-
vulnerable systems such that after-shock vulnerability could be better assessed. In support of 
such efforts, it is recommended to develop enhanced structural monitoring techniques from 
which benchmark data could be obtained from large-scale shaking table tests and earthquakes.  

It is also recommended to explore RC structural systems of conventional construction that 
are resistant to damage in the face of extreme seismic demands. Such systems could be identified 
using damage data collected through the proposed database work. It is recommended to conduct 
component testing to improve on the detailing of identified damage-resistant members. A full-
scale building test should follow on the E-defense shaking table to validate the damage-resistant 
nature of the improved detailing at the system level. 

 
c) Development a new seismic evaluation method under extremely large input 

The 2011 Tohoku Earthquake revealed the importance of accurate estimation of building 
behavior under large input motions. Of particular interest is improving capabilities of estimating 
the collapse potential of structures subjected to an earthquake event that is greater than the 
earthquake level defined in building codes. Effects of long duration motion on strength loss and 
damage accumulation are of particular concern in extreme and unexpected events. In order to 
achieve a new and acceptable seismic evaluation methodology under extremely large input 
motion, the following items need to be investigated; 

 New limit state definition for collapse stage 
 Re-evaluation of the limit states of structural members 
 New analysis modeling to take the effect of “negative slope” into account 
 Re-evaluation of the building collapse scenario 
 New modeling of structural members with so-called “non-structural” members such as 

wing wall and spandrel walls to control the seismic damage 
 



Appendix IV 

10 

d) Development of damage-free or limited-damage RC structures of innovative design 
The structural engineering field is increasingly moving towards reducing damage and 

downtime in RC structures that result from major earthquakes. Thus in the long term, the concept 
of damage-free or limited-damage RC structures in the face of high seismic demand may be 
worth pursuing. If such systems are to be achieved, the structural engineering community needs 
to develop systems that will sustain very limited damage during major earthquakes and will be 
cost effective. Envisioned limited-damage innovative structural systems could be comprised of 
post-tensioned members, rocking walls, and fuses. 

 
 
e) Payload on upcoming E-Defense shaking table collapse tests 

In the near term, two series of the E-Defense tests with R/C structures are planned. One is 
planned in the year of 2014, and the specimen is 6-story R/C structure (scaled down by 1/3) fixed 
to the table to investigate the behavior of R/C structures at the collapse stage. Another test is 
planned in the year of 2016, and the specimen is 3-story R/C frame structure (scaled down by 
1/3) on piles in a soil layer on the E-Defense shaking table to discuss the effective input motion 
and behavior of soil and structure at the collapse stage. 

Potential payload projects could include: 1) evaluating analytical simulation tools in light of 
test results and 2) non-destructive damage evaluation using innovative instrumentation or 
techniques applied to conventional instrumentation.  
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WORKING GROUP SUMMARY REPORTS  
Steel Working Group 

 
Working Group: Advanced Steel Structures 

Moderators: Taichiro Okazaki, Gilberto Mosqueda 

Members (in alphabetical order of last names): Maikol Del Carpio Ramos (University of New 
York at Buffalo), Ahmed Elkad (McGill University), Larry Fahnestock (University of Illinois at 
Urbana-Champaign), Julie Fogarty (University of Michigan), Maria Garlock (Princeton 
University), Yoshihiro Kimura (Tohoku University), Chinmoy Kolay (Lehigh University), 
Dimitrios Lignos (McGill University), Xuchuan Lin (University of Tokyo), Judy Liu (Purdue 
University), Jason McCormick (University of Michigan), Gilberto Mosqueda (University of 
California, San Diego), Isao Nishiyama (Building Research Institute), Taichiro Okazaki 
(Hokkaido University), Fuminobu Ozaki (Nagoya University), James Ricles (Lehigh University), 
Tomohiro Sasaki (NIED), Atsushi Sato (Nagoya Institute of Technology), Daiki Sato (NIED), 
Barb Simpson (University of California, Berkeley), Toru Takeuchi (Tokyo Institute of 
Technology) 

Discussions: 
The session opened with self-introduction of all participants, followed by presentations from 
each side. The presenters and topics are listed below. 

Dimitrios Lignos “Current Research on the Collapse Assessment of Steel Buildings 
Subjected to Extreme Earthquake Loading” 

Yoshihiro Kimura “Proposal of new column support system to prevent yielding of 
columns” 

Atsushi Sato “Deformation capacity of beam-columns” 

Daiki Sato & Tomohiro Sasaki “Experimental Study on Large-frame structures, an 
ongoing E-Defense Project” 

Toru Takeuchi “Rocking frames” 

Maria Garlock “Evaluating resilience within a multi-hazard context” 

Barb Simpson “Vulnerability and retrofit of older braced frames” 

Jim Ricles “Self-centering steel frame systems and supplemental passive damper 
systems” 

The U.S. and Japan researchers identified the following four themes as possible areas for 
collaboration in the near and mid-term. Focused discussion groups were organized in the 
afternoon session on these four topics with assigned moderators and recorders reporting a 
summary of each session to the group: 

1. Collapse assessment of steel structures (experimental simulation and numerical 
prediction) 

 Chairs: Yoshihiro Kimura and Jason McCormick, Recorder: Julie Fogarty 
2. Rocking systems 

 Chairs: Toru Takeuchi and Maria Garlock, Recorder: Kolay Chinmoy 

3. Response control for improved functionality 
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 Chairs: Dimitrios Lignos and Jim Ricles, Recorder: Maikol Del Carpio Ramos 

4. Evaluation and retrofit of older steel structures 

 Chairs: Atsushi Sato and Larry Fahnestock, Recorder: Barb Simpson 

Discussions in each of the four themes addressed immediate research needs and research needs 
for the next 5 to 10 years with particular emphasis on topics of common interests to both U.S. 
and Japan. The discussion identified how the advancement of research could be effectively 
addressed and accelerated by U.S.-Japan collaboration, in particular through the use of E-
Defense and NEES experimental facilities. Interest was particularly high for themes (1) and (2). 
Themes (3) and (4) were also of high-priority to both sides with clear benefits to collaboration, 
but some substantial differences were identified with respect to design and construction practices 
in both countries.  

Overarching research needs were identified from the discussions. The research needs, each lying 
within the meta-theme of ‘Resilient Cities’, are listed below. 

A. Immediate occupancy and damage-free performance under multi-hazard scenarios. 
The research needs apply to existing structures and new construction and to 
structural as well as nonstructural systems. 

B. Consideration of beyond design basis events. This requires the understanding and the 
ability to simulate structural behavior from onset of damage to collapse. 

C. Consideration of multi-hazard loading. Following earthquake shaking, structural 
systems can be subjected to aftershocks, fire, and tsunami loads, which should be 
considered in the design of resilient infrastructure. 

It was agreed that continued dialogue is essential to further refine the research plans and begin 
execution of the research. In the short term, there exists an immediate opportunity to collaborate 
on the collapse assessment of steel structures, building on the recent tests on a tall steel building 
that was witnessed by the meeting participants. In addition, three long term high-priority 
research proposals were identified. 

Recommended High Priority Research of Mutual Interest to the U.S. and Japan: 

(1) Title: Simulation of the Seismic Response of Steel Structures through Collapse 

Description: Building on the series of steel frame collapse tests conducted at E-Defense, 
including the 1/3-scale 18-story steel moment resisting frame structure tested to 
collapse during the meeting, there exists an immediate opportunity to evaluate current 
numerical tools to predict structural response from the onset of damage to collapse. 
The recent test series at E-Defense as well as previous testing of low-rise buildings 
provide an unprecedented set of data to validate system level modeling of steel frame 
structures. The need for additional component tests such as columns under combined 
axial load and lateral displacements as well as large scale subassemblies that capture 
the interaction of these components was identified. 

Scientific merit: In order to better quantify the life-safety risk posed by current structural 
systems, numerical tools are needed to adequately predict structural behavior from the 
onset of damage to collapse. Research needs include improved component models that 
adequately capture the strength and stiffness degradation and their effect on the 
structural system response under a wide range of loading conditions. While many past 
studies have focused on beam-to-column connections, data examining column behavior 
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under combined high axial loads and lateral drifts is more limited. The system level 
test at E-Defense can be complemented by testing large-scale columns at NEES 
facilities as well as hybrid simulations of frame subassemblies to better understand 
these members contribution to the collapse margin of a frame. The combined series of 
component, subassembly and system tests can provide the necessary data to better 
understand the behavior of steel structural members under various types of loading 
conditions and the development of validated system level models. Future modeling 
efforts should focus on high-fidelity mechanics-based models as opposed to spring-
based models to more effectively capture expected behavior under a wide range of 
loading conditions. 

Broader impact: Reliable numerical tools for collapse prediction are essential to better 
quantify the collapse safety margin of structural systems designed to current standards 
as well as the risk posed by existing buildings. These tools are needed to identify 
vulnerable buildings and effective retrofit strategies as well as for rational 
recommendations for the design of new structures. Reliable collapse assessment of 
structures was also identified as a key research needs within the following proposed 
collaborative projects. 

 (2) Title: Evaluation and Retrofit of Deficient Structures 

Description: This project addresses the large number of structurally deficient structures that 
exist in both the U.S. and Japan. In the U.S., a large number of braced frames exist in 
both moderate and high seismic regions (and are currently still designed and 
constructed in moderate seismic regions) that are not specifically detailed for seismic 
events, and thus are expected to exhibit limited ductility. In Japan, a large proportion of 
buildings constructed prior to 1981 were designed for significantly smaller earthquake 
loads than what is required today in design. In particular, braced frames constructed in 
this era were designed with little consideration for ductility. In both countries, the 
largest concern for structural deficiency of seismic load resisting systems is in braced 
frames. Therefore, this project will conduct a series of component, subassembly, and 
system testing to collapse of full-scale braced frames. Component tests will be 
performed using the advanced capabilities at the NEES facilities; the focus of these 
tests will be on framing action (including the stiffening effect of gusset plates) at 
extremely large deformations, columns under high axial loads and lateral drifts, and 
column base connections. Two full-scale braced frames will be tested at E-Defense, 
one with U.S. design and detailing, and one with Japanese design and detailing. Focus 
will be placed on quantifying the contribution of frame action, especially after buckling 
of braces. The project will provide answers to the long debate on how frame action, 
which is neglected in design, may supply reserve capacity, particularly as the system 
approaches collapse. The significantly improved knowledge of deficient structures will 
be used to develop possible retrofit strategies. A third full-scale frame will be tested at 
E-defense to validate the proposed retrofit and design strategies. 

Scientific merit: By addressing the global behavior of a system governed by low ductility 
limit states, the research will advance our ability to assess collapse of steel structures. 
Experimental and numerical studies will be performed to examine the failure hierarchy, 
formation and impact of soft stories, and the reserve capacity (or back-up strength) of 
components of the structure that are not designed for lateral load resistance. The full 
array of experimental data, from component level behavior at NEES facilities to 
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dynamic response of a full system through shaking at E-Defense, will establish a 
database to calibrate and verify numerical models. The data will be well suited to 
establish high-fidelity modeling for collapse simulation starting from failure of 
components, followed by torsional behavior of the system triggered by sudden loss of 
stiffness, damage concentration, and ending with gravity bringing down the system. 

Broader impact: The research information and data will be used to assess, and improve as 
needed, current evaluation strategies for existing structures. Two different categories of 
retrofit strategies will be proposed. One is pragmatic, low cost strategies that target life 
safety and collapse prevention performance. The other is advanced and high 
performance strategies that target immediate occupancy. Consequently, by providing 
means to reduce the number of structures that are not expected to perform adequately 
under strong ground shaking, the project will directly impact the urgent need to 
improve the resiliency of our cities. 

(3) Title: Resilient Steel Rocking Systems for Extreme Events 

Description: The project will develop and validate advanced steel rocking frame systems that 
target immediate occupancy and damage-free performance under multi-hazard 
scenarios. The focus will be on rocking systems that incorporate 1) a spine element that 
prevents damage concentration at a weak story and 2) a self-centering mechanism to 
achieve immediate occupancy and functionality of the building even after extreme 
earthquake events. The research will combine extensive numerical simulation and 
hybrid simulation at NEES facilities to address component-level behavior, and a full-
scale shake-table test at E-Defense, including nonstructural elements, to demonstrate 
how the concept can be implemented. 

Scientific merit: If appropriately implemented and detailed, rocking systems have the 
potential to achieve high resiliency against a very wide variety of earthquake ground 
motions. Issues to be addressed includes: appropriate detailing of architectural finishes 
and nonstructural elements, serviceability of the building, resiliency of the gravity 
system, effective floor systems to collect and deliver inertia to the rocking systems, 
multi-hazard performance (including fire), application to mid and high rise (more than 
6 stories) buildings considering higher mode effects, cost analysis, and collapse 
resistance against maximum considered events. After addressing individual issues at 
the component level, the research will culminate with a full-scale test at E-Defense to 
validate the concept using a full three-dimensional structure and three ground motion 
components. 

Broader impact: The project will build upon the focused research conducted over the last 
decade and implementation examples (a number of buildings exist that implement the 
rocking system concept to some degree) to develop a probability-based, performance-
based design methodology, applicable to seismic upgrade of existing buildings as well 
as to new construction. This design methodology will encourage rapid and widespread 
application of the rocking frame concept. The expected outcome of the project is to 
enable cost-effective, highly resilient structural systems. 

Opportunities for Payload Projects: 

Within the experiments proposed above, there will be unique opportunities for payload projects 
such as instrumentation schemes for health monitoring, including non-structural components to 
identify structural systems that minimize damage to these systems as well as the development of 
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protective installation strategies, and development of methods to minimize interaction between 
structural system undergoing rocking motions and the remainder of the structure. 
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WORKING GROUP SUMMARY REPORTS  
Protective Systems Working Group 

 
Working Group: Protective systems 

Moderators: Kohju Ikago (Tohoku University); and Richard Christenson (University of 
Connecticut) 

Recorder: Brian Phillips (University of Maryland) 

Members (in alphabetical order of last names): Tracy Becker (DPRI / McMaster), Richard 
Christenson (University of Connecticut), Hiroki Hamaguchi (Takenaka Corporation), Su Hao 
(ACII, Inc.), Kohju Ikago (IRIDeS, Tohoku University), Eric Johnson (University of Southern 
California), Koichi Kajiwaro (NIED, E-Defense), Dorian Krausz (University of California, Los 
Angeles), Stephen Mahin (University of California, Berkeley), Ryota Maseki (Taisei 
Corporation), Narutoshi Nakata (Johns Hopkins University), Marios Panagiotou (University of 
California, Berkeley), Brian Phillips (University of Maryland), Keri Ryan (University of Nevada, 
Reno), Eiji Sato (NIED, E-Defense), Kan Shimizu (Kajima Corporation), Toru Takeuchi (Tokyo 
Tech), and Osamu Yoshida (Obayashi Corporation). 
 
Presentations:  
Name Title Topic 
Becker, Tracy Tall Building Isolation and Hybrid Testing 

of Isolated Systems 
-Tall building base-isolation 
-RTHS of base-isolated structure 

Christenson, Richard Testing Magneto-Rheological (MR) Fluid 
Dampers Advances in Real-Time Hybrid 
Simulation 

-MR Dampers 
-RTHS 
-Geographically distributed RTHS 

Hamaguchi, Hiroki What is Takenaka? -New sliding isolation device 
-Comparison of U.S. and Japanese design 

Hao, Su Design and Calculation for Seismic 
Response in Curved Bridges and a Digital 
Shaken-Table Test (DTSS) for Bridges 

-Influence of horizontally curved 
segments on bridge collapse 
-Numerical modeling of bridges 

Ikago, Kohju International Research Institute of Disaster 
Science (IRIDeS) 

-Long period ground motions 
-Rotary TMD 

Johnson, Eric NEESR Planning: Toward Experimental 
Verification of Controllable Damping 
Strategies for Base Isolated Buildings 

-Testing at multiple scales 
-Leveraging shake table, HS, and RTHS 
testing 

Maseki, Ryota Dynamic Loading Experiment of Full-Scale 
Oil Damper for Seismic Isolation Against 
Large Velocity Excitation 

-Semi-active base isolation 
-Hybrid damper design 
-E-Defense test of damper under large 
velocities 

Nakata, Narutoshi Development of Experimental Methods 
(Hybrid Simulation, Shake Table Testing 
and Effective Force Method) 

-Force feedback control of actuators 
-Effective force testing 
 

Panagiotou, Marios Using Base Isolation and Rocking for 
Earthquake Resilient Design of Structures 
in Near Fault Regions 

 

Phillips, Brian NEES/E-Defense Planning Meeting 
Research Summary 

-Actuator control for RTHS 
-Large scale NEESR RTHS project 

Ryan, Keri Future Directions in Seismic Protective 
Systems Research 

-E-Defense test of 5-story steel moment 
frame 
-Comparison of isolation devices 
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-New passive isolation system 
Sato, Eiji My Previous Shaking Tests -Shake table tests of semi-active isolation 

system 
-E-Defense test of medical facility 
-E-Defense test of 4-story eccentric RC 
structure 

Shimizu, Kan NEES/E-Defense Meeting 2013 -New semi-active oil damper 
Yoshida, Osamu Self-Introduction and Research Proposal -Active base-isolation 

-Collision with moat wall 
 
 
Recommended Efforts to Increase Effective Collaboration: 

The discussions held during the breakout session identified strong agreement between the 
Japanese and U.S. participants that protective systems, with the specific application of base 
isolation, provide an excellent opportunity to establish meaningful and synergistic medium and 
long-term NEES/E-Defense and U.S.-Japan collaborative research related to earthquake 
engineering and the notion of the resilient city. The challenges and associated research needed to 
address these challenges were discussed on the second day of the workshop and recommended 
research of mutual interest to the U.S. and Japan was identified. 

It was noted that there are many strong collaborative efforts already in place in the form 
of: (1) the use of E-Defense on NEES projects, (2) direct collaboration between E-Defense and 
NEES, and (3) payload projects on E-Defense projects. The most effective way to increase 
collaboration is by exploring additional opportunities that do not require a large amount of 
funding or commitment. Ideas proposed include test beds, reusing existing data from NEES/E-
Defense experiments, and the exchange of research personnel. 

Test beds: There is a strong push to create a test bed that may include one or more of 
the identified areas of common research interest. A few ideas were proposed, including a 
modular test bed where you can mix and match components to suit the interest of the researcher. 
For example, a researcher could choose a U.S. building or Japanese building, near-fault pulses or 
long-period ground motions, active or semi-active control, etc.  

A modular approach will allow for multiple experiments. Test bed experiments can be 
of increasing complexity and held at different laboratories, including small-scale RTHS, large-
scale RTHS, small-scale shake table tests, and large-scale shake table tests. For example, one 
laboratory can propose a shared experimental setup as a module for the community to propose 
new devices or control designs. This approach will increase the number of collaborators without 
a large time or funding commitment. Final tests could be conducted at E-Defense, perhaps as a 
payload test for funding reasons.  

The benefit of a test bed is that researchers can study the device that they are interested 
in without designing a complete structure or selecting appropriate ground motions. The 
parameters will all be community selected and approved, providing a great starting point for 
conference and journal papers. Due to many evaluation criteria, the test bed should be seen as a 
design tradeoff problem rather than a competition. 

Data Sharing: For collaborative NEES/E-Defense tests, the data goes directly to 
NEEShub. Purely Japanese E-Defense tests may not be available publically. A committee is 
needed to discuss how to make data available to the public and in an English language format. 
Not doing so is a loss of opportunity.  
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Beyond laboratory experiments, there is a wealth of field data on base-isolated 
buildings. These can be used to calibrate models and assess structural performance in as-built 
structures. However, both the U.S. and Japan, private companies own most buildings and are not 
open to sharing data. Some university buildings (e.g., Tohoku University and Tokyo Tech) have 
test bed buildings with instrumentation and data available. These types of field data test beds can 
be promoted by both U.S. and Japanese researchers. 

Exchange of Personnel: Exchanging people is a good way to ensure ideas and data are 
shared. Graduate students can be included in collaborative efforts through existing funding 
mechanisms such as EAPSI (NSF), JSPS, Monbusho, etc. These programs facilitate the 
exchange of students for short research visits. 
 
 
Recommended High Priority Research of Mutual Interest to the U.S. and Japan: 

Protective systems are inherently intended to ensure resilience in a system with design objectives 
that go beyond life safety to provide continued operation. With this goal in mind and based on 
individual research presentations during the second day of the workshop, recommended high 
priority research topics of mutual interest to the U.S. and Japan were identified: (1) performance 
of protective systems to extreme (long-period, long-duration, near-field) ground motion, (2) 
performance and application of protective systems for vertical ground motion, (3) 
characterization and performance of protective system components, and (4) design and 
performance of protective systems for tall / slender / high rise buildings. 
 
1) Performance of protective systems to extreme (long-period, long-duration, near-field) ground 
motion. 
The 2011 Tohoku Earthquake with unique long-period and long-duration ground motion 
generated concerns with current protective systems. In terms of base-isolation systems, such 
ground motion may cause resonance of the bearing systems, excessive heat generation, and low-
cycle fatigue. Researchers need to design systems to be effective for both likely earthquake 
scenarios and extreme events. 

Scientific Importance: For long-period isolation with long-period motion, a better 
understanding of the effects on structure contents (e.g., piping, interior walls) is needed. Large 
displacement can also lead to moat wall impact; researchers need to clarify potential damage to 
structure, bearings, and nonstructural elements. Also, the capabilities of semi-active control 
devices to adaptively provide optimal performance can be shown for a wide array of potential 
ground motions.  

Societal Benefit: Protecting the structures from extreme ground motions is critical to 
protect life-safety and minimize economic losses. There are many base-isolated structures which 
need to remain functional even after an earthquake. 

Relation to the context of “resilient cities”: Intact infrastructure is vital to the 
recovery of a city and a society, as well as the emotional well-being of the survivors.  
  
2) Performance and application of protective systems for vertical ground motion. 
Participants of the workshop are concerned that “traditional” base-isolation hardware might not 
provide effective protection for nonstructural components and essential equipment from the high 
frequency, vertical component of excitation that can be significant relative to the horizontal 
motion. Furthermore, vertical vibrations are coupled to horizontal motion just as horizontal 
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motion is coupled to vertical vibrations. Such considerations need to be made when 
understanding vertical ground motion. 

Scientific Importance: At a very basic level, vertical vibrations add axial force 
demands to base-isolation bearings. Furthermore, the influence of vertical shaking on 
performance of nonstructural components and contents needs to be more clearly understood. 
Significant amplifications in the vertical vibrations are observed as they propagate from the base 
through the structure to the floor slabs. These vertical vibrations are also significantly influenced 
by soil-structure interaction. It was noted that a coupling of horizontal and vertical modes affects 
torsionally or vertically irregular buildings, further complicating the problem. A better 
understanding of these complex phenomena is required to propose mitigation strategies by 
isolation or damping at the base or at the floor level.  

Societal Benefit: Damage and failure of nonstructural components and content 
disruption can be a life-safety issue, or cause substantial economic losses.  

Relation to the context of “resilient cities”: The mitigation of vertical vibration is 
important for protective system applications, which are chosen by owners to meet higher 
performance objectives such as continued operation. Sensitive power and hospital equipment 
may be susceptible to vertical vibration damage, hindering response and recovery efforts. 
 
3) Characterization and performance of protective system components. 
A better understanding of the individual system components will allow for accurate design of 
structural performance and plan for potential failure. There are many performance based design 
approaches and philosophies; for example, in an extreme event, should the base-isolation 
bearings fail or should the building fail? The bearings are protecting the structure, but perhaps 
something should be done to protect the bearings. It takes time to replace the bearings, and there 
is a concern for aftershocks after an extreme main event. 

Scientific Importance: Through a more accurate characterization of the performance of 
protective system components, the system-level behavior can be better understood. When 
focusing on the components, long-term issues related to robustness and maintenance of the 
device should be included. Devices should be able to function for the lifespan of the building or 
be easily replaceable or maintained. Furthermore, the practicality of device must be considered. 

Societal Benefit: With better models and understanding, devices can be presented to 
engineering community with confidence. More devices will provide more options for 
performance-based design to meet unique client and society needs. 

Relation to the context of “resilient cities”: Incremental developments in protective 
devices get researchers closer to the grand challenge of earthquake resilient structures. 
Component characteristics can have a strong impact on critical structures. Improvements to 
component’s characteristics maintain operability of critical structures and lifeline. Replacing 
protective system components can cause significant inoperability and downtime. 
 
4) Design and performance of protective systems for tall / slender / high-rise buildings. 
In light of the 2011 Tohoku Earthquake and recent tests at E-Defense, there is a concern that tall 
buildings are more vulnerable than previously thought. It may be possible to retrofit these 
buildings using base-isolation, though many concerns remain. High-rise buildings are very heavy 
and may be difficult to lift for retrofit. A few alternative explored include strengthening the 
bottom few levels and placing isolation plane above ground or retrofitting columns one by one 
(such as using concrete to encase steel column) then adding base-isolators.  
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Scientific Importance: Presently, seismic isolation systems are applied to 
tall/slender/high-rise buildings. Questions remain regarding the performance of these isolation 
systems in regard to uplift and the compressive buckling of bearings. Large scale testing of 
tall/slender/high-rise buildings containing seismic isolation devices might address such concerns. 

Societal Benefit: Performance improvement of tall/slender/high-rise buildings would 
contribute to better business continuity and sustainable society of large part of urban areas.  

Relation to the context of “resilient cities”: Tall/slender/high-rise buildings containing 
high performance seismic protective devices can serve as a shelter in a severe seismic event. 
Earthquake resilient tall/slender/high-rise buildings eliminate the business disruption of large 
regions in the vicinity of the building and large CO2 waste that occurs when a damaged building 
has to be demolished after an earthquake. 
 
Additional areas of interest that overlap with high priority items. 
During discussions, additional areas of research interest were identified that overlap with the 
high priority items. 

Special buildings: Special facilities such as servers, chip-making facilities, and high-
tech manufacturing facilities have design requirements that are more stringent than typical 
structures. For example, high accelerations may damage expensive equipment, requiring active 
control to minimize accelerations. Industry partners might be interested in this area of 
collaboration. 

Historical buildings and cultural heritage sites: These structures may need to be 
retrofit in a noninvasive manner, perhaps using base isolation. 

Occupants: Experiments tend to neglect the human component, even if they consider 
nonstructural components. Furthermore, beyond the initial event, there may be some degree of 
excitation where people may be so frightened that they will not reenter the structure or will feel 
unsafe. 

Perfect / absolute isolation: The challenge was presented to make an earthquake proof 
structure that is operable after an extreme event. Many issues have to be considered, such as soil 
structure interaction and uplift. Existing technologies can be combined, with robust active 
control identified as a promising area.  

Elastic versus inelastic superstructure: The question was raised if it is possible to 
control or avoid inelasticity of the superstructure. Moreover, if it were possible, should 
inelasticity be avoided? There is concern in the U.S. about having the superstructure yield. But 
U.S. code allows for yielding before MCE earthquake. This brings up a point as to why inelastic 
behavior is allowed. But, no matter what is done, under a big earthquake, yielding may be 
inevitable, so it should be designed to happen in a favorable manner. It was noted that base-
isolator bearings filter the ground motion to the superstructure, which can be used to maintain 
nominally elastic behavior.  

Passive control versus semi-active and active control: The costs and benefits of 
structural control alternatives were debated among the group. A good building may be designed 
for 50 years, but be expected to last 100+ years. Semi-active and active control systems are 
susceptible to increased maintenance in terms of the sensor and computer systems that will likely 
break down before the structure has surpassed its useful life. Even active-mass dampers for wind 
applications require costly maintenance. On the other hand, the forces we design for now are 
twice as much as they used to be. Down the road, design criteria may change. With semi-active 
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and active control, we can easily change control strategies (stiffness, base shear, etc.) without 
replacing physical devices, saving on replacement cost. 
 
Opportunities for Payload Projects: (list) 

 Nonstructural components 
 Soil-structure interaction tests 
 Human perception of earthquake response 
 Validation of RTHS to large-scale shake table tests 
 Different devices & control algorithms 

 
Opportunities and needs for advancing capabilities of numerical simulation: (list) 

 Adequate modeling of components and interaction of components during extreme loading 
 Validation of component and system level models using E-Defense 
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WORKING GROUP SUMMARY REPORTS  
Geotechnical Engineering Working Group 

 
Working Group: Geotechnical Earthquake Engineering and Engineering Seismology 

Moderators: Jonathan P. Stewart (UCLA) and Shuji Tamura (Kyoto University)  

Recorder: Ramin Motamed (University of Nevada, Reno) 

Members (in alphabetical order of last names): Scott A. Ashford (Oregon State University), 
Shideh Dashti (University of Colorado), J. David Frost (Georgia Institute of Technology), Shunji 
Fujii (Taisei Corporation), Hideki Funahara (Taisei Corporation), Kenneth Gillis (University of 
Colorado), Youssef MA Hashash (University of Illinois), Susumu Iai (Kyoto University), 
Takahito Inoue (NIED), Hisatoshi Kashiwa (Osaka University), Yohsuke Kawamata (NIED), 
Anne Lemnitzer (UC Irvine), Lelio Mejia (URS Corporation), Saburoh Midorikawa (Tokyo 
Institute of Technology), Atsushi Mikami (The University of Tokushima), Ramin Motamed 
(University of Nevada, Reno), Shoichi Nakai (Chiba University), Naohiro Nakamura (Takenaka 
Corporation), Ellen M. Rathje (University of Texas, Austin), Nicholas Sitar (UC Berkeley), 
Jonathan P. Stewart (UCLA), Shuji TAMURA (Kyoto University), Tetsuo Tobita (Kyoto 
University), Kohji Tokimatsu (Tokyo Institute of Technology)  
 
Presentations:  
 Shuji Tamura and Jonathan Stewart. Session overview. Preliminary research priorities for 

Japan-U.S. collaboration in Geotechnical Earthquake Engineering and Engineering 
Seismology 

 Yohsuke Kawamata. Possible future researches using E-Defense shake table 
 Saburoh Midorikawa. Site amplification factors derived from strong motion records of the 

2011 Tohoku, Japan earthquake.  
 Ellen Rathje. Validation of nonlinear site response from KiK-net array data 
 Naohiro Nakamura. Earthquake response analysis using nonlinear energy transmitting 

boundary 
 Atsushi Mikami. Empirical approach using Japanese data including evaluation of kinematic 

soil-structure interaction 
 Nicholas Sitar. Performance of improved ground during earthquakes 
 Shoichi Nakai. Analysis of liquefaction damage and development of its countermeasure.  
 Tetsuo Tobita. Next Generation of Physical Model Testing with Generalized Scaling Law 
 Hisatoshi Kashiwa. Simulation analysis of damaged structure supported by piles in heavily 

damaged zone during the 1995 Kobe earthquake 
 Ken Gillis, Shideh Dashti, Youssef Hashash. Centrifuge testing of soil-structure interaction 

for underground structures. Use of tactile sensors.  
 Shunji Fujii. Monitoring of foundations and shaking table test on the E-Defense 
 Ramon Motamed. Shaking table testing related to piles and lateral spreading.  
 Hideki Funahara. Dynamic interaction between pile foundation and liquefied ground. 

Shaking table tests and effective stress analyses 
 J. David Frost. Exploiting interfaces for enhanced seismic subsurface characterization and 

infrastructure performance 
 Kohji Tokimatsu. Potential topics for U.S.-Japan collaboration.  
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Summary: 

The research discussed within our session supports the broad objective of engineering “Societal 
Sustaining Systems.” We considered the critical research needs in areas related to engineering 
seismology and geotechnical earthquake engineering. Specific areas of research that support this 
objective pertain to hazard characterization, ground failure, and mitigation. Moreover, we 
discussed the degree to which U.S.-Japan collaboration is essential to realizing research 
objectives and E-Defense and NEES facilities can support the research.  
 
Recommended Efforts to Increase Effective Collaboration: 

 Improve clarity in data sharing protocols (both sides) and perhaps revisit those protocols 
that unnecessarily restrict data access in joint experiments.  

 Fund research to interpret existing data & perform applicable simulations. This could be 
facilitated with jointly funded graduate student fellowships on the U.S. and Japan sides.  

 Consortium of U.S. and Japanese testing facilities to streamline access to equipment.  
 
Recommended High-Priority Research: 
 
Societal Sustaining Systems 

1. Multi-hazard risk characterization. Examples include mainshock/aftershock sequences 
and rain or tsunami following earthquakes. The critical issue is what is the relative impact 
of the subsequent event (aftershock, rain, tsunami) as a result of the degraded state of the 
system following the mainshock. 

2. System response in an urban environment. Soil-structure interaction (including kinematic 
effects, energy dissipation of foundation systems, and modeling requirements). Impact of 
tightly-packed structures in a dense urban environment – effects on foundation damping 
and foundation input motions.  

3. Performance of distributed systems during earthquakes. Issues with these systems include 
the fragility of a single segment, correlation of damage across segments, and vulnerability 
to system functionality if individual segments fail. Example systems include levees, 
transportation systems, pipelines, energy transmission systems, etc. Role of alternate 
ground failure mechanisms in system performance (liquefaction, cyclic softening, seismic 
compression, response of organic soils).  

 
Hazard Characterization 

4. Regional variations in site response. What are the fundamental factors causing variations 
in Vs30-scaling and nonlinearity by region? What site parameters, beyond Vs30, should 
be considered to capture these regional effects?  

5. Is site response predictable from 1D analysis? Role of geologic complexity. Methods for 
large-strain site response. Appropriate damping levels. Challenges associated with 
existing data from KiK-net and K-NET arrays.  

6. Site response for the vertical component of ground motion.  
7. Estimation of Vs30 from proxies for the application of GMPEs in regions without 

seismic velocity data 
 
Ground Failure 

8. Next generation liquefaction (NGL): 
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a) Development of community liquefaction triggering and effects database 
b) Models for liquefaction triggering and effects derived from this database  
c) Physical model testing to support aspects of the models not constrained by data 

(e.g., effects of high overburden stress).  
9. Prediction of site response for sites that experience liquefaction (e.g., LEAP project).  
10. New site characterization techniques, including surface wave methods, improved cone 

penetration testing and other types of penetrometers.  
 

Mitigation 
11. Soil improvement. Use field performance data, including recent cases from Japan and NZ 

where improved ground did not do as well as expected, to guide the design of future 
physical model tests and related analysis. 

12. Mitigation of foundations for existing structures 
 
For each research topic, we consider its anticipated impact, the importance of U.S.-Japan 
collaboration, and the testing scale, with the result shown in Figure 1.  
 
 

 
Figure 1. Schematic illustration of proposed research tasks in geotechnical earthquake engineering and 
engineering seismology plotted in space that indicates the type of data required for the study (abscissa) 
and the importance of U.S.-Japan collaboration (ordinate). The potential impact of the study is indicated 
by the size of the circle.  
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WORKING GROUP SUMMARY REPORTS  
Monitoring Working Group 

  
Working Group: Monitoring 
Moderators: Masahiro Kurata (Kyoto University), Jerome P. Lynch (University of Michigan) 
Recorder: Kenneth J. Loh (University of California Davis) 
Members: Shirley Dyke (Purdue University), Tomonori Nagayama (University of Tokyo), Anne 
Kiremidjian, Stanford University, Akira Nishitani (Waseda University), Yoshihiro Nitta 
(Ashikaga Institute of Tech), Kincho Law (Stanford University), Sean O’Connor (University of 
Michigan), Shamim Pakzad (Lehigh University), Jennifer Rice (University of Florida), Wei Song 
(University of Alabama) 
  
Presentations:  “NEES/E-Defense Collaborative Earthquake Research Program 10th 

Planning Meeting: Rebooting U.S.-Japan Joint Research on Earthquake 
Engineering” by Masahiro Kurata (DPRI, Kyoto University) 

 “Network for Earthquake Engineering Simulation” by Shirley J. Dyke 
(Purdue University) 

 “Monitoring Systems for Intelligent Infrastructures: Design, Sensing and 
Data Analytics” by Anne Kiremidjian (Stanford University) 

 “Cyber-infrastructure for Monitoring” by Kincho H. Law (Stanford 
University) 

 “Wireless Cyber-Physical System Frameworks for Enhancing Civil 
Infrastructure Resiliency” by Jerome P. Lynch (University of Michigan) 

 “Condition Evaluation of Infrastructure through Monitoring: Practical 
Applications” by Tomonori Nagayama (Tokyo University) 

 “Direct Sensing of Inter-story Drift Displacements for Buildings” by Akira 
Nishitani (Waseda University) 

 “Structural Health Monitoring for Local Element” by Yoshihiro Nitta 
(Ashikaga Institute of Technology) 

 “Resource Efficiency for Wireless Sensing using the Telegraph Road Bridge 
Testbed” by Sean M. O’Connor (University of Michigan) 

 “SHM Research within NEES / E-Defense” by Shamim N. Pakzad (Lehigh 
University) 

 “NEES – E-Defense Monitoring Session” by Jennifer A. Rice (University of 
Florida) 

 “Application of Model Updating in Structural Performance Evaluation” by 
Wei Song (The University of Alabama) 

 
Recommended Efforts to Increase Effective Collaboration: 
The working group was unanimous in its belief that the human network has been and will 
continue to be the key ingredient to the success of U.S.-Japan collaborations. To reinforce this 
already strong human network, it is proposed that a student-oriented exchange program focused 
on studying hazard mitigation and resilient cities be revived. In addition, the human network 
should be expanded to include social scientists and other stakeholders relevant to the resiliency 
of urban communities.  
 
To advance research collaborations, the U.S.-Japan community should prioritize the 
development of interoperable experimental data repositories generated by NEES and E-defense. 
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Specific to the focus of the working group, perhaps datasets of greatest relevance to SHM should 
be prioritized for release. While data access is a necessary step to joint collaboration, to create a 
true virtual testbed, efforts should concentration on facilitating access to tools that can be used to 
process data stored in a common data repository.  
 
To accelerate the creation of next-generation monitoring technologies, the working group 
proposes that a separate solicitation in which both U.S. and Japanese teams could seek join 
funding for payload projects.  
 
Finally, to truly tackle the technical and non-technical challenges of resilient cities, it is proposed 
that the U.S. and Japanese research communities focus on two seismically-active testbed cities, 
one in each nation (e.g., Los Angeles and Tokyo). A research program should be created to 
leverage existing and to create new opportunities to deploy regional-scale instrumentation in 
these cities to study in situ community resiliency. In addition to instrumentation deployment, 
regional-scale simulations can be performed so that the response of both cities to an equally 
destructive earthquake can be compared between the two urban environments. 
 
 
Recommended High Priority Research of Mutual Interest to the U.S. and Japan: 
The working group organized its effort to identify high priority research topics of mutual interest 
to the U.S. and Japanese research communities spanning from the individual infrastructure 
component-scale (e.g., a building) to the regional scale (e.g., a mega-city).  
 
Sensing and Identification of SHM-aided Limit States for Ductile Structures 
A previously missing link between earthquake-resistant design and structural health monitoring 
(SHM) is a framework that explicitly connects design criteria with the information generated by 
sensing systems. The grand challenge is to create and sense damage limit states in strong non-
linear region after the initiation of strength deterioration with the aid of sensors and sensing 
systems. The research challenges include the identification of damage limit states with novel 
SHM technologies and leveraging the NEES/E-Defense data archive of large-scale tests. Design 
verification tests using densely-instrumented large-scale test beds. Accomplishing this grand 
challenge will yield opportunities to account for the potential ductility and redundancy in 
structural systems for post-event safety evaluation and reduce downtime before re-occupation of 
damaged structures. 
 
Scientific Importance: 
 Identification of damage limit states will enable rapid damage assessment 
 Damage limit state analysis can be performed within a probabilistic framework 
 Novel sensing technologies will enable direct damage quantification of damage limit 

states 
 Assessment of reliability in damage limit states will empower decision-making 

 
Societal Benefit: 
 Structural-engineer-friendly SHM index 
 Incorporation of the potential residual ductility and redundancy in structures during post-

event analysis 
 Reduced downtime with rapid structural safety assessment 
 Greater benefits to infrastructure owners that offset cost of the deployment of SHM 

systems 
 Increase in public confidence in infrastructure safety and post-event decision-making 

 
Ready-to-Deploy Sensor-based Decision Support System for Post-event Infrastructure Re-
occupancy 
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Rapid recovery is critical for achieving next-generation resilient communities and for 
minimizing the adverse socioeconomic impact following a severe earthquake. The grand 
challenge is to devise new technologies, computational methods, and probabilistic tools for 
making reliable decisions regarding the immediate re-occupancy and use of infrastructure 
systems and their intended functionalities. A broad community of stake holders would be 
engaged to accelerate the transfer of research findings to practice. The research challenges 
include: developing verified sensing technologies for measuring specific damage modalities 
(including their initiation and propagation) before, during, and after an earthquake; mining and 
utilizing existing test data for algorithm and model verification; designing test beds aimed at 
assessing different structural health monitoring methods applied to different classes of structures; 
and assessing structural performance, operational capabilities, and rehabilitation priority. The 
decision support system for re-occupancy and continued operations should incorporate 
uncertainties while still provide definitive actions that are aligned with the needs and 
expectations of engineers, owners, facility managers, and stakeholders. 
 
Scientific Importance: 
 Design and optimize sensors and algorithms for characterizing damage initiation and 

propagation 
 Create test beds for assessing SHM technologies and methods when applied to different 

classes of structures or construction methods 
 Implement validated models for prediction of structural response to different excitations 
 Develop probabilistic decision-making framework that integrates structural resistance and 

demand 
 
Societal Benefit: 
 Significantly enhance the resiliency of large urban environments following major 

earthquakes 
 Reduce socioeconomic impact of major events 
 Improve psychological well-being 
 Enhance functionality and operations of disaster-impacted regions 
 Dedicate shelter and recovery resources to areas of greatest need 
 Prioritize repairs and rehabilitation efforts 

 
City-scale Monitoring for Assessing and Advancing Urban Resiliency 
To take on the scientific and technological challenges associated with creating truly resilient 
cities, existing experimental programs should be expanded to include a focus on city-scale 
response (physical and social) to natural hazard events. Monitoring technologies, in conjunction 
with advance simulation tools, can be used to provide a more comprehensive view of how 
infrastructure systems and human populations respond to earthquakes. Incorporation of emerging 
information sources, such as crowd-sourcing, remote sensing, and social media, will enhance 
regional-scale responses. In the context of future NEES/E-defense research collaborations, 
specific focus should be paid on the development of monitoring technologies that can learn and 
track the physical weaknesses and vulnerabilities that may exist at points of connection of 
infrastructure systems. Experimental programs should also be devoted to the testing aimed at 
understanding how component performance impacts the performance of the infrastructure system 
or network of which that component is a part. Simulation tools can be used to further advance 
how decision makers can rapidly utilize monitoring data to assess system fragilities and to 
allocate resources immediately after the event in the ensuing days and weeks. 
 
Scientific Importance: 
 With fundamental knowledge in the infrastructure system interdependency lacking, 

experimental testing and computer simulation will: 
 Advance sensing methods and data aggregation systems for monitor points of system 
connection 
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 Create simulation tools to model the mechanisms of cascading failures in infrastructure 
systems 
 Optimize data-driven decision-support systems for allocation of emergency response at the 
regional-scale  
 
Societal Benefit: 
 Identify pre-event weaknesses in city-scale systems for hardening to ensure global system 

performance and to eliminate cascading failures 
 Rapidly assess health of urban physical infrastructure post-event: 

 Allocate emergency response resources 
 Enhance the operations of first responders 
 Minimize time to full regional and global economic recovery of region and social impact 

 
 
Opportunities for Payload Projects:  
The working group identified the creation of a large-scale testing program that is open to the 
broader research community for the purposes of identifying damage limit states in seismically 
loaded structures. The specific attributes of this program include: 
 Test specimens designed to illuminate specific damage mechanisms at local and global 

length scales 
 Open access to the research community to validate novel sensor technologies 
 Intelligent sensors for real-time agent software migration of embedded damage detection 

algorithms 
 Create datasets for blind assessment of damage detection algorithms (in addition to the 

research, consider supplemental student competition possibilities) 
 Assess the reliability and durability of sensors and sensing systems 

 
With the establishment of this research program, a diverse stakeholder community should be 
fully engaged: 
 Involve visual inspectors to evaluate tested specimens to identify optimal ways of 

combining SHM data with visual inspections for re-occupancy decisions  
 Quantify the benefits of SHM systems for cost-benefit analyses 

 
 
Opportunities and needs for advancing capabilities of numerical simulation: 
Once the aforementioned testbed has been established, data generated would enhance the 
simulation of regional responses to earthquakes, especially the performance of physical 
infrastructure under ground motion. The following computation opportunities would be available 
for the research community to advance resilient communities: 
 Reduce the uncertainty inherent in numerical models of structures, especially structures 

responding in their nonlinear response regime, through advance online or real-time 
model-updating techniques 

 Agent-based simulation of societal response to earthquakes over varying time-scales 
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APPENDIX V: MINUTES OF JOINT TECHINCAL COORDINATING 
COMMITTEE 

 
Date and Time:  9:30 AM – 10:45 AM, December 13 
Place:   Room N307, DPRI, Kyoto University 
Participants:  Joy Pauschke, Koichi Kajiwara, Julio Ramirez,  
   Stephan Mahin, Masayoshi Nakashima, Lelio Mejia, 
   Takahito Inoue 
 
Issues Discussed: 
  1) Summary of past ten years 
  2) Possibility of Phase III (next five years) 
  3) Next meeting 
 
Resolutions: 
 
Close and carefully tailored collaboration for the past ten years had greatly contributed to the 
advancement of NEESR research and E-Defense research. 
 
Achievement of NEES/E-Defense for the past ten years is worthy of a summary. A special 
session in 16WCEE, to be held in 2017 in Chile, may be a vehicle to make such a summary. 
 
The effort shall continue in the future and to this end the plan for Phase III, which is to start in 
2015, should be laid out at the earliest convenience possible. Continuing exchanges of ideas as 
well as the establishment of face-to-face planning meetings are encouraged. 
 
JTCC learned that NIED is planning multiple large-scale tests for the coming few years, and the 
tests can serve as the objects that are jointly examined by the Japanese and U.S. researchers. 
NIED is encouraged to share the test plans with the U.S. researchers so that they can prepare for 
the collaboration. NIED is also asked to show the price list regarding the use of E-Defense by 
U.S. researchers. 
 
NEES/E-Defense meetings shall continue on an annual basis, and the next target is the summer 
to fall of 2015 dependent on availabilities of researchers in the two countries. 
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APPENDIX VI: PRESENTED PAPERS IN PLENARY SESSION 

Introductory Remarks from NSF  Joy Pauschke 
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An Overview: U.S.-Japan Research Earthquake Engineering  Masayoshi 
Nakashima 
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Overviews on NEES/E-Defense Collaboration on Earthquake Engineering  
Stephen Mahin 
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Special Project for Reducing Vulnerability for Urban Mega Earthquake 
Disasters  Masayoshi Nakashima 
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Recent Activity of E-Defense  Koichi Kajiwara 
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APPENDIX VII: PRESENTED PAPERS IN REINFORCED CONCRETE 
WORKING GROUP 
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APPENDIX VIII: PRESENTED PAPERS IN STEEL WORKING GROUP 
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APPENDIX IX: PRESENTED PAPERS IN PROTECTIVE SYSTEMS 
WORKING GROUP 
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APPENDIX X: PRESENTED PAPERS IN GEOTECHNICAL 
ENGINEERING WORKING GROUP 
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APPENDIX XI: PRESENTED PAPERS IN MONITORING WORKING 
GROUP 
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APPENDIX XII: PRESENTED PAPERS IN WORKING GROUP 
SUMMARY 
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APPENDIX XIII: SUMMARY OF STUDENT ACTIVITIES PROGRAM 

 
AS PART OF THE TENTH PLANNING MEETING  

OF NEES/E-DEFENSE COLLABORATIVE RESEARCH ON EARTHQUAKE 
ENGINEERING 

 

Introduction 

In parallel to the tenth planning meeting, a “student activities program” was organized and 
implemented.  It is for the first time that such explicit student collaboration was organized in the 
NEES/E-Defense collaborative research. Eight students from the United States, one student from 
Canada, and ten students from Japan gathered and exercised intensive exchange, both technical 
and social. The students’ travel to and stay in Japan was supported jointly by the NSF and DPRI, 
Kyoto University.  A summary of the student activities program is shown below. 

Local Organizing Committee (DPRI, Kyoto University): 

Chair,   Ryosuke Nishi 
Vice-Chair,  Mayako Yamaguchi 
Member, Liusheng He, Xiaohua Li, Lei Zhang, Kaede Minegishi, Takuma Togo, 

Hiroyuki Inamasu, Miho Sato, and Akiko Suzuki 

Program Agenda 

December 10, 2013 Social gathering over dinner at Fushimi (organized by Miho Sato) 
December 13, 2013 Student discussion (organized by Mayako Yamaguchi and Ryosuke Nishi) 
   Social gathering over dinner at Fushimi (organized by Akiko Suzuki) 
December 14, 2013 Exploration of Kyoto (organized by Hiroyuki Inamasu) 
 

List of Participants 

First Name Last Name Affiliation Title 
From Japan   
Liusheng He DPRI, Kyoto Univ. Doctoral Student 
Hiroyuki Inamasu DPRI, Kyoto Univ. Undergraduate Student 
Xiaohua Li DPRI, Kyoto Univ. Doctoral Student 
Kaede Minegishi DPRI, Kyoto Univ. Master Course Student 
Ryousuke Nishi DPRI, Kyoto Univ. Master Course Student 
Miho Sato DPRI, Kyoto Univ. Undergraduate Student 
Akiko  Suzuki DPRI, Kyoto Univ. Undergraduate Student 
Takuma Togo DPRI, Kyoto Univ. Master Course Student 
Mayako Yamaguchi DPRI, Kyoto Univ. Master Course Student 
Lei Zhang DPRI, Kyoto Univ. Doctoral Student 
    
From the United States   
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Kolay Chinmoy Lehigh University Doctoral Student 
Maikol Del Carpio Ramos State University of New 

York at Buffalo 
Doctoral Student 

Julie Fogarty University of Michigan Graduate Student 
Kenneth Gillis University of Colorado, 

Boulder 
Doctoral Student 

Dorian Krausz Univ. of California, Los 
Angeles 

Graduate Student 

Jinhan Kwon University of Texas at 
Austin 

Doctoral Student 

Sean O'Connor University of Michigan Graduate Student 
Barb Simpson UC Berkeley Graduate Student  
    
From Canada   
Ahmed Elkady McGill University Doctoral Student 
 

Summary of Student Discussion Session 

Facilitator: Tracy Becker 
Recorder: Sean O’Connor 

The focus of the student group discussion was to share a general overview of the workshop as 
well as future ideas for large scale testing and applications of test data. In addition, several 
challenges associated with U.S.-Japan collaboration were discussed. 

In response to the workshop in general, the majority of the group especially appreciated 
the breakout sessions. Most of the students were excited to be involved in discussions directly 
relevant to their research fields and current knowledge base. The workshop was an excellent 
opportunity for the students to interact with highly regarded professionals from their respective 
fields. Graduate students often feel that their research focus is very narrow and the session 
presentations and discussions provided a broader look at research opportunities. The student 
group also offered ideas on ways to improve the workshop. The student group expressed interest 
in a presentation topics and discussion agenda prior to the workshop, in order to better prepare 
and contribute to session discussions. Also, the addition of U.S. and Japan practicing engineers 
would have introduced a valuable perspective to session discussions.  

A majority of the discussion dealt with ideas and challenges for large scale testing. The 
geotechnical student group expressed interest in soil-structure interaction testing at E-Defense 
for vertical ground motion. In particular, collaboration among geotechnical engineers and 
protective systems engineers could address important concerns in high rise buildings and base 
isolation systems when vertical ground motion occurs. In addition, multi-hazard analysis, 
particularly the sequence of aftershock events following a major earthquake, are well suited for 
E-Defense tests, as the shake table can provide many shaking events in a much shorter time 
period than field testing of actual events.  The geotechnical students also saw a lot of value in 
testing for liquefaction mitigation techniques at E-Defense, particularly for residential housing 
and developing easily adoptable standards or methods for new construction. The structures 
groups expressed interest in E-Defense for several test scenarios, ranging from collapse testing 
using W-shape columns to near collapse response assessment of base isolated systems. The 
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testing of braced frame structures provided an enthusiastic discussion among the students as 
design philosophy tends to differ not only among U.S.-Japan counterparts but also among U.S. 
counterparts. Using E-Defense to perform dynamic testing of vulnerable braced frame structures 
rather than the quasi-static testing available to some was mentioned. Also mentioned was hybrid 
testing of high rise buildings to determine relationships among component level and system level 
failure in braced frame structures. As the workshop had a major emphasis on resilience, several 
structural engineers emphasized the use of large scale testing to develop damage free buildings. 
Among the monitoring group, discussions on the use of large scale testing resulted in a desire to 
have more control in the design of structures being used to evaluate sensors and monitoring 
techniques. Particularly, test specimens and loading scenarios tailored towards specific damage 
modes would assists the structural monitoring group in developing sensors, models and 
algorithms for structural health monitoring. The monitoring group sees E-Defense as a great 
opportunity to conduct SHM prioritized testing to identify damage limit states, meticulously 
characterizing the large gap between safe and collapse states to fully utilize the residual capacity 
of ductile structures for re-occupancy following a major event. The group also mentioned a 
desire to perform shake table testing for non-structural health monitoring and also for developing 
cost-effective monitoring systems. The monitoring group also discussed the opening up SHM 
relevant data sets for blind-testing to accelerate the development of SHM models and algorithms 
and make use of existing test data.  

A discussion on U.S.-Japan collaboration raised many interesting challenges including 
differences in language, lab environment, design culture and standards, facilities, and data. In 
order for U.S.-Japan collaborations to be successful, the group expressed the obvious need for 
sharing. In particular, open access to test data as well as facilities would expedite advancements 
in each field of study. Opening up the design of test specimens to the entire engineering 
community was suggested as way to get the most value out of each test preformed. Laboratory 
access was an interesting topic among U.S. and Japan students. The U.S. students generally 
expressed limited access to lab equipment, governed by daytime working hours of lab 
technicians, while Japanese students have much more freedom with test scheduling. Aside from 
this issue, the large time difference between U.S. and Japan poses challenges to joint hybrid 
testing. Differences in design culture and standards led to questions on how to design 
experiments that are relevant to both U.S. and Japan to optimize the data being generated by 
large scale testing. The student group conceded that this is a difficult problem to solve although 
several suggestions were made, such as designing structures easily adaptable to both U.S. and 
Japan standards (e.g., interchangeable connections, removable braces, etc.). 
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Group Photo after Student Discussion Session 
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