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BACKGROUND
On March 29, 2010, NEEScomm Center Director Dr. Julio RAMIREZ U.S., traveled to China to
meet with researchers from 14 universities led by President Jinping OU from Dalian University
of Technology. The purpose of the trip was to attend a workshop held in Beijing (Figure 1) on
the morning of March 31. The workshop focused on potential research collaborations between
China and the U.S. on earthquake resilience of the urban environment. A key action item was to
conduct a workshop in August 2010 at Purdue University to develop research topics and
proposal teams on China-U.S. collaboration for disaster evolution/resilience of civil
infrastructure and urban environment with broader participation of the NEES research
community. The afternoon of March 31, Dr. Jinping OU and Dr. Julio RAMIREZ visited National
Natural Science Foundation of China (NSFC) and made a presentation on the workshop
outcomes and on the U.S. George E. Brown, Jr. Network for Earthquake Engineering Simulation
(NEES), respectively, to Dr. Jiping RU, Director of the Division of Civil and Environmental
Engineering; Professor Ming LI, Deputy Director of the Department of Engineering and
Materials Sciences; and Professor Chen HUAI, Director of the Division of American, Oceania and
East European Programs. The outcome from the visit was support for establishment of such
research collaboration and Dr. RU offered to begin the dialog with Dr. Joy Pauschke of the U.S.
National Science Foundation (NSF).

Figure 1. China-U.S. Workshop on Earthquake Engineering, Beijing, March 31, 2010
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WORKSHOP OBJECTIVES
The three main objectives of the workshop include: 1) generate opportunities for research
collaboration using facilities and data exchange, 2) discuss testbeds where researchers can
engage in the validation of models and simulation tools, and 3) provide a forum where
researchers and funding agencies from China and the U.S. can discuss and promote synergistic
collaboration. In addition, the discussions would address the linkages necessary to facilitate this
collaboration to improve the disaster evolution/resilience of civil infrastructure and urban
environment in both countries and around the world.

ORGANIZATION OF WORKSHOP
The Hall for Discovery of Learning and Research at the Discovery Park of Purdue University
served as the workshop venue. This building has been the headquarters for NEES Operations,
the NEEScomm Center, since October 1, 2009.
The Workshop Steering Committee included: Prof. Zhongxian LI (Tianjin University, China), Prof.
Bill SPENCER, Jr. (University of Illinois, Urbana-Champaign, U.S.), and Prof. Julio RAMIREZ
(Director, NEEScomm Center, Purdue University, U.S.). The steering committee was responsible
for the meeting agenda and coordinated the invitation and travel logistics of the participants.
The workshop agenda featured a combination of keynote lectures from China and U.S.
representatives and working sessions on three distinct topics noted below.
Hybrid Simulation: As defined herein, hybrid simulation includes both physical and
computational experimentation. In this type of testing, the U.S. facilities have had a
tremendous impact, and this is the area in which the network has seen increases in
activity. Topics to be addressed included an assessment of current software linking
simulation and testing, identification of possible platforms for future development,
and the balance between incremental improvements and transformational
technologies in this area.
Data Infrastructure: This topic focuses on the development of methodologies and
standards for data storage, curation, and access and metadata generated from
simulations and tests. Such an approach is necessary to facilitate interchange of
information, reduce interpretation errors, and broaden the research pool. The
intent of this working group is to conduct a broad discussion of these subjects and to
create a roadmap for future developments, taking into account the needs of the
international community.
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Monitoring: The ability to continuously monitor the integrity of structures in realtime can provide for increased safety to the public. Assessment of structural
integrity after catastrophic events, such as earthquakes, hurricanes, tornados, or
fires, is vital. Additionally, structures internally, but not obviously, damaged in an
earthquake may be in great danger of collapse during aftershocks; structural
monitoring can help to identify such structures to enable evacuation of building
occupants and contents prior to aftershocks. Furthermore, after natural disasters, it
is imperative that emergency facilities and evacuation routes, including bridges and
highways, be assessed for safety.
Each working group was assigned two co-chairs, one from each delegation, and one recorder.
Members of the working groups were asked to give brief opening remarks (no more than five
minutes and three slides) about the task of their working group and introduce his/her views
regarding the main issues before the group. The goal of this activity was to generate discussion
and elicit ideas and opinions from the group about the task. After the deliberations, the
working group chairs and recorder prepared a report about the discussions and opinions
expressed in the sessions and formulated specific recommendations for the working groups. On
the second day, the groups convened in a plenary session to develop a cohesive report with
final workshop recommendations. The subsequent sections of this report contain the detailed
agenda for the meeting, membership of the various working groups, a list of participants,
complete list of participants, summaries of each working group discussions and
recommendations, a plan for future activities, and acknowledgements.

AGENDA
Monday, August 23, 2010
08:15am: Continental breakfast and registration
09:00am: Introduction to the workshop, welcome to Purdue University (Dr. Al REBAR, Executive
Director for Discovery Park) and brief remarks from the guests
09:30am: Plenary lecture from Prof. Jinping OU (Dalian University of Technology, China)
10:30am: Coffee break
11:00am: Plenary lecture from Prof. Billie SPENCER, Jr. (University of Illinois at UrbanaChampaign, U.S.)
12:00pm: Lunch
01:30pm: Working group meetings
03:30pm: Coffee break
04:00pm: Working group meetings
05:30pm: Adjournment
06:30pm: Dinner
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Tuesday, August 24, 2010
09:00am: Working group reports and plenary discussion
10:30am: Coffee Break
11:00am: Workshop summary
12:00pm: Lunch
14:00pm: Adjournment

MEMBERSHIP OF WORKING GROUPS
Working Group 1: Hybrid Simulation
Co-chairs:

Prof. Shirley DYKE (Purdue University, U.S.)
Prof. Jie LI (Tongji University, China)

Recorder:

Prof. Jian ZHANG (University of California-Los Angeles, U.S.)

Members:

Prof. Junhai YONG (Tsinghua University, China)
Prof. Zhongxian LI (Tianjin University, China)
Prof. Gang LI (Dalian University of Technology, China)
Prof. Feng FAN (Harbin Institute of Technology, China)
Prof. Jun TENG (Harbin Institute of Technology, China)
Prof. Steve MAHIN (University of California-Berkeley, U.S.)
Prof. Andrei REINHORN (The State University of New York at Buffalo, U.S.)
Prof. Benson SHING (University of California-San Diego, U.S.)
Prof. Qiuhong ZHAO (University of Tennessee, Knoxville, U.S.)

Working Group 2: Data Infrastructure
Co-chairs:

Prof. Daniel A. KUCHMA (University of Illinois at Urbana-Champaign, U.S.)
Prof. Xilin LU (Tongji University, China)

Recorder:

Prof. Santiago PUJOL (Purdue University, U.S.)

Members:

Prof. Xiuli DU (Beijing University of Technology, China)
Prof. Bin WU (Harbin Institute of Technology, China)
Prof. Yurong GUO (Hunan University, China)
Prof. Ying ZHOU (Tongji University, China)
Prof. Greg DEIERLEIN (Stanford University, U.S.)
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Prof. Laura LOWES (University of Washington, U.S.)
Prof. Julio RAMIREZ (Purdue University, U.S.)
Prof. Yan XIAO (University of Southern California, U.S.)

Working Group 3: Monitoring
Co-chairs:

Prof. Bill SPENCER, Jr. (University of Illinois at Urbana-Champaign, U.S.)
Prof. Hui LI (Harbin Institute of Technology, China)

Recorder:

Prof. Erin SANTINI-BELL (University of New Hampshire, U.S.)

Members:

Prof. Jinping OU (Dalian University of Technology, China)
Prof. Hongnan LI (Dalian University of Technology, China)
Prof. Bin XU (Hunan University, China)
Prof. Khalid MOSSALAM (University of California, Berkeley, U.S.)
Prof. Ahmed ELGAMAL (University of California, San Diego, U.S.)
Prof. Cathy FRENCH (University of Minnesota, U.S.)
Prof. Erik JOHNSON (University of Southern California, U.S.)
Prof. Brady COX (University of Arkansas, U.S.)
Prof. Rudi EIGENMANN (Purdue University, U.S.)

LIST OF PARTICIPANTS
Guest from China:
Dr. Jiping RU, Director of the Division of Civil and Environmental Engineering,
the Department of Engineering and Materials Science, NSFC
Guest from the U.S.:
Dr. Joy M. PAUSCHKE, Program Director, George E. Brown Jr., Network for Earthquake
Engineering Simulation (NEES), NSF
Researchers from China:
Prof. Jinping OU (Dalian University of Technology)
Prof. Xiuli DU (Beijing University of Technology)
Prof. Junhai YONG (Tsinghua University)
Prof. Zhongxian LI (Tianjin University)
Prof. Gang LI (Dalian University of Technology)
Prof. Jie LI (Tongji University)
Prof. Xilin LU (Tongji University)
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Prof. Hongnan LI (Dalian University of Technology)
Prof. Hui LI (Harbin Institute of Technology)
Prof. Bin WU (Harbin Institute of Technology)
Prof. Feng FAN (Harbin Institute of Technology)
Prof. Jun TENG (Harbin Institute of Technology)
Prof. Yurong GUO (Hunan University)
Prof. Bin XU (Hunan University)
Prof. Ying ZHOU (Tongji University)
Researchers from U.S.:
Prof. Steve MAHIN (University of California, Berkeley)
Prof. Khalid MOSSALAM (University of California, Berkeley)
Prof. Yan XIAO (University of Southern California)
Prof. Shirley DYKE (Purdue University)
Prof. Billie SPENCER Jr. (University of Illinois, Urbana-Champaign)
Prof. Jian ZHANG (University of California, Los Angeles)
Prof. Erin Santini BELL (University of New Hampshire)
Prof. Laura LOWES (University of Washington)
Prof. Andrei REINHORN (The University of Buffalo, SUNY)
Prof. Greg DEIERLEIN (Stanford University)
Prof. Cathy FRENCH (University of Minnesota)
Prof. Julio RAMIREZ (Purdue University)
Prof. Benson SHING (University of California, San Diego)
Prof. Santiago PUJOL (Purdue University)
Prof. Ahmed ELGAMAL (University of California, San Diego)
Prof. Dan KUCHMA (University of Illinois, Urbana-Champaign)
Prof. Erik JOHNSON (University of Southern California)
Prof. Brady COX (University of Arkansas)
Prof. Rudi EIGENMANN (Purdue University)
Prof. Qiuhong ZHAO (University of Tennessee, Knoxville)
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SUMMARIES OF WORKING GROUPS
Working Group 1: Hybrid Simulation
Introduction
Hybrid simulation includes both physical and computational experimentation for better
understanding of the performance of complex structure systems under hazard environments
such as earthquake and hurricane, where the nonlinearity in structural components, systemlevel behavior and the randomness in disaster actions should be considered.
In the hybrid simulation field, the NEES program sponsored by the NSF in the U.S. and the
network-based structural lab (NetSlab) sponsored by the NSFC in China have had tremendous
impact with a geographically-distributed network of various large-scale testing facilities linked
by cyberinfrastructure. Some of the topics covered in this working group include an assessment
of current software linking simulation and testing, identification of possible platforms for future
development, and the balance between incremental improvements and transformational
technologies in hybrid simulation.
A summary of these discussions and recommendations regarding the needs of the community
for continued progress are provided as follows:
Summary of Discussions

Real Time

Non Real
Time

Facilities
•
•
•
•

Applications

Reaction walls/frames
Quasi-static loading actuators
Single sites
Linked multiple sites

• Structural subassemblies,
components, and response
mitigation devices not sensitive to
loading rates

• Reaction walls/frames
• Dynamic loading actuators
• Fast local network linking hardware
and software ( sec)
• Single sites

• Loading-rate sensitive structural
subassemblies, components, and
response mitigation devices

• Shake tables
• Fast local network linking hardware
and software ( sec)
• Single sites

• Testing heavy equipment that
may interact dynamically with
supporting structures

• Reaction walls/frames
• Dynamic loading actuators
• Shake tables

• Soil-foundation-structure
interaction

Table 1. Hybrid Simulation Methods and Applications
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State of the Art
Hybrid simulation is a promising technique that can offer an assessment on system-level
behavior of structures, which are otherwise unable to be tested as a whole (Table 1). The
developments in the past decade have been significant in facilitating the implementation of
advanced simulation techniques to achieve this objective. Several simulation platforms have
been developed and validation has been performed on a limited set of cases. However,
encouraging transformational technologies in this area will best be accomplished through the
cooperation and collaboration of researchers from around the world. At this time, real-time
hybrid testing is still in early development. The community needs to develop a common vision
to make progress. The major barriers to implementation include: 1) lack of reliable and secure
communication for distributed or hybrid tests; 2) accurate and stable integration methods; 3)
quantifying the errors involved with both numerical and physical testing and their propagation;
4) testing capabilities to apply the realistic boundary conditions; and 5) actuator dynamics and
computational time for real-time tests.
Motivation for China-U.S. Collaboration
Both China and the U.S. offer resources to realize a meaningful collaboration in advancing the
knowledge in hybrid simulation. On the China side, several large scale testing sites are being
developed. This includes reconfigurable shake tables at Tongji University and Chongqin
University, an underwater shake table at Tianjin University, and large scale real-time hybrid
simulation system at Harbin Institute of Technology. Two simulation platforms, namely SiPESC
and Netslab, as well as visualization tools, have also been developed in China. On the U.S. side,
these include the 14 NEES testing sites, network cyberinfrastructure, simulation software
(OpenSEES, IDARC 2D/3D, NISRAF, MAEviz) and middleware (OpenFresco, UI-Simcor, etc.).
Through the China-U.S. collaboration, it is possible to build upon the strengths of both partners
and develop appropriate modeling methodology to build accurate representations of real-world
engineering structures in order to understand the structural level behavior of large-scale and
complex engineering structures under dynamic and hazard loadings and harsh environments.
This collaboration strategically aligns with the NSFC’s current research thrust area of disaster
evolution of major engineering structures.
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Testbed for Validation

Figure 2. Possible Testbed Structure at the University of California, Berkeley

In order to validate and further develop the hybrid simulation integration methods, carefully
designed testbeds are needed. The testbed should consist of nonlinear components; different
simulation platforms; numerical algorithms in time and space domains and physical control
algorithms; and consider the interaction of control devices with test specimens. For the
purpose of the validation, the testbed should be reproducible, i.e., can be tested at the system
level. Simple nonlinear systems (e.g., replaceable connections, etc.) can be used to evaluate the
effects of the inertial forces, boundary conditions and loading history, etc. Gradually, the
complexities and the speed of test are added. Several testing structures in the U.S. may be
possible candidates for the testbed of validation, such as the frame structure with fuse
connections at the University of California, Berkeley (Figure 2), the bridge model with sacrificial
elements at the University of Buffalo, SUNY and the planar system under development at
Lehigh University.
The roadmap of the testbed could follow these steps: 1) component testing considering
different boundary conditions and nonlinear material behavior; 2) shake table testing of the
system for comparison with the hybrid simulation; 3) hybrid simulation at system level without
physical mass but through numerical simulation; and 4) hybrid simulation of a substructure of
the system. Through the testbed, one can compare force control with displacement and
acceleration control method, validate the software platform, and use the test data to update
the numerical substructure. To improve the accuracy, reliable internal force measurement
techniques should also be developed. Furthermore, benchmark problems should be developed
10

to facilitate the development of new approaches and compare and contrast different methods.
One successful outcome of the testbed would be the development of standardized middleware
for integration that works with the secure communication protocol, works with several control
techniques, provides visualization, and provides management of data structure.
Challenging Problems
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Figure 3. Challenges Associated with Testing and the Need for Hybrid Methods

1. Multi-scale modeling and Simulation Approach:


Comprehensive experimental and theoretical study on the micro and macro
modeling of widely employed engineering materials such as concrete.



Multi-scale simulation methodology to bridge the gap between the nonlinearity
of constitutive models in material level and the performance in structural
member level and that in structural system level.



Accurate modeling of strain-rate and scale effects.
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2. Effects of Randomness and Nonlinearity on Performance of Large-scale and Complex
Structural Systems (Figure 3):


Effects of strong randomness on the parameters of engineering materials such as
concrete and in the input loadings.



Effects of the nonlinearity of structures under hazard and dynamic loadings.

3. Validation and Applicability Assessment of the Developed Software and Platforms for
Hybrid Simulations:


Benchmark problems to validate and assess the applicability of the hybrid
simulation software and the platforms developed by China and U.S. with the
consideration of the hybrid simulation speed/rate issues, scaled tests, and multiscale tests.



Performance of hybrid simulation software and platforms assessed by
participant and third parties and described in clear guidelines, where the
capabilities of each approach can be used to select the best approach for
simulation.

Potential Research Topics
1. Basic Scientific Problems Behind Hybrid Simulation:


Constitutive model for basic civil engineering materials, especially concrete,
which is still the most widely employed material in civil engineering under
dynamic loadings and harsh environments.



Damage and failure mechanism of civil engineering structures: damage
constitutive model.



Multi-scale physics and novel nonlinear analysis approach.

2. Experimentation and Experimental Platforms:


Comprehensive dynamic experimentations for typical civil engineering materials,
development of complex loading techniques, displacement and force control
techniques in hybrid simulations.



Identification of possible platforms for development.
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Open-source distributed middleware and tools interoperable with existing offthe-shelf tools and platforms.



Network experimental approach to typical structures based on NEES and/or
other available remote test platforms.



New measurement techniques in structural experimentations, static and
dynamic strain measurement techniques of materials.

3. High-Performance Simulation Software:


Development of the open and centrally supported hybrid simulation platform to
link the various sites that are interested in multi-site simulation in both the U.S.
and China. Accordingly, an internationally-accepted, best practice document that
defines the minimal requirements essential to the development of compatible,
multi-site simulation coordination software is necessary.



Systematical assessment of validation and applicability of the software platforms.

4. Real-time Hybrid Testing Developments:


Real-time computing and communication technology as a key enabling
technology for real-time hybrid tests.



Examining how control theory and real-time theory can be better integrated for
more effective management of realistic real-time hybrid structural testing.

Possible Collaborations
1. Collaboration in Hybrid Simulation:


Identify the special strengths of each country: Researchers and institutes from
both sides are at the leading level in test facilities, simulation technologies and
hybrid simulation platforms so that participants from the U.S. and China can
work together efficiently.



Share test data, models and local facilities: Make it possible for researchers to
internationally access metadata publicly available and in a transparent format
from some experiments conducted to date or some historical tests.
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Exchange timely, new developments and documents: Documents describing the
data models (neutral data format), experimental data, structural models,
material properties, boundary conditions, test inputs, and the software used
should be shared within the research teams. Unified data structure should be
defined to make the experimental and simulation data models compatible.



Discussion and collaboration in challenging issues: Periodical joint workshops
should be arranged to discuss the timely and challenging issues. Ecommunication in the format of electronic journal or publication can be
considered.

2. Collaboration in Software Development


Increasing the applicability and reliability of the software: Updating of software
should be kept in the archive so computations are repeatable.



Code sharing (opensource), integration of modules from the other side: Develop
a simulation tool that models existing test equipment. Feasibility studies can be
carried out by using modules that would allow users from both sides to plug
their experimental model into the site model. Consistency in the level of detail
and capabilities of each simulation tool should be maintained.



Establishing a timely forum for each side.

Recommendations
The working group discussions resulted in the following recommendations.
1. Recommendation to both China and U.S. participants on International Collaboration and
Exchange Policy：Several researchers from both China and U.S. indicated that they
would welcome international exchange students and faculty in their laboratories for
research activities. Individual researchers in the U.S. can apply directly to the NSF for
possible funding support from the International Division at the National Science
Foundation and the International Research and Education in Engineering (IREE).
Students can apply to the existing Summer Institute program to participate in research
activities in China. NSFC may consider establishing similar program to enhance the
exchange of students and faculty.
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2. Both countries should find and establish any possible channels for paired international
funding and funding infusion for research projects pursuing common goals. Individual
researchers of both sides can do their best to consider any possible means to fund
involved international researcher exchanges.

Working Group 2: Data Infrastructure
Introduction
The discussions in this topic centered on the development of methodologies and standards for
storage, curation, and access to data and metadata generated from simulations and tests. This
approach would facilitate interchange of information, reduce interpretation errors, and
broaden the research pool. This working group conducted a broad discussion of these subjects
and attempted to create a roadmap for future developments, taking into account the needs of
the international community.

Summary of Discussions
Topic 1. Research Initiatives Related to Data Infrastructure to Support Earthquake Engineering
Research: Development of a Platform to Support Component-Specific Research Databases

State of the Art
In civil engineering, there are several types of research databases. The type of database which
has been created in NEES to date (http://nees.org/warehouse) supports the ingestion of
detailed data from entire projects involving several tests, each having hundreds of sensors,
photographs, videos, annotations, drawings, analyses files, and publications. These tests
include experiments done on shake tables, in centrifuges, in tsunami wave basins, in large
structural laboratories, as well as in the field. Other “databases” are collections of detailed
quantitative information about specific types of structural components. For instance, a
collection of properties and results of reinforced concrete (RC) beam-column connections
physical tests is called a database. The test results are usually summarized in a load-deflection
curve, and do not include measurements from large numbers of sensors. The latter databases
(component-specific databases) are pivotal in engineering practice because they provide
specific information necessary to substantiate design and evaluation procedures.
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Challenging Problems
Unfortunately, few of the component-specific databases have been developed, maintained,
updated, and disseminated in a systematic manner. Those that exist are commonly created and
maintained in an ad-hoc manner by small groups of academics and practitioners. These types
of databases do not fit within the general data model used by NEES to generate data
repositories because they contain details that are relevant to a particular type of structural
component but not to other components or systems. The potential of providing support and
accessibility to these databases has been made clear by the success of a database created by
the National Institute of Standards & Technology (NIST) in the 1990s to summarize information
from tests of RC columns. The database is now maintained by the Pacific Earthquake
Engineering Research Center (PEER) (http://nisee.berkeley.edu/spd/) and is arguably the most
widely used resource of research results on the response of RC structures to earthquakes.
What has been done in the case of RC columns has not been done in other cases. In addition,
the databases have not transgressed international and language boundaries. In the same way
the community uses the database for RC columns, the community would greatly benefit from
databases of test results from other types of structural components such as RC joints, steel
columns, wooden shear walls, and RC shear walls, to name a few. There is an urgent need in
the community for cyber infrastructure to enable the creation, maintenance and access to
databases that address specific subjects or components in detail.

Potential Research Topic
The objective would be to develop tools to create, maintain, and disseminate databases
containing information from the field and the laboratory about the performance of particular
structural components.

Possible Collaboration
The collaboration would ensure that the databases will be well-populated, as they would
include data generated in China and the U.S., and would also ensure that the databases target
large audiences, including users in both countries.
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Recommendations
The databases to be created shall be well-populated, use standard formats, be simple to use,
reliable, associated with analysis and visualization tools, and sufficiently complete (that is, each
entry shall contain all the information required to correctly interpret the data given). An initial
testbed for this effort could consist of a RC shear-wall database. A prototype of such database
is shown in Figure 4. Prof. Xilin LU from Tongji University has classified results from 93 tests of
RC shear-walls. Similar data could be added from results of tests done in the U.S.

Figure 4. Prototype Shear Wall Database on the NEEShub

The resulting database would serve as a prototype to design and test the required
cyberinfrastructure. Given the attention to RC walls caused by the recent earthquake in Chile,
this database would be put to use as soon as it is published. RC shear walls are structural
elements resisting more than 80% of the lateral loading, and they have suffered severe damage
in recent earthquakes. Unfortunately, experimental and simulation data on shear walls is very
rare and is distributed through individual institutes. The creation of such databases on the
NEEShub platform for collaboration would make such valuable data immediately available at no
cost to the research community. NEES has already built most of the underlying infrastructure
needed, and with some enhancements in the making, would provide the necessary data
analysis and visualization tools.
Therefore, the development of a shear-wall database in which collected data can be ingested to
serve the needs of the research and practice communities to study the shear wall behavior in
depth and through this improve design practices would be a worthwhile endeavor. A possible
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outline of the tasks needed could envision: 1) U.S.: creation of the tools and resources to
implement the program on NEEShub; 2) China: creation of a mirror site version in Chinese; 3)
U.S. and China: collection and classification of data to create prototype databases; and 4) U.S.
and China: development of data formats for data management.
The development of cyberinfrastructure tools for creating component-specific databases,
coupled with projects in the U.S. and China to populate these databases, will provide
unparalleled collections of data for analysis and use by the international community. It is
expected that these collections will rapidly gain acceptance as definitive collections of test data
on specific structural components (such as RC shear walls).
Topic 2. Research Initiatives Related to Data Infrastructure to Support Earthquake Engineering
Research: Development of a Platform to Support Collection, Curation, and Dissemination of
Field Data

State of the Art
Since 1973, the Earthquake Engineering Research Institute (EERI) Learning from Earthquakes
program has enabled the collection of data from sites affected by earthquakes. The data
collected through this program has been useful in the development and implementation of
design and evaluation standards and retrofit methods. The observations from reconnaissance
trips were typically summarized in newsletters, journal papers, and other paper-based reports.
Unfortunately, these media did not enable the publication of all collected information, quite
notably large numbers of photographs and detailed geometric data. Developments in
information technology now allow the profession to “consider electronic data collection and
storage in a much more systematic manner.”1
Recent initiatives and developments in Geomatics and remote sensing have allowed better
mapping of field data. An example of the potential benefits of the use of Geomatics in data
collection is the reconnaissance work done in Niigata, Japan, in 2004 and 2007. Through this
work, landslides were documented using LIDAR and photographs associated with geographical
coordinates. Similarly, new technology can be used to document structural damage in a
systematic manner, covering larger areas to provide statistical information on the distribution
of damage, and providing more detail for the structures of interest.

Collection & Management of Earthquake Data: Defining Issues for an Action Plan, EERI,
Aug. 2003.
1
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Challenging Problems
The profession needs a robust platform for cataloguing and disseminating collected field data.
The platform would allow researchers to store and study: 1) general information about the site
or structure (number of stories, type of building material, occupancy.); 2) geographical details
on the location and dimensions of structures; (3) drawings; 4) bore-hole data; 5) ground motion
and sensor data (if available); and 6) information on damage (photographs, crack maps,
annotations).
Perhaps the most critical issue in the creation of a meaningful repository of field data has to do
with the legal implications of the publication of drawings and detailed information about
particular structures.
Potential Research Topic
The objective of this project would be to partner with information technology (IT) developers to
create a flexible platform that can be used by researchers as a central repository of quantitative
and qualitative field data about the performance of structures and soils during earthquakes.
Possible Collaboration
Collaboration between China and the U.S. on this topic is important because it brings to bear
the strengths of both partners and provides synergy to the activities by bringing together the
invaluable information from the Wenchuan Earthquake and the infrastructure already
developed by NEES in the U.S. (http://nees.org). NEES has already built most of the underlying
infrastructure that is needed and many of the needed tools for data storage, curation, analysis
and visualization (Figure 5).
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Figure 5. NEES data repository (Project Warehouse) on the NEEShub

Recommendations
1) During the Wenchuan Earthquake, more than four hundred ground motion records were
obtained. Damage to large numbers of structures was catalogued. These facts make The
Wenchuan Earthquake an exceptional choice for creating a prototype database for field data.
2) Obtain permissions for release of earthquake records.
3) Catalogue and summarize the available information from surveyed buildings.
4) Provide input and feedback on the tools for use in NEEShub that need to be created for data
ingestion and use.
5) Adapt the existing infrastructure in NEEShub to store the data to be provided by China.
6) Define the appropriate data model.
20

It is expected that the proposed infrastructure will enable researchers, practicing engineers,
and other decision makers to make better use of the wealth of information that can be
obtained from sites affected by earthquakes. The resulting database will lead to more effective
design and evaluation practices.

Topic 3. Research Initiatives Related to Data Infrastructure to Support Earthquake Engineering
Research: Use of Existing Tools for 3D Modeling and Visualization to Manage Data and
Metadata from Experimental and Numerical Research.

State of the Art
Most of the data visualization tools that have been developed in the NEES community have
been solely developed for viewing sensor data. Meanwhile, Building Information Modeling (BIM)
software tools, such as REVIT and TEKLA, have revolutionized the design and construction
industry. These tools enable architects, engineers, fabricators, and contractors to use a
common digital working platform of 3D drawings and associated requirements. This expedites
the work process by identifying problems earlier in the project and dramatically reducing
interpretation errors.

Challenging Problems
The earthquake engineering community needs a single computational platform capable of
handling all the heterogeneous datasets required to describe completely the results from a test
on a system. As an example, the information needed to fully define the response of a structural
system includes:
• the complete geometry of the structure, including internal details such as the location of
reinforcement and its anchorage conditions
• mechanical properties of materials that include at least strength and initial stiffness, but
should also include, when possible, the complete stress-strain response of all materials
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• location and orientation of all sensors as well as their measured readings
• pictorial and video data
• annotations and damage maps

Potential Research Topic
A potential research topic is the investigation of if and how BIM software could be adapted to
manage simulation and sensor data, images, videos, and metadata. This adaptation would
integrate all the information related to a structure, a test specimen, or a model, in a single
system. Currently, information about geometry, materials, configuration, fabrication, and
response are produced, stored, and disseminated independently. This leads to errors, loss of
information, and very limited use of the data needed to fully understand the performance of a
system to imposed loading.

Possible Collaboration
Through collaboration between China and the U.S., the project will likely count with larger
human and economical resources, and larger user groups than if it was to be pursued by either
country independently. The main task of the project would be the development of the software.
To complete this task the following subtasks would be required: 1) explore opportunities to
partner with commercial enterprises that sale proprietary BIM software; 2) define the desired
functionality in detail; 3) define formats for data and metadata; 4) program and test the
software; and 5) train users.
Recommendations

1) The expected outcome is software to construct accurately detailed, modular 3D structural
models of a wide range of structural test specimens for physical or numerical simulation.
NEEShub, the NEES collaboration platform, is the ideal initial place to house the project because
of the experience it has accumulated in the past eight years in describing, archiving, and
disseminating research data.
2) The software shall support information on material properties, sensor information (location,
direction, units, and accuracy), sensor data, photographs and video, annotations, and metadata.
All these sets of information shall be linked to one another through an interactive 3D interface.
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3) The software shall also be capable of reading and writing data from and to a central
repository of curated data. The creation of this software would transform how sensor data is
used to calibrate and vet computational (numerical) models of structures. This would draw
members of the computational modeling community to the use of data provided by NEEShub.
Because this software would provide a complete description of the test structure and its
measured response, non-NEES researchers from the US and around the world would be able to
learn from the completed experiment to nearly the same degree as did the original project
team.

Working Group 3: Monitoring
State of the Art
There have been several notable advancements in monitoring technology, including wireless
sensing and remote data acquisition that can enable substantial advances in the accuracy and
efficacy of structural monitoring. Similarly, there have been significant advancements in
mathematical modeling, shake table testing and hybrid simulation.

Challenging Problems
One of the major gaps that this workgroup identified was the lack for full-scale, densely-sensed
test data, especially during seismic events.

Motivation for Collaboration
There are unique opportunities in China due to the rapid population growth. In order to
accommodate the political and economic growth in China, there are an increased number of
structures recently constructed or under construction that push the technological envelope.
These structures include dams, super high-rise buildings and ultra-long suspension bridges. The
majority of mega cities in China are in seismically active zones and typhoon prone regions,
which make the design of these structures particularly critical. Since many of these structures
are government-owned and operated, our Chinese colleagues with research funding from the
Chinese government via National Natural Science Foundation or other agencies will have
significant access to these structures for instrumentation and monitoring. Working closely with
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Chinese researchers, US researchers will have access to this data to advance the state of
earthquake and multi-hazard engineering, structural health monitoring, and structural design.
Each project is related to structural monitoring, as shown in Figure 6.

Aftershock
Instrumentation Team

China-US
Collaboration

Ultra-Long
Span
Suspension
Bridge

Super Tall
Building

Figure 6. Three Proposed Projects for China-U.S. Collaboration

Potential Research Topics
The objective of the three potential project ideas that were developed during this working
group is to collect full-scale, dense-sensor data from both standard structures during seismic
events and advanced structures that push the envelope in load development, analysis and
design. The proposed projects include instrumentation and analysis that will validate the
structural designs and characterize the structural performance and environment load, such as
wind and seismic effects, in an effort to develop a database. This database will be used to
advance the state of seismic design and performance-based design and structural assessment.
The information collected will also be used to detect, localize and quantify damage before it
reaches critical levels.
Topic 1. Aftershock Instrumentation Team
There are many buildings located in high-seismic zones in China, the U.S. and around the world.
The instrumentation in most buildings, if any, is sparse. There is a lack of data collected from
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densely-instrumented buildings during a seismic event. While it is not economically feasible to
densely-instrument every building in seismically active zones, it is also not possible to predict
where and when an earthquake will occur. However, seismic response data from an in-service
structure can be collected during aftershock seismic events as well. It is well known in the
seismic community that major seismic events are followed by aftershocks within 72 hours that
can have significant magnitudes.
This project focuses on the rapid deployment of dense wireless sensor systems by a team of
researchers to collect data from major aftershocks. The project includes the development of
sensor deployment plans for multiple classes and types of buildings. The plans would need to
determine the location and number of sensors required to capture the seismic response of the
various building classes. The deployment package would include wireless sensors, data
acquisition systems and monitoring plans that can be deployed within 24-hours of a major
seismic event. The information collected from the monitoring can be correlated with the
results from hybrid-testing of individual structures with physical component experiments.
Further assessment of damage in the main shock and residual seismic performance can be
examined based on the results of monitoring and hybrid-testing.
Challenges to this proposed project include the physical logistics of rapid sensor deployment to
a potential disaster site. The project would require a training program so that the installers are
well versed in the art of instrumentation with sufficient engineering knowledge and
understanding of structural systems to make field adjustment to the sensors locations as
needed. This plan would also require a large inventory of wireless sensors that are packed and
ready for rapid transport and installation. This sensor inventory can be deployed, collected,
refurbished and re-deployed to multiple structures, as appropriate.
The potential outcomes from an aftershock instrumentation team deployment include the
increased availability of full data from a densely-instrumented structure under seismic loading.
These data sets will not only provide information related to the development of seismic loading,
but also the structural response of an as-built structure.
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Topic 2. Shanghai Tower
The Shanghai Tower (上海中心大厦) is currently under
construction in Shanghai and will be 632 meters tall upon
completion. This structure is owned by a government
agency, which creates a unique opportunity for access to
the structure for instrumentation and monitoring. A
multidisciplinary team of researchers will develop a
synergistic instrumentation plan that would integrate the
structural control, heating ventilation and air-conditioning
system, fire protection system, structural response
instrumentation, and building energy systems. These
systems all use sensors and can share communication,
power and access. The instrumentation system will not
only capture seismic response but also wind excitation and
fire protection that are not well understood for these
advanced structures.
Some challenges associated with this project are the modeling of the structural elements in a
super tall building. For super tall buildings, the size of members is quite large; for example, the
cross-section of one column in the Tianjin 117 Building is 50m 2; for Shanghai Tower, the column
cross sections are as large as 23m2, and the cross-section of shear wall is 45m2. All columns are
steel-concrete composites. The challenge, then, is to develop a NEES hybrid system that can
apply loading on critical elements so large and provide correct boundary conditions for
nonlinearity investigation.
Some potential outcomes from this project are the correlation of actual structural behavior and
the as-designed or predicted structural behavior. There is a disconnect between the assumed or
calculated design loads and the actual or experience loads, such as wind or thermal loads that
could be addressed through this project. The information collect through this project will also
be used to refine adaptive structural control algorithms based on the actual loading and
structural response.
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Topic 3. Xi Hou Men Bridge

Xi Hou Men ( 西堠门 ) is a 1650 meter long suspension bridge which was recently constructed.
This bridge is instrumented with a comprehensive monitoring system and is located in a
typhoon-prone and seismically active region. The proposed project will expand on the
multitude of environmental sensors to capture seismic and structural response information.
The additional sensors will include wireless gauges adjacent to the wired gauge for a
comparison of data quality. The bridge as constructed has wired instrumentation including 10
anemoscopes, seven temperature and humidity sensors, 46 temperature sensors, 14 GPS, 16
inclination sensors, seven displacement transducers, 24*3 strain gauges, 24 accelerometers and
186 wind pressure sensors.
Chinese bridge owners are very interested in structural health monitoring (SHM) and have high
expectations for the benefits of SHM. Several suspension bridges are planned for construction,
providing opportunities to instrument a bridge during construction, and provide the possibility
of collaboration with a NEESR Team, particularly partnering with the NEES facilities at the
University of Nevada, Reno, or at the University of Buffalo, SUNY to test long-span bridges for
advanced hybrid simulation.
The potential outcomes of this project include the increased value of a Bridge Management
Protocol created based on the performance information collected from this bridge. Given the
unique nature of the Xi Hou Men, the collected response and loading information will be used
to advance bridge design methodologies and assessment protocols, including wind load
estimates. Using this information, the impact of visual damage on structural response of real
structure behavior can be quantified for a basis for asset allocation.
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FUTURE ACTIVITIES
Following the successful first joint workshop China-U.S. on “Collaboration for Disaster
Evolution/Resilience of Civil Infrastructure and Urban Environment,” the following four main
resolutions were reached:
1. The organizers pledged to reconvene for a second workshop within a year’s time.
2. To plan for a minimum of five years of subsequent workshops.
3. A list of current NEESR PI’s will be provided to the representatives from China to foster
potential collaborations in the form of new projects or supplements to ongoing projects.

4. It was agreed that the partnership is ready to consider applying for support from the
National Natural Science Foundation of China, and the National Science Foundation.
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