


INTRODUCTION

i

Because science and technology are crucial to mitigating natural and manmade effects on critical
infrastructure and ensuring the continuity of their services, the U.S. Department of Homeland
Security (DHS) Science and Technology (S&T) Directorate has established a goal to accelerate
the delivery and understanding of enhanced technological capabilities. In support of this goal, the
Infrastructure and Geophysical Division (IGD) of the Science and Technology Directorate, U.S.
Department of Homeland Security established a program to investigate the enhancement of
building stabilization after an improvised explosive device (IED) attack. To that end, DHS S&T
sponsored the 2010 Monitoring and Sensing of Near-Collapse Buildings Workshop.

Through white paper discussions and breakaway sessions, participants in the workshop
investigated the critical monitoring and sensing technology for assessing the stability of a
building struck by an IED to interpret, analyze, and distribute data, in real- or near-real-time. The
availability and transfer of information is vital to stabilizing a structure for rescue efforts.

The results of this workshop will be used to create a research clearinghouse and a state-of-the-art
report outlining the available and potential technology that could be used to aid first responders
in the stabilizing buildings. These efforts are anticipated to lead to a technology transfer to the
private sector, which will allow the rapid deployment of products to stabilize buildings after they
have been impacted by IEDs.

The Infrastructure and Geophysical Division of the Science and Technology Directorate, U.S.
Department of Homeland Security would like to thank the University of Mississippi in Oxford
for hosting the conference and providing space and support.

Ruth M. Doherty, Ph.D.
Program Executive Officer
PEO (C-IED)
U.S. Department of Homeland Security

Stephen D. Hancock
Director for Program Integration
PEO (C-IED)
U.S. Department of Homeland Security
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Day 1 – Tuesday, April 6, 2010
Theme: The first day of the workshop concentrated on the state of the art and knowledge gaps in
monitoring and sensing technologies. This included a) monitoring and sensing technologies
currently available to collect, analyze, and disseminate information on site, b) monitoring and
sensing technologies currently under development that could be useful, and c) the current state
of practice for remote versus on-site sensing technologies.

7:30 Registration

8:00 Welcome and Introductions

Milagros Kennett – DHS, S&T/IGD
Alice M. Clark – Vice Chancellor for Research and Sponsored Programs
Alexander Cheng – Dean, School of Engineering

8:30 Session 1 Problem Definitions

Keynote: Matt Haupt
Building Stabilization Effort after IED Attacks

Eric Letvin
Building Stabilization: An Integrated Approach

9:45 Break

10:00 Session 2 Overview of Sensing, Monitoring, Damage Identification and Needed
Information for Near-Collapse Buildings

Mohammed Ettouney for Sreenivas Alampalli
Sensors in Civil Infrastructures and Their Potential Utilization for Near-Collapse
Buildings: The Basics

Peter Vanderzee
Adopting Commercially Available Sensing and Monitoring Technologies

Elizabeth Ervin
From Sensing to Damage Identification in Unstable Buildings

Hollice Stone
Building Stability Information Needs, Hazard Assessment, Mitigation, and
Monitoring in Near-Collapse Buildings: Current Approach from the US&R
Engineer’s Perspective

Peter Keating
Near-Collapse Buildings: From Sensing and Monitoring to Information for
Stakeholders

12:05 Lunch
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1:30 Session 3 Current Practices

Richard Christenson
Online Monitoring Framework for Structural Identification and Damage Detection

Michael Barker
Real-Time Remote Monitoring of Compromised Structures during Catastrophic
Events

Wayne Haase
Collapse Prediction System for Structural Fires

2:45 Break

3:00 Breakaway Sessions
1A: Sensors
1B: Needed Information
1C: Structural and Damage Identification

5:00 Break

5:30 – 6:00 Moderators and co-moderators meet to prepare for reporting to general assembly
next morning

6:30 Short sightseeing tour of Oxford,
Double-decker bus pickup in front of Inn at Ole Miss

7:00 – 8:00 Reception at Southside Gallery, Oxford Square
(Double-decker bus will discharge passengers on location)

8:00 Dinner on your own at Oxford Square (many restaurants)
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Day 2 – Wednesday, April 7, 2010
Theme: The second day of the workshop concentrated on a) the information emergency
management personnel need, including the type and priority of information needed as well as the
form in which emergency management personnel need information transmitted, b) the
information that would cause emergency management personnel to suspend or discontinue a
rescue or stabilization effort, c) the role of uncertainty in real-time decision-making, and d) the
method by which information is communicated to the structural engineer and other stakeholders.
In addition, the workshop attendees deliberated the monitoring and sensing technologies that
need to be developed to better process information. This included a) the data needing to be
sensed and collected, b) damage identification methods of near-collapse buildings, c) structural
identification/analysis methods of near-collapse buildings, and d) pre-event versus post-event
sensors (deployed by emergency management personnel and FEMA Urban Search & Rescue
[US&R] personnel).

8:30 Reporting of Day 1 sessions and resolutions Introductions to Day 2

9:00 Session 4 Equipment and Techniques

Vincent Chiarito
Monitoring Damaged Buildings for Assessing Structural Integrity

Peter Keating
Techniques and Equipment for Monitoring Damaged Structures

Michael Barker for Blake Rothfuss
Case Studies and Lessons Learned from Structural Monitoring of Compromised
Structures Following Catastrophic Events

10:15 Break

10:30 Session 5 Modern Sensing Technologies for Near-Collapse Buildings

Dan Rubenstein
EnHANTs: An Energy Harvesting Sensing and Monitoring System for Tracking
Applications

Atef Elsherbeni
Millimeter Wave Reflectarray Technology for High-Resolution, See-Through-Wall
Imaging Systems

Chung Song
Implementation of a Ubiquitous System to Monitor Near-Collapse Buildings

11:45 Lunch
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12:50 Session 6 The Future of Sensing of Near-Collapse Buildings: From Detection to
Decision Making

Mohammed Ettouney
Sensing, Structural Identification, Damage Identification, and Decision Making for
Near-Collapse Buildings: Challenges for a Comprehensive Approach

Greg Easson
Rapid Building Damage Assessment from Remotely Sensed Imagery

Andrew Zimmerman for Jerome Lynch
Opportunities and Challenges in Monitoring the Health and Stability of Civil
Structures Near Collapse

Earle Kennett
BIM Basics and Utilization for Stabilization Efforts

2:20 Breakaway Sessions
2A: Real Time and Near Real Time Decision Making
2B: Knowledge Gaps and Future Challenges

3:15 General Assembly and Resolutions

3:45 Adjourn
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Matt Haupt
Matt Haupt, PE, BSCP, is the Anti-Terrorism/Force Protection Team Leader
for the URS Corporation in Gaithersburg, Maryland. He has more than 20
years of experience in multi-hazard mitigation and design, serving Federal,
State, and local clients. He has experience in infrastructure risk assessments,
hazard/threat identification, vulnerability assessments, and the design of
protective measures for man-made threats and natural hazards. He has
participated in disaster contingency work including the Loma Prieta
Earthquake, Hurricanes Hugo, Andrew and Katrina and Mount Pinatubo
Volcanic Eruption.

Mr. Haupt is part of a subject matter expert team working with the Department of Defense
(DoD). He regularly teaches courses in building design in disaster-resistant construction for
FEMA throughout hurricane-prone regions of the United States.

Mr. Haupt is a Commander for the U.S. Naval Reserve and is presently the contingency engineer
for U.S. Africa Command. Prior to that, he performed as the Contingency Engineer for
Commander Naval Forces Europe, Commander Naval Forces Africa, and Commander SIXTH
Fleet, Detachment 108, in Naples, Italy. He performed battle damage assessment for the
Republic of Georgia after Russia attacked that nation. He is a plankowner for the Contingency
Engineering Unit for U.S. Africa Command, and has performed numerous risk assessments in
Iraq, Afghanistan, Europe, and Africa.

Mr. Haupt holds a bachelor’s degree in Ocean Engineering from Florida Atlantic University, and
masters degrees in Environmental Engineering from University of South Florida and Strategic
Studies from the Navy War College in Newport Rhode Island.

Keynote – Building Stabilization Effort after IED Attacks
The keynote presentation is a discussion of Mr. Haupt’s experience with near-collapse buildings
in Iraq and Afghanistan. The presentation is not available for these proceedings.

● ● ●

Eric Letvin
Eric Letvin, PE, Esq., is a Principal Engineer and Attorney for the URS
Corporation in Linthicum, Maryland. He has more than 15 years of
experience in multi-hazard mitigation and design, serving Federal, State,
and local clients. He has experience in infrastructure risk assessments,
post-disaster forensic analysis, hazard/threat identification, vulnerability
assessments, and the design of protective measures for man-made threats
and natural hazards. He served as project manager of the FEMA/ASCE
team that performed the engineering study of the World Trade Center
disaster, and has participated in numerous post-disaster studies including the bombing of the
Murrah Building in Oklahoma City, Hurricanes Opal, Ike, and Katrina. He has assessed over 200
buildings for risk from terrorist threats and natural disasters.
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Mr. Letvin is part of the subject matter expert team working on the development of the rapid
visual screening tool with FEMA, DHS’ Science & Technology Directorate. He is the program
manager for URS’s contract with DHS’ Protection and Programs Directorate (Office of
Infrastructure Protection). He regularly teaches courses in building design in disaster-resistant
construction for FEMA throughout hurricane-prone regions of the United States. He has taught
FEMA’s Building Design for Homeland Security Course, which teaches students how to conduct
risk assessments of critical infrastructure and design protective measures, 23 times to over 400
people in the past 5 years.

Mr. Letvin has been the consultant project manager for numerous FEMA mitigation publications
including the recently released FEMA 453, Design Guidance for Shelters to Protect Against
Terrorist Attacks; FEMA 426, Reference Manual to Mitigate Potential Terrorist Attacks Against
Buildings; FEMA 452, Risk Assessment: A How-To Guide to Mitigate Potential Terrorist
Attacks; and FEMA 428, Primer to Design Safe School Projects Against Terrorist Attacks.

Mr. Letvin holds bachelor’s and master’s degrees in civil engineering from Syracuse University
and received his Juris Doctor from the University of Maryland.

Building Stabilization: An Integrated Approach
This presentation provides an overview of the S&T Stabilization of Buildings project. A brief
description and review of the workshop is presented.

Presentation Slides
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Mohammed Ettouney
Mohammed M. Ettouney, Ph.D., P.E., F. AEI is a Principal at
Weidlinger Associates, Inc. The Inventors Hall of Fame recently
awarded Dr. Mohammed Ettouney the inventors’ award, after he was
nominated to receive such a great honor by the American Society of
Civil Engineers (ASCE). He was also awarded the Homer Gage
Balcom life achievement award by the MET section of ASCE (2008).
He also has just won the Project of the Year Award, Platinum Award
(2008) for the “New Haven Coliseum Demolition Project” (ACEC,
NY). He is a fellow of Architecture Engineering Institute (AEI).
Among other recent achievements are the pioneering work on “Theory
of Multi-hazards of Infrastructures.” “Theory of Progressive Collapse” (DoD), risk Model for
Building Security Council (BSC) rating system and innovative green design method for
protecting utilities from demolition / blasting (City of New Haven). He has professional interest
in diverse areas of structural engineering as demonstrated through the list of his publications,
invited presentations, seminars and sessions organized during national/international conferences
and his membership in different professional organizations.

Dr. Ettouney has been with Weidlinger Associates since 1984. He received his Doctor of Science
degree in Structural Mechanics from the Massachusetts Institute of Technology (MIT),
Cambridge, MA, in 1976. Since then, his interests in the structural engineering profession were
both as a practitioner and researcher in multi-hazards safety of structures, probabilistic Modeling
of Progressive Collapse of Buildings and uncertainties in structural stability, and blast mitigation
of numerous buildings around the world; innovative concepts such as “Probabilistic Boundary
Element Method,” “Scale Independent Elements,” and “Framework for evaluation of Lunar Base
Structural Concepts”. He is a past president and member of board of governs of AEI, member of
Board of Directors of the BSC, member of numerous technical committees in the fields of
building/infrastructures security, earthquake hazards, architectural engineering Non-Destructive
Testing and Structural Health Monitoring. He was the chair of AEI National Conference, 2006,
and 2008. He has published more than 325 publications and reports, and has contributed to
several books. He introduced numerous new practical and theoretical methods in the fields of
earthquake engineering, acoustics, structural health monitoring, progressive collapse, blast
engineering, and underwater vibrations. He has co-invented “Seismic-Blast” slotted connection.
More recently, he introduced “Economic Theory of Inspection,” “General and Special Theories
of Instrumentation” and numerous principles and techniques in the field of infrastructures health:
they are all pioneering efforts that can help in developing durable infrastructures at reasonable
costs. He is coauthoring an upcoming book titled, “Infrastructures Health in Civil Engineering,”
CRC Press, 2009. The book is already being described as a breakthrough and original in the field
of infrastructure health and preservation.
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Sreenivas Alampalli
Dr. Sreenivas Alampalli is the Director of the Bridge Evaluation
Services Bureau at the New York State Department of Transportation
(NYSDOT). His responsibilities include managing bridge inspection,
inventory, and safety assurance programs at the NYSDOT. His
Bureau provides data collection and evaluation services to facilitate
the preservation, structural integrity, and safety of more than 17,000
highway bridge infrastructures in New York State. He also has
extensive experience in structural engineering research. Dr. Alampalli
obtained his Ph.D. and MBA from Rensselaer Polytechnic Institute,
his M.S. from Indian Institute of Technology (IIT), Kharagpur, India,
and his B.S. from S.V. University, Tirupati, India. His interests
include infrastructure management, innovative materials for infrastructure applications,
nondestructive testing, structural health monitoring, and long-term bridge performance. He co-
developed the theory of multihazards and has been a great proponent of integrating all
vulnerabilities including security for effective infrastructure management. Dr. Alampalli is a
Fellow of the American Society of Civil Engineers (ASCE), the American Society for
Nondestructive Testing (ASNT), and the International Society for Structural Health Monitoring
of Intelligent Infrastructure (ISHMII). He authored and co-authored more than 250 technical
publications. Dr. Alampalli is an active member of several technical committees in the
Transportation Research Board (TRB), ASCE, and ASNT; and currently chairs the ASCE
Technical Committee on Bridge Management, Inspection, and Rehabilitation. He also recently
chaired ASCE/Structural Engineering Institute (SEI)-American Association of State Highway
Transportation Officials (AASHTO) ad hoc group on Bridge Inspection, Rating, Rehabilitation,
and Replacement, which produced a white paper on bridge inspection and rating in August 2008.
He is currently an Associate Editor of the ASCE Journal of Bridge Engineering and also on the
editorial board of the Journal of “Structure and Infrastructure Engineering: Maintenance,
Management, Life-Cycle Design and Performance.” He is the Chair of the external expert group
formed to advise the Long-Term Bridge Performance Program (LTBPP) initiated by the Federal
Highway Administration (FHWA) last year. Awards he received include the Charles Pankow
Award for Innovation, awarded by the Civil Engineering Research Foundation (2000); Herbert
Howard Government Civil Engineer of the Year Award from ASCE Met Section (2009); and
ASNT Mentoring Award (2009).

Sensors in Civil Infrastructures and Their Potential Utilization for Near-Collapse
Buildings: The Basics
This presentation focused on the relevance of sensing technology to the stabilization of near-
collapse buildings. Varying categorizations of sensors were discussed, and examples of existing
and state-of-the-art sensors were provided. The presentation concluded with a discussion of how
to sense brittle failure, and the direction of future research to close the knowledge gaps regarding
prediction of brittle failure.
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Peter Vanderzee
Mr. Vanderzee holds two engineering degrees: a B.S. in Mechanical
Engineering from Rensselaer Polytechnic Institute in Troy, New York
and an M. Engr. in Industrial Engineering from Texas A&M
University.

Mr. Vanderzee started his working career as a production engineer in
the U.S. Army Electronics Command. After several years in R&D, he
accepted a position with a Dallas-based energy and mining business.
He held a variety of management positions over the next 10 years;
including oil trading, project management and corporate strategic planning. He next joined a
venture funded environmental start-up, being named President and CEO after two years. With
two subsequent employers he held executive positions in construction services, sales, business
development and corporate administration in both Houston and Atlanta.

In 2000, Mr. Vanderzee started a consulting business focused on technology commercialization,
called Launch-Right. He also founded Transparent Solutions to commercialize a contractor risk
rating technology. His first consulting client, LifeSpan Technologies, eventually asked him to
lead the firm as it developed and launched a commercialization program for its patented
structural monitoring technology. Mr. Vanderzee has led the development of LifeSpan’s business
while helping to define the most appropriate use of structural monitoring technology in this
emerging market. He has authored over 10 publications and White Papers, while making well
over 100 presentations to structure owners, engineering consultants, regulatory agencies, and
political groups.

Adopting Commercially Available Sensing and Monitoring Technologies
DHS has expressed concern about the availability and affordability of sensing and monitoring
technologies for buildings considered susceptible to IED attack. Of particular concern is the
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availability of near real-time, objective, structural integrity data that can guide post-event
decision makers to enter, or not enter, a building (or any other structure) after an IED attack, for
purposes of in-depth structural investigation. Two examples of an IED attack which may have
compromised structural integrity include the Murrah Federal Building in Oklahoma City in 1995
and the first World Trade Center bombing in 1993.

Due to the recent vintage of IED threats, older buildings subject to terrorist interest were not
designed or armored to mitigate structural damage against IED attack. Consequently, their
structural integrity can be easily compromised by blast forces that were not considered in
original design and construction. In addition, while some buildings have subsequently been
armored, the nature (size and location) of an IED attack remains so random that adequate
structural analysis and mitigation efficacy remain more a factor of luck than objective
determination a priori.

This paper and accompanying presentation explain why a range of structural monitoring
technologies were developed and commercialized over the past 10 years and whether these
commercial technologies can be confidently adopted and encouraged by DHS to assure personal
safety when first responders, medical evacuation, law enforcement, and structural engineers enter
partially destroyed buildings to meet their mission requirements.

Particular emphasis is placed on identifying a variety of commercially available sensing and
monitoring technologies, how those technologies compare one to another, especially in terms of
blast resistance and relative cost, and lessons learned by using these technologies on bridges and
other structures for at least the past 5 years.

This presentation is non-commercial in nature, reflecting the workshop emphasis on determining
whether a major R&D program is required to develop IED-specific sensing devices and
monitoring solutions, or if commercially available technologies and solutions are adequate to
meet the intended need.

Presentation Slides
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Elizabeth Ervin
Dr. Elizabeth K. Ervin joined the Department of Civil Engineering at Ole
Miss in August of 2006 as an Assistant Professor. She has two Civil
Engineering degrees: a B.S. in cursu honorum with a concentration in
structural mechanics from Tennessee Technological University and an
M.S. with a concentration in structures from Vanderbilt University. She
completed her Doctorate at Carnegie Mellon University in the
Department of Mechanical Engineering while working at Bechtel Bettis
Atomic Power Laboratory, a Department of Energy and U.S. Navy
Contractor. She has also been employed by the Air Force Research
Laboratory at Wright-Patterson Air Force Base in Dayton, Ohio, and the
Tennessee Department of Transportation in both Memphis and
Cookeville, Tennessee. Her research interests are interdisciplinary, linking civil engineering,
mechanical engineering, and computer science. Possible topics involve impact of multiple
flexible structures, discontinuous State mapping, finite elements, structural integrity, fracture
mechanics, and combined dynamic loading. She has been funded by the Office of Naval
Research, the Army Research Office, Oak Ridge Associated Universities, the National Science
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Foundation, and the U.S. Nuclear Regulatory Commission. Her experience also includes
experimentation and laboratory instrumentation. She has built a new facility, the Multi-Function
Dynamics Laboratory (MFDL), for the fundamental study of structural components under shock
and vibration.

From Sensing to Damage Identification in Unstable Buildings
Identification of Damage Threshold without Pre-Damage Data
Many structural health evaluation issues are currently being explored by researchers all over the
globe. This presentation provides an overview of the following key questions:

– What data do we need to capture?
– How to process the data into useful information?
– How do we determine a "dangerous" threshold for any building in real-time?

Several different types of data can currently be captured by sensors both large and small. Gauges
of displacement, strain, and acceleration must be attached to the building. Potentially further
damaging the structure, an excitation may also need to be applied. The time, location, and ease of
sensor installation are also major concerns. Non-contact sensors seem ideal as they are easy to
place but are costly. The sensors need some power source; this leads to energy harvesting and
radio frequency identification (RFID) tagging. Running uninterrupted cable is also a challenge,
so wireless data acquisition appears to be the only solution.

Once data has been acquired, the means of processing it are also in question. The greatest
concern is which parameter should be selected as the damage indicator. There are numerous
potential choices, and a study is underway at the University of Mississippi to evaluate potential
indicators for practicality. Damage alters the structure's stiffness, so the simplest measure would
be natural frequency. However, this has been shown as a rather insensitive parameter that does
not locate damage. Thus, mode shape shifts can be examined, but sophisticated software is
required along with excellent data. The conclusion of most work is that a statistical measure must
be applied, but which one? Each individual calculation appears to have its advantages and
disadvantages, so a combination of statistical measures may be the answer.

For each of these damage indicators, a threshold must be selected such that risk can be evaluated.
A specified number needs to tell a first responder either that it is safe to enter or to exit because
the structure is near collapse. This predetermined threshold must be 100% reliable for human
safety, but it heavily depends upon data fidelity and indicator sensitivity. It also depends on the
type of structure and its pre-damage condition. Each building is unique in its as-built
configuration, even with identical plans. Decision-making for one structure can be based upon
another structure but only through broad classifications. Thus, a large inventory of different
structures needs to be evaluated before algorithm application. Before an attack, high value
terrorist targets may have some pre-existing structural monitoring, required for any statistical
analysis. However, low value targets are unlikely to have any prior instrumentation, so a means
of evaluating the safety of infrastructure after a natural disaster, for example, is also needed.
Lastly, this threshold must be measured and a decision made in real-time. This leads to the
concept of ambient computing with some artificially intelligent decision-maker.
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Today it seems that there are more questions than answers, but the goals of structural health
evaluation are important. Higher safety level and better infrastructure management will continue
to motivate researchers toward answers.

Presentation Slides
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Hollice Stone
Hollice Stone, PE, President of Stone Security Engineering, is an
experienced Security Engineer, with 18 years of engineering, blast,
antiterrorism and emergency response experience. She has devoted her
career to helping protect people, buildings, campuses, and critical
infrastructure from terrorism. Stone has been instrumental in criteria
development, research, and educational initiatives in both the engineering
and emergency response communities. Accomplishments include anti-
terrorism and security engineering design and assessments of new and
existing facilities for the U.S. Departments of State, Justice, Homeland
Security, and Defense, National Universities, chemical plants, oil refineries, Fortune 500
companies, and international non-governmental organizations.

Ms. Stone has also been instrumental in bridging the gap between security engineering and more
traditional life-safety considerations through her work with FEMA, developing training
simulators for widespread structural collapse scenarios, presenting first responder classes on
explosion hazards, working with the Fire Department of the City of New York in their
development of Emergency Action Plan Director certification examinations in support of Local
Law 26, acting as a member of the elite cadre of instructors for the FEMA/Army Corps of
Engineers Advanced Structures Specialist course for rescue engineers and teaching at the
Department of Homeland Security’s Incident Response to Terrorist Bombings course in New
Mexico.

Building Stability Information Needs, Hazard Assessment, Mitigation, and
Monitoring in Near-Collapse Buildings: Current Approach from the US&R
Engineer’s Perspective
At a collapsed building incident, emergency personnel conducting search and rescue at the site
are focused on locating and extricating victims trapped in the building. The FEMA/USACE
Urban Search and Rescue program utilizes rescue trained engineers (Structures Specialists) to
work within the emergency command structure to minimize risk to the rescue personnel during
these rescue operations. The Structures Specialist has the training and background to assess the
damage and identify hazards to the rescuers. Evaluating the risk (and considering the reward),
the engineer develops a mitigation plan to reduce risk to acceptable levels. This is accomplished
with a toolbox of practical mitigation methods that have been standardized and proven through
past experience and incidents. These mitigation methods, and the mitigation plan, vary in effort
and levels of reduced risk. This presentation presents an overview of the current state of practice
for hazard identification, assessment, mitigation, and monitoring in near-collapse buildings.



SESSION 2
OVERVIEW OF INFORMATION NEEDS

29

Presentation Slides



SESSION 2
OVERVIEW OF INFORMATION NEEDS

30



SESSION 2
OVERVIEW OF INFORMATION NEEDS

31



SESSION 2
OVERVIEW OF INFORMATION NEEDS

32



SESSION 2
OVERVIEW OF INFORMATION NEEDS

33



SESSION 2
OVERVIEW OF INFORMATION NEEDS

34

● ● ●

Peter Keating
Dr. Peter Keating is an Associate Professor in the Civil Engineering
Department and an Associate Research Engineer with the Texas
Transportation Institute, both at Texas A&M University, College Station,
Texas. He is also Director of the Structural and Materials Testing
Laboratory. He received B.S., B.A. (architecture), M.S., and Ph.D.
degrees from Lehigh University in Bethlehem, Pennsylvania. He teaches
both graduate and undergraduate courses in structural engineering and
performs research primarily in the area of structural fatigue. Other
research has involved the development of fatigue repair procedures for steel highway bridges, the
study of diaphragm cross frame influence on the fatigue and load distribution behavior of
highway bridges, and the fatigue behavior of damaged and dented petroleum pipelines (for the
Office of Pipeline Safety, U.S. DOT). He has also been a Structures Specialist with Texas Task
Force One since 2000. He is the chairperson of FEMA’s US&R Structures Subcommittee as well
as a member on FEMA’s Incident Support Team (Red). He is a registered Professional Engineer
in the State of Texas.

Near-Collapse Buildings: From Sensing and Monitoring to Information for
Stakeholders
The objective of the DHS/FEMA Urban Search and Rescue program, which is outlined in the
presentation, is to locate and rescue victims either trapped in void spaces or entombed. First
responders need simple, real-time information on building stability in order to make decisions
regarding rescue operations. This presentation explains the information and technology needs of
first responder stakeholders when responding to a near-collapse building situation.



SESSION 2
OVERVIEW OF INFORMATION NEEDS

35

Presentation Slides



SESSION 2
OVERVIEW OF INFORMATION NEEDS

36



SESSION 2
OVERVIEW OF INFORMATION NEEDS

37



SESSION 2
OVERVIEW OF INFORMATION NEEDS

38



SESSION 2
OVERVIEW OF INFORMATION NEEDS

39

● ● ●



SESSION 3
CURRENT PRACTICES

40

Richard Christenson
Dr. Richard Christenson is an Assistant Professor in the Department of
Civil and Environmental Engineering (CEE) at the University of
Connecticut. He is the United Technologies Corporation Professor in
Engineering Innovation within the CEE Department. Prior to starting at
UConn in January 2006, he was an Assistant Professor of Civil
Engineering at the Colorado School of Mines for four years. Dr.
Christenson received his Ph.D. from the University of Notre Dame in
2002. His research and teaching interests are in structural engineering,
particularly in the areas of structural dynamics and experimental research. Dr. Christenson’s
current research is in the areas of bridge monitoring, smart damping technologies for buildings
and bridges, and real-time hybrid testing methodologies and encompasses analytical studies,
small, medium, and large-scale laboratory experiments, and full-scale field testing.

Online Monitoring Framework for Structural Identification and Damage Detection
Structural health monitoring (SHM) technologies can be applied to civil infrastructure such as
buildings and bridges for automated structural identification and monitor damage detection. To
provide necessary information to the appropriate personnel in a timely manner, the SHM system
requires an automated data acquisition and analysis framework and a user interface that is
flexible and can communicate information in real time. For highway bridges the inventory is
geographically distributed and SHM information needs to be accessible remotely. Bridge
structural systems vary widely in design and use and the resulting SHM systems themselves are
very different. A vibration-based bridge monitoring approach is employed where accelerometers
and strain, temperature, tilt and displacement transducers along with modular data acquisition
hardware are used to uniquely characterize and better understand the structural integrity and in-
service behavior of six permanently monitored highway bridges located in Connecticut. The
monitoring systems are intended to complement the biennial bridge inspections by the
Connecticut Department of Transportation (ConnDOT) and are used to track the response
changes that could occur in a bridge over its lifespan indicative of structural damage. Real-time
information is provided to ConnDOT personnel through an online open-source real-time data
acquisition, analysis, and dissemination framework. An internet-based java tool is employed to
provide remote access to the distributed bridge monitoring data. The online bridge monitoring
framework is shown to be practical and useful in providing timely structural identification and
damage detection of highway bridges in Connecticut. The lessons learned from long-term
vibration-based bridge monitoring and the general framework developed for this purpose can be
extended to the monitoring and sensing of near-collapse buildings.
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Michael Barker
Michael G. Barker, Ph.D., PE is a Professor at the University of Wyoming
after being at the University of Missouri-Columbia for 13 years. He
teaches courses in Statics & Elementary Strength of Materials, Dynamics,
Structural Dynamics, Design Philosophy, Building Systems, and Steel
Design. He has conducted experimental and analytical research in the
elastic and inelastic behavior of structural systems and has consultant
experience in forensic engineering.

Michael was a Structures Specialist for DHS/FEMA’s US&R Missouri
Task Force 1 before moving to Wyoming. He was also an original member to the FEMA
Technical Working Group (now the Structures Sub Group). Michael was deployed to the World
Trade Center Response with the Missouri Task Force. He is currently working with the U.S.
Army Corps of Engineers (USACE) US&R Structures Specialist training program as a lead
instructor. He also is an advisor to the Corps’ US&R Program in such areas as general program
operations, extreme cold weather deployability, and technical rescue training for the military..

Real-Time Remote Monitoring of Compromised Structures during Catastrophic
Events
The United States has been preparing to respond to building damage or collapse events for well
over a decade. The main catastrophic events of concern are natural disasters such as earthquakes
or industrial accidents such as explosions and terrorism events. A partially collapsed or otherwise
compromised structure with a potential for further collapse endangers rescue personnel while
rescue operations are in progress. Current building safety monitoring techniques include
attaching digital levels, visual crack width indicators, and other manual sensors to critical
components in the structure or set up surveying apparatus to sight on a target located on the
building. The devices are periodically visited and recorded over time for comparison to ascertain
structural movements and infer safety conditions. Significant problems with the current practice
are that there is risk to the device inspectors at the data collection intervals, the devices will be



SESSION 3
CURRENT PRACTICES

48

located in the dangerous “hot” zones of the structure that should remain evacuated, critical
information is collected only at the data collection intervals and any movement of the structure
that may occur between the data collection intervals is not immediately detected, it is difficult to
track structural response during the event with manual interval readings, and there is no real-time
early warning system for rescue personnel with the spaced monitoring and comparison intervals.
This presentation demonstrates a promising real-time building monitoring system for rescue
operations that is expedient in setup, efficient and robust for monitoring, and will continuously
monitor the damaged building for immediate safety warnings.
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Wayne Haase
Wayne C. Haase is president of Summit Safety, Inc, of Devens,
Massachusetts. Summit Safety was formed after the tragic warehouse
fire in Worcester, Massachusetts, in 1999 in which six firefighters
perished. Summit Safety has developed the Pathfinder System, which
enables firefighters to quickly locate each other and exits under zero-
visibility conditions. Dr. Haase received a BS, MS, and the Degree of
Electrical Engineer from MIT and received a Ph.D. in Electrical
Engineering from Stanford University. He has been a founder in several
companies, and has been a consultant to approximately 100 companies
in the fields of aerospace systems, biomedical systems,
consumer/industrial electronics, and test & measurement systems. He has published
approximately 50 technical papers and is a co-inventor on 19 U.S. Patents. Dr. Haase has been
the Principal Investigator for 12 Small Business Innovation Research (SBIR) contracts. He is a
member of the Electronic Safety Equipment Technical Committee of the National Fire Protection
Association, which sets standards for all electronic systems for the fire service.

Collapse Prediction System for Structural Fires
This presentation discusses the current stage of development of a monitoring system designed to
provide advance warning of structural collapse for both new and existing buildings, particularly
during structural fires. The system was developed under SBIR funding from National Institute of
Standards and Technology (NIST) and DHS, and focuses on providing warning of impending
roof and floor collapse in residential structures. The prototype system has been tested in live
burns conducted at Underwriters Laboratories (UL) as well as four structural fires conducted by
NIST.

The prototype sensor utilizes a pair of ultrasonic transducers to detect small vibrations that are
precursors of structural collapse. One transducer sends an ultrasonic beam toward the surface and
the second transducer receives the reflected signal from the surface. Internal microprocessor-
based electronics calculate surface displacement using an interferometric technique. The sensor
detects changes in position, velocity, and acceleration from structural surfaces even in the
presence of thick smoke, dust, or fog, which could render an optical or laser-based system
unusable. The wireless prototype sensor can be deployed in a matter of seconds.

The system was tested in structural fires with both dimensional lumber as well as lightweight
construction materials. The system was able to provide consistent warning times independent of
the materials and techniques used in the construction of the test structures. In all of the tests, the
system provided a minimum warning time of at least two minutes prior to collapse for all of the
tests.
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Vincent Chiarito
Vince Chiarito is a research structural engineer in the Structural
Engineering Branch, Geosciences and Structures Division,
Geotechnical and Structures Laboratory at the Waterways
Experiment Station of the U.S. Army Engineer Research and
Development Center in Vicksburg, Mississippi.

Mr. Chiarito began his employment at USAERDC (formerly
WES) in November, 1980. Since, he has supported structural
engineering research for civil and military projects. Project work has included prototype and
model vibration studies of several different types of structures and systems and the seismic and
blast response of these structures. He has authored or coauthored many technical reports and
papers on the structural engineering research efforts and products of the Corps.

Mr. Chiarito received his B.C.E. and M.C.E. in Civil Engineering from the University of
Delaware.

Monitoring Damaged Buildings for Assessing Structural Integrity
Monitoring damaged buildings for assessing existing integrity or predicting the onset of
instability involves identifying basic dynamic properties. The damage to the buildings could
result from a number of different stimuli, such as fire, earthquake, or blast effects. Baseline
information of the initial as-built state is not always possible; hence it is important to understand
how to compare results of monitoring damaged buildings in real time of relative states of
performance or service. With steady and continual advances in sensor technology, data
acquisition capabilities, and new signal and time domain processing algorithms acquiring the
information in real time of a building’s response is doable and making real time relative
comparisons feasible. There are a number of parameters and changes in parameters to consider in
assessing the integrity of a damaged building or system. Damage indicators do exist in the form
of computing the changes in mode shapes and the flexibility coefficients, which are obtained
experimentally or through physical monitoring. The use of fixed or hardwired systems and
wireless systems are presented. This presentation covers some past experiences and recommends
some new insight into this issue.
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Peter Keating
A biography of Dr. Keating can be found on page 34.

Techniques and Equipment for Monitoring Damaged Structures
At a collapsed or damaged building incident, search & rescue operations may require monitoring
of hazards to help reduce the risk to the rescuers. This is often the case when the hazards to the
rescuers cannot be mitigated using other means. Monitoring techniques employed by FEMA
Urban Search and Rescue personnel vary in sophistication from a simple plumb to a wireless
biaxial tiltmeter system. The technique used by the Rescue Trained Professional Engineer
(Structures Specialist) at a particular incident depends on the type of the building and expected
collapse behavior, the anticipated length of the rescue operation and the anticipated timing of
how the hazard will fail. This presentation describes monitoring techniques used in the Federal
Emergency Management Agency Urban Search & Rescue (FEMA US&R) System.
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Blake Rothfuss
Blake D. Rothfuss, P.E., D.WRE, is an Associate with Jacobs Associates,
where he specializes in tunnels and underground structural design,
construction, stabilization, and rehabilitation. Over his career, Blake has
extensive experience in water resources engineering, underground
construction, underwater inspection and construction, and managing
heavy construction projects. Blake graduated from the University of
California, Berkeley, 1983 with a bachelor’s degree in Civil Engineering,
and Saint Mary’s College of California, 2003 with a master’s degree in
Business.

Blake has been involved in DHS/FEMA Urban Search and Rescue (US&R) since 1990, serving
as an original member of the FEMA US&R Training Committee and is currently the Lead
Structures Specialist for California Task Force 7 (Sacramento). He is a co-instructor for Structure
Specialists Course, Advanced Structures Specialist Course, Structural Collapse Technician
Course, and Trench Rescue Course. He has participated in many technical rescue missions
including the 2005 Hurricane Katrina Search and Rescue, 2004 Walnut Creek (California)
Petroleum Pipeline Explosion, 9/11 attack on the World Trade Center, 2001 California State
Capitol attack, 1996 Olympic Summer Games (Atlanta), and 1994 Northridge (California)
Earthquake.

Blake is also a Structures Specialist on the San Francisco Regional US&R Task Force, and a
Rescue Engineer/Firefighter with the Moraga-Orinda Fire District.

Case Studies and Lessons Learned from Structural Monitoring of Compromised
Structures Following Catastrophic Events
Search and rescue operations within a structure damaged by fire, explosion, construction
accident, or earthquake are extremely dangerous due to the compromised structural system,
variable loading considerations, and unpredictable structural behavior. Emergency structural
monitoring has been utilized at several incidents and yielded different results. Post operational
analysis of the structural monitoring activities has identified specific areas for improvement and
reinforcement.

This presentation explores several case studies of past search and rescue incidents that used
structural monitoring to help protect rescuers. The past incidents included a fire-damaged
masonry warehouse, a precast concrete parking structure damaged during construction, multiple
fire-damaged steel framed office buildings, an explosion damaged office building, and an
earthquake damaged hotel. This exploration reviews the incidents, incident commander
expectations, and monitoring tools and techniques. The lessons learned will emphasize the need
for integrated monitoring processes that include communication protocols, failure mode and
effects analyses, and movement acceptance criteria, as well as rapidly deployed monitoring tools
and techniques.



SESSION 4
EQUIPMENT AND TECHNIQUES

72

Presentation Slides



SESSION 4
EQUIPMENT AND TECHNIQUES

73



SESSION 4
EQUIPMENT AND TECHNIQUES

74



SESSION 4
EQUIPMENT AND TECHNIQUES

75



SESSION 4
EQUIPMENT AND TECHNIQUES

76



SESSION 4
EQUIPMENT AND TECHNIQUES

77



SESSION 4
EQUIPMENT AND TECHNIQUES

78



SESSION 4
EQUIPMENT AND TECHNIQUES

79

● ● ●



SESSION 5
MODERN SENSING TECHNOLOGIES

80

Dan Rubenstein
Dr. Dan Rubenstein is an Associate Professor in the Department of
Computer Science at Columbia University. He received a B.S. degree in
mathematics from MIT, an M.A. in math from UCLA, and a Ph.D. in
computer science from the University of Massachusetts, Amherst. His
research interests are in network technologies, applications, and
performance analysis, with a recent emphasis on resilient, secure, and ultra-
low power networking. He is an editor for IEEE/ACM Transactions on
Networking, and has received an NSF CAREER Award, IBM Faculty
Award, the Best Student Paper award from the ACM SIGMETRICS 2000
conference, and Best Paper awards from the IEEE ICNP 2003 Conference and ACM CoNext
2008 Conference.

EnHANTs: An Energy Harvesting Sensing and Monitoring System for Tracking
Applications
In this program we are developing Energy-Harvesting Active Networked Tags (EnHANTs).
EnHANTs are small, flexible, and self-reliant devices that harvest their own energy and can be
attached to objects that are traditionally not networked providing the infrastructure for various
novel tracking applications. Examples of these applications include locating misplaced items,
continuous monitoring of objects, and determining the location of disaster survivors. The
objective of the project is to design hardware, algorithms, and software to enable the realization
of EnHANTs. The efficiency of commercially available hardware and committee-based
communication protocols is inadequate to realize this goal, and it is only possible to create an
entirely self-powered system by re-engineering the hardware, software, and protocol layers of the
system for this purpose. We are leveraging the resources of several groups at Columbia and
taking advantage of advances in ultra-low-power wireless communications, ultra-wideband
(UWB) circuit design, new energy aware peer-to-peer networking architectures, and organic
semiconductor-based energy harvesting techniques to enable the realization of EnHANTs using
fully custom hardware in the near future. This presentation outlines the concept, components,
and progress made in the EnHANTs program and the opportunities that the platform presents for
disaster recovery applications both on its current hardware platforms and in future iterations.
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Atef Elsherbeni
Dr. Atef Elsherbeni is a Professor of Electrical Engineering and
Associate Dean at the University of Mississippi. He has conducted
research that contributed to the scattering and diffraction by dielectric
and metal objects, analysis of antennas, passive and active microwave
devices, interactions of electromagnetic waves with human body, RFID
and sensors, field visualization and software development for EM
education, antenna and material properties measurements, and
hardware and software acceleration of finite-difference time-domain
(FDTD) and finite-difference frequency-domain (FDFD) methods. Dr.
Elsherbeni is a Fellow IEEE, a Fellow of ACES, the Editor-in-Chief for ACES Journal, and an
Associate Editor to the Radio Science Journal.

Dr. Elsherbeni is the coauthor of the book “The Finite Difference Time Domain Method for
Electromagnetics with MATLAB Simulations,” SciTech 2009, the book “Antenna Design and
Visualization Using Matlab,” SciTech, 2006, the book “MATLAB Simulations for Radar
Systems Design,” CRC Press, 2003, the book “Electromagnetic Scattering Using the Iterative
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Multiregion Technique,” Morgan & Claypool, 2007, the book “Electromagnetics and Antenna
Optimization using Taguchi's Method,” Morgan & Claypool, 2007, and the main author of the
chapters “Handheld Antennas” and “The Finite Difference Time Domain Technique for
Microstrip Antennas” in Handbook of Antennas in Wireless Communications, CRC Press, 2001.

Millimeter Wave Reflectarray Technology for High-Resolution See-Through-Wall
Imaging Systems
See-through-wall (STW) imaging systems have great potentials in many applications for
enhancing the homeland security such as airport security check. In monitoring and sensing of
near-collapse buildings, STW imaging systems are also desirable because it can obtain the
images of both static and moving objects inside dangerous buildings without physically entering
them.

STW imaging systems have used different frequency bands, and the millimeter-wave frequency
band is a good option because it can provide a high image resolution as well as a wide
bandwidth. High gain antennas are required in these systems for the electromagnetic wave to
penetrate through walls. Instead of bulky parabolic reflectors or complex array antennas, we
propose to use the reflectarray antennas for STW imaging systems. The reflectarray antennas
have low-profile, low-mass, and high radiation efficiency. In addition, their sizes are compact at
mm-wave frequency band. Therefore, it is an excellent candidate for mm-wave STW imaging
systems.

Based on the support from the National Aeronautics and Space Administration (NASA), the
authors’ group at The University of Mississippi has been working on the analysis, design,
fabrication, and testing of reflectarray antennas and is one of the leading research groups in the
world. We have made a number of important achievements in this area, including:
 Accurate and efficient analysis and synthesis methods for reflectarrays;
 Wideband and multi-band reflectarray designs;
 Reflectarrays with multiple radiation beams;
 THz/optic reflectarray concepts.

These achievements have established a solid foundation to implement the reflectarray antennas
into advanced mm-wave STW imaging systems. With the enhanced penetration capability and
image resolution, the mm-wave STW imaging systems will find various applications in
monitoring and sensing of near-collapse buildings.
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Chung Song
Dr. Chung R. Song obtained his B.S. degree from Yonsei University, Seoul,
Korea in 1984, and M.S. degree from The University of Texas at Austin in
1986 for his research on Soil Dynamics. He obtained a Ph.D. degree from
Louisiana State University for research on computational analysis of large
strain problems. He obtained PE qualification in 1993 in Korea, and earned an
International PE in 2002. He has published more than 70 articles, three book
chapters, and two books. His industry career includes more than 10 years of
consulting experience in the area of geotechnical/geo-structural design,
analysis, and instrumentation.

Dr. Song’s specialty areas are the evaluation of physical and mechanical behavior of
geotechnical structures and combination of noble theories and real field problems such as
bridging sophisticated analytical models and field monitoring results, nano-particulate-
continuum mechanics, implementation of acoustic techniques in subsoil exploration, the
behavior evaluation of geotechnical structures, soft soil improvement, constitutive relations of
geo-materials, simulation of saturated/unsaturated soils using coupled theory of mixtures,



SESSION 5
MODERN SENSING TECHNOLOGIES

93

numerical modeling, calibration chamber testing, soil dynamics, soil-structure interaction, in situ
and laboratory testing, and pavement-related geotechnical engineering.

Implementation of a Ubiquitous System to Monitor Near-Collapse Buildings
The proper monitoring and sensing of near-collapse buildings are imperative for effective rescue
work and safety of the rescue crew members. However, the monitoring and sensing tasks are
performed in one of the most critical situations; failure may be imminent, flame and high heat
source may exist, and high VOC gases may be present, but the monitoring and sensing should be
done quickly and reliably. The data should also be analyzed real time basis so that it can be used
quick decision making.

Considering these critical requirements, the monitoring system should satisfy the following
requirements;
1) Sensors should have high heat/stress resistance.
2) Sensors should be tele-measurable, possibly by wireless.
3) Most sensors should be pre-installed.
4) …but global monitoring systems should be able to incorporate newly installed sensing
system such as Laser Vibrometer data, first responders digital photos and sensors, etc.
5) A decision-making system should be already set up, but it should be capable of taking
human inputs and sensor inputs simultaneously, such as AI (Artificial Intelligence).

Hardware requirements are resolved without too much difficulty. However, the interface
between the monitored results and decision making system is not easy to achieve, but they are
attainable considering technology development in other areas. NASA developed Integrated
System Health Management (ISHM) that essentially takes sensor readings, checks for errors,
analyzes the data, and provides the crude information to engineers to monitor and control the
space ship launch. A similar system for broader application is called “Ubiquitous System” or
“Ambient Computing System” and has been developed and used.

Using an example scenario in Wikipedia (http://en.wikipedia.org/wiki/Ambient_intelligence), an
application scenario of “Ubiquitous System” for near-collapse buildings can be recomposed as
follows;

An experienced first responder John was called for rescuing people from a blasted building one
and half minutes ago. John hooked up his lap top computer to the DHS’s main system to
download the current situation of the building. At I-95, his vehicle was recognized by an
intelligent surveillance camera, the gates to fastlanes are automatically open, and the toll booths
unlock and open. When he switched to I-85 to through his usual way, he was alarmed that the
building may collapse within next two hours, and the navigation map indicates that a bridge
ahead of his route is overloaded. A lap top computer in his vehicle collects additional sensor
signals using RFID technology along while driving and send them to the Ubiquitous System
simultaneously, the Ubiquitous System outputs stresses and other mechanical information to his
lap top computer and performs structural analysis of the building and update the condition of the
building. When John arrives at the site, his vehicle turns on 3-D laser vibrometer, starts to collect
multiple deformation data, and updates him the current condition of the building.

http://en.wikipedia.org/wiki/Ambient_intelligence
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The critical technologies needed for this ubiquitous/ambient intelligence are GPS/Digital
Map/Wireless Communication/Wired and Wireless Sensors. With the advent of modern MEMs
(Micro-Electro-Mechanical System), most needed technologies are already developed.
Therefore, implementation of “Ubiquitous System” shall provide a complete solution for
monitoring near-collapse buildings.
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Mohammed Ettouney
A biography of Dr. Ettouney can be found on page 10.

Sensing, Structural Identification, Damage Identification, and Decision Making for
Near-Collapse Buildings: Challenges for a Comprehensive Approach
This presentation focused on the ways to use structural identification to detect damage in near-
collapse buildings. The presentation outlined the definition, objectives, and issues associated
with structural identification (STRID). The many methods of structural identification, from
modal identification to energy modeling methods, were discussed. Finally, a STRID decision-
making tool box was presented.
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Greg Easson
Dr. Greg Easson is the Executive Director of the Mississippi Mineral
Resources Institute (MMRI) at The University of Mississippi. Prior to
becoming MMRI Executive Director, Easson was a Professor in the
Department of Geology and Geological Engineering where he taught
GIS and Remote Sensing classes for 14 years. Easson is also the
Executive Director of the Enterprise for Innovative Geospatial
Solutions a university-wide program to coordinate research activities
in Geospatial Information Science and Technology (GIS&T) and the
Director of The University of Mississippi Geoinformatics Center, an
interdisciplinary research and educational initiative designed to increase the use and awareness
of GIS&T.

Easson received his Ph.D. from the University of Missouri – Rolla in Geological Engineering in
1995. He received his master’s degree in Geology also from the University of Missouri – Rolla
in 1984 and a bachelor’s degree from Southwest Missouri State University in 1981.
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Easson has more than 25 years of experience in the application of GIS&T in Federal and State
government, with employment at the Missouri Department of Natural Resources and the U.S.
Geological Survey.

Rapid Building Damage Assessment from Remotely Sensed Imagery
In the aftermath of major disasters, such as Hurricane Katrina and the World Trade Center
collapse, State and local agencies are charged with assessing damage to structures to determine
risk and assess needs for response. This assessment is needed to begin to determine the
magnitude of the damage and the amount of materials and supplies that will be needed to
effectively respond. The acquisition of multispectral imagery immediately after a disaster is
routine, even in international situations when the International Charter is activated. After
Hurricane Katrina struck the Mississippi Gulf Coast, the National Oceanic and Atmospheric
Administration (NOAA) and other agencies collected multispectral imagery at an average spatial
resolution of one-meter. This 4-band imagery was acquired from airborne sensors. In addition to
the Federal agencies acquiring imagery, many commercial companies were also acquiring
multispectral imagery. The majority of imagery acquired for this and most disaster is acquired at
nadir; looking directly down on the target of interest. This limits the ability of imagery analyst to
assess the structural reliability of buildings. There are however, many ways in which remotely
sensed imagery can be used to assess structures in the aftermath of a major hurricane.
Researchers at the University of Mississippi, University of South Carolina, and NASA have
developed a decision support system that guides users through the selection of remotely sensed
imagery for disaster response, including building assessment. This presentation shows how the
system can be used to select imagery for assessing building damage and the limitations of
imagery for assessing building condition following major disasters, including storms and terrorist
attacks.

Presentation Slides



SESSION 6
THE FUTURE OF SENSING

106



SESSION 6
THE FUTURE OF SENSING

107



SESSION 6
THE FUTURE OF SENSING

108



SESSION 6
THE FUTURE OF SENSING

109

● ● ●



SESSION 6
THE FUTURE OF SENSING

110

Andrew Zimmerman
Dr. Andrew Zimmerman is the President/CEO and cofounder of Civionics,
LLC; he is also a postdoctoral research fellow in the Department of Civil
and Environmental Engineering at the University of Michigan. Dr.
Zimmerman has significant experience designing intelligent wireless
sensing and distributed data processing systems, and he has published
extensively in these areas. He holds M.S. and Ph.D. degrees in Civil &
Environmental Engineering, as well as a M.S. degree in Computer Science
& Engineering, all from the University of Michigan. While there, he was a
recipient of the National Defense Science and Engineering Graduate
Fellowship, the University of Michigan Rackham Predoctoral Fellowship, and the University of
Michigan Greene Scholarship. In 2009, Dr. Zimmerman cofounded Civionics in an effort to
move intelligent wireless solutions from the laboratory to industry.

Jerome Lynch
Dr. Jerome Lynch is an Associate Professor of Civil and Environmental
Engineering at the University of Michigan; he is also a faculty member with
the Department of Electrical Engineering and Computer Science. Dr. Lynch
completed his graduate studies at Stanford University where he received his
Ph.D. in Civil and Environmental Engineering in 2002, M.S. in Civil and
Environmental Engineering in 1998, and M.S. in Electrical Engineering in
2003. Prior to attending Stanford, Dr. Lynch received his B.E. in Civil and
Environmental Engineering from the Cooper Union. His current research
interests are in the areas of wireless structural monitoring, feedback control,
and damage detection algorithms. Some of Dr. Lynch’s more current
research has been focused on the design of nano-engineered materials for smart structure
applications including carbon nanotube-based thin film wireless sensors for real-time structural
health monitoring. Dr. Lynch was recently awarded the 2005 Office of Naval Research Young
Investigator Award, 2007 University of Michigan Henry Russel Award, 2008 College of
Engineering (University of Michigan) 1938E Award, and 2009 NSF CAREER Award.

Opportunities and Challenges in Monitoring the Health and Stability of Civil
Structures Near Collapse
Critical infrastructure systems, including government buildings, bridges, tunnels, pipelines, dams
and levees, remain vulnerable to man-made hazards including improvised explosive devices
detonated by terrorists. Current approaches to infrastructure protection largely focus on
prevention and structural strengthening. However, after a terrorist explosion occurs, there is a
dire need to rapidly assess the condition of the structure, quantify its stability, determine the
extent of fire and identify the location of structural inhabitants. This presentation explores the
opportunities that exist in deploying monitoring system technologies to provide real-time data
and information to emergency first responders that are responsible for securing the structure and
removing surviving inhabitants, all while ensuring the safety of first-responders. Sensors for
infrastructure monitoring during and after a terrorist event can be divided into three broad
categories: 1) sensors for structural assessment; 2) sensors to monitor fire conditions (e.g.,
temperature and gases); and 3) sensors to identify and track inhabitants. This presentation
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highlights the sensors that currently exist in addition to identifying opportunities to create new
sensors that can meet the unique and challenging demands of the application’s environment (i.e.,
extreme shock and heat loads).
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Earle Kennett
As Chief Operating Officer of the National Institute of Building Sciences, Earle Kennett is
responsible for and oversees all Institute technical programs and is the organization’s second in
command. Prior to becoming the Institute Chief Operating Officer, he managed and directed
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hundreds of projects for Federal agencies in building science, architecture, and engineering as
Vice President at the National Institute of Building Sciences (NIBS) and past Administrator for
Research for the American Institute of Architects (AIA).

He presently manages a number of technical programs including, contracts with the Department
of Veterans Affairs, NASA, Department of Energy, the Department of Defense, the Naval
Facilities Engineering Command, the Army Corps of Engineers, the Air Force, the Department
of Homeland Security, Department of Education, Federal Emergency Management Agency, and
the General Services Administration. The buildingSMART Alliance, the National CAD
Standard, the National BIM Standard, ProjNet(sm), the Building Enclosure Technology and
Environmental Council (BETEC), the High Performance Building Council (HPBC), the Facility
Maintenance and Operations Committee (FMOC), Construction Operations Building
Information Exchange (COBIE), Specifier’s Product Information Exchange (SPiE), and the
National Clearinghouse for Educational Facilities (NCEF) are under his direction.

He also manages a program concerned with incorporating a large number of design and
construction criteria on a Web site. This system, the Whole Building Design Guide (WBDG) is
an innovative concept in information use in the construction industry. The system presently has
over 250,000 users and over 2 million documents downloads on a monthly basis, involves over
15 Federal agencies, and has become the sole portal for the distribution of uniform facility
criteria for the military services.

He has taught a range of technical architectural courses at the University of Maryland, Florida
A&M University, and the Washington-Alexandria Center for Virginia Polytechnic Institute and
State University.

In 1976 he received his bachelor of architecture with highest honors from the School of
Architecture at the University of Tennessee, where he received the Chancellor’s Citation for
Extraordinary Academic Achievement. He also has a bachelor of engineering from Memphis
State University.

BIM Basics and Utilization for Building Stabilization Efforts
Building Information Modeling (BIM) is emerging to be an important tool for all building
stakeholders. It can be an invaluable tool for emergency managers after an IED attack that causes
buildings to be in a near-collapse condition. This presentation offers some basics of BIM and
also explores the ways that BIM can help emergency managers.
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Mila Kennett
Milagros Kennett is a senior program manager in the
Infrastructure/Geophysical Division (IGD) of the Science &
Technology Directorate, U.S. Department of Homeland Security.
Currently, she manages several projects of the DHS S&T Counter
IED Research Program and is responsible for the all IGD
International Programs and activities. She is also in charge of a
number of workshops to position the vision and goals for the
division to support infrastructure resiliency and the infrastructure of
the future with underlying principles of national continuity, energy,
environmental sustainability, and resiliency. Ms. Kennett has more
than 15 years of experience on projects in the Middle East, Asia, Latin America, Europe, and the
United States. Her main focus has been on natural and manmade disaster mitigation; building
security; risk assessments; and urban development. She was formerly Deputy Director of the
Ministry of Public Works in the Dominican Republic and served as Dean of the School of
Architecture and Engineering at the Centro de Estudios Tecnológicos. Ms. Kennett has been
awarded and conducted large research projects for the U.S. National Science Foundation. She
was the staff Architect of the Mitigation Branch of FEMA/Department of Homeland Security.
She created and managed the Risk Management Series, which are a series of publications
devoted to natural and manmade disasters. The Risk Management Series publications are
intended to minimize conflicts that may arise from a multihazard design approach and to develop
multihazard risk assessments methodologies for buildings exposed to chemical, biological,
radiological, and explosive attacks as well as to earthquakes, floods, and high-winds. Ms.
Kennett received a degree in architecture and urban design from the Universidad Autonóma de
Santo Domingo and a master of arts degree in international development with a major in urban
economics from American University in Washington, D.C.

● ● ●

Tom Coleman
Thomas Coleman is the Infrastructure Protection Product Lead for the Transportation Security
Laboratory (TSL), which is a Federal Laboratory assigned to the Headquarters of the Science &
Technology Directorate, U.S. Department of Homeland Security. Mr. Coleman oversees
research, testing, and product development in the areas of blast protection and durable building
materials. Prior to assignment to TSL, he was a Director of Operations Research for Battelle,
Managing Director for EGG Professional Services, and an active duty Air Force officer with
field experience securing Departments of State and Defense installations in Europe. He holds a
bachelor’s degree from the State University of New York, Stony Brook, a master of science from
University of Southern California, and is a graduate of the Air War College. He is a retired
Lieutenant Colonel, U.S. Air Force Reserve.
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Alice Clark
Dr. Alice Clark currently serves as Vice Chancellor for Research and
Sponsored Programs at The University of Mississippi. As the institution’s
chief research officer, she oversees the Office of Research and Sponsored
Programs, which is responsible for facilitating and coordinating the
acquisition and administration of fiscal resources and the development of
infrastructure for conducting research and scholarly activities. In this
capacity, Dr. Clark is the University’s chief liaison with Federal offices.

She holds a faculty appointment in the School of Pharmacy, and in 1993
was named a Frederick A.P. Barnard Distinguished Professor of
Pharmacognosy for her research efforts in discovering and developing pharmaceuticals from
natural sources. She has published extensively on the discovery of novel biologically active
natural products and the development of natural products as pharmaceuticals. As principal
investigator she has received continuous NIH funding since 1984 to conduct research related to
the discovery and development of new drugs for opportunistic infections.

She was a charter member of NIH’s AIDS and Related Research Experimental Therapeutics
study section, serving as chair from 1995-1997. She was a charter member and the first chair of
the NIH panel on Drug Discovery and Mechanisms of Antimicrobial Resistance (2004-2007),
and is currently serving a second term on the panel.

In 1993, Dr. Clark was elected as a Fellow of the American Association of Pharmaceutical
Scientists, a designation limited to the association’s top pharmaceutical scientists. In 1996, she
was named the Rho Chi National Lecturer, the top award presented by this national
pharmaceutical honor society.

Dr. Clark received her B.S. in Microbiology (1973) from Troy State University and her M.S.
(1976) and her Ph.D. (1978) in Pharmacognosy from The University of Mississippi.

She serves as Chair of the Mississippi Research Consortium. She is on the Board of Trustees of
the Southern Universities Research Association. She also serves on the Board of Directors for
the Mississippi-Alabama Sea Grant Consortium, and serves as one of three gubernatorial
appointments to the Southern Technology Council of the Southern Growth Policies Board.

● ● ●
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Alexander Cheng
Alexander H.-D. Cheng, Ph.D. is Dean of Engineering at the University of
Mississippi. He obtained his B.S. degree from the National Taiwan
University, M.S. from the University of Missouri—Columbia, and Ph.D.
from Cornell University, all in Civil Engineering. He was a faculty member
at Cornell University, Columbia University, and the University of
Delaware, before he joined the University of Mississippi in 2001 as Chair
of Civil Engineering Department, and became Dean in 2009.

His research interests include nanomechanics, meshless method,
poromechanics, and groundwater flow. He is the co-editor of the journal
Engineering Analysis with Boundary Elements, and was an associate editor for the Journal of
Engineering Mechanics, ASCE. He is also the editor-in-chief of the book series Progress in
Water Resources, WIT Press. He has authored three books, and edited four specialty books, plus
seven conference proceedings. He has published more than 100 journal papers. He was the co-
founder of two conference series: the Biot Conference on Poromechanics, and the International
Conference on Saltwater Intrusion and Coastal Aquifers. He was the recipient of the Walter L.
Huber Civil Engineering Research Prize from ASCE, and the Basic Research Award from the
U.S. National Committee for Rock Mechanics, National Research Council. He currently serves
as the Vice President of Engineering Mechanics Institute, American Society of Civil Engineers.
He was formerly the Vice President for Academic Affairs of the American Institute of
Hydrology. He is also on the Board of Directors of the Wessex Institute of Technology. His
recent research projects include two with the Department of Homeland Security, and one with
Office of Naval Research, on blast protection of critical infrastructure using nano-particle-
reinforced composites, and on blast and impact protection of navy ships.

● ● ●

Mohammed Ettouney
A biography of Dr. Ettouney can be found on page 10.

● ● ●

Eric Letvin
A biography of Mr. Letvin can be found on page 5.

● ● ●
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Ahmed Al-Ostaz
Dr. Ahmed Al-Ostaz is an Associate Professor of Civil Engineering at the
University of Mississippi (Ole Miss). Before joining Ole Miss in 2002, Dr.
Al-Ostaz was a Visiting Assistant Professor at Composite Materials and
Structures Center and an Adjunct Assistant Professor in the Department of
Materials Science and Mechanics at Michigan State University. He focuses
his research on utilizing advanced materials (nano-enhanced, bio-inspired
and self-healing materials) in structural applications using multi-scale
experimental and numerical tools. He published more than 50 journal and
conference papers. Dr. Al-Ostaz has been the PI and Co-PI on research
projects funded by Office of Naval Research, Department of Home Land Security, Air Force Lab
(AFL), NASA EPSCoR, Mississippi Space Consortium, Michigan Department of
Transportation, Mississippi Department of Transportation, General Motors Company, Research
of Excellence Funds (State of Michigan) and NSF-SBIR program with a total funding of more
than $5 million. Currently he is a Co-PI in two major research projects sponsored by the
Department of Homeland Security Science and Technology Directorate (DHS S&T) through the
Southeast Region Research Initiative (SERRI) administered by Oak Ridge National Laboratory,
and one project funded by Office of Naval Research. He was selected by faculty, students and
the engineering alumni of the school of engineering at the University of Mississippi as the
Outstanding Engineering Faculty Member of the Year during the academic year 2005-2006.

● ● ●

Chris Mullen
Chris L. Mullen, Ph.D. is Associate Professor of Civil Engineering and a
newly appointed interim chair of the Department of Civil Engineering at
the University of Mississippi. Dr. Mullen received his Ph.D. from
Princeton University in 1996 and then joined the faculty at The University
of Mississippi. After receiving his MSCE from Rice University in 1981,
he spent 5 years with Mobil R&D, 2 years with ADAPCO, and 3 years at
Weidlinger Associates. He has taught a variety of courses in the area of
Mechanics, Structures, and Design. He has expanded a strong research
program in the area of Structural Mechanics and Earthquake Engineering
and now serves as Associate Editor of the ASCE/SEI Journal of Structural Engineering in the
area of Methods of Analysis. Since 2002, he has served as founding director of the UM Center
for Community Earthquake Preparedness and been PI on a number of hazard mitigation planning
research projects sponsored by MEMA, FEMA, and others. During Hurricane Katrina he served
in MEMA’s EOC and as the MS representative for the subsequent FEMA Mitigation Assessment
Team. He is now a co-PI on a major blast resistant structures research project sponsored by the
Department of Homeland Security Science and Technology Directorate (DHS S&T) through
SERRI administered by Oak Ridge National Laboratory. The project has enabled collaboration
with two national laboratories: 1) Geotechnical and Structures Laboratory at the U.S. Army
Engineer Research and Development Center in Vicksburg, Mississippi, and 2) Building Fire
Research Laboratory at the National Institute of Standards and Technology (NIST) in
Gaithersburg, Maryland.
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Introduction
At the end of each day, the participants split into breakaway sessions to share ideas and discuss
the technologies and strategies introduced in the presentation sessions. These breakaway sessions
helped develop the direction of the DHS S&T stabilization research committees. Each
breakaway group used a “Breakaway Session Matrix” to generate valuable and directed
conversation on the day’s topics. In addition to asking pointed questions, the matrix is set up
with suggested discussion items across the top and down the left side of the page. The intention
is not to fill out a grid, but rather to cross the ideas in the top row and left column to generate
ideas. The matrix and key discussion points are provided below.
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DAY 1: METHODS AND TECHNIQUES

Breakaway Session 1A: Sensors
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Discussion

What kinds of sensors are suitable for use before, during, and after an IED attack
that leads to building instability?

 Before an IED attack:
o More research is needed to determine the need for baseline pre-event verses post-

event
o The structure changes after an event, therefore changing the baseline

 During an IED attack:
o The sensor should indicate peak yield estimate (pressure/strain)

 After an IED attack:
o There needs to be a way to assess the situation without a baseline
o The sensor should monitor p-delta movement to look for progression of strain (no

need for baseline)
 It is not practical to establish a baseline for every building, but we can prioritize by

establishing baselines for critical buildings
 Types of sensors: thermography (during event), strain, accelerometers, crack growth

monitor (before and after), laser, and optical (Shadow Moiré)
 3-D Laser Position System/High Rise Digital System:

o Tracks movement
o Assesses how much the new baseline changes
o Expensive to implement but reusable

 During/after sensors are more useful to first responders but useful to have data before
attack for owners and insurance

What is the role of remote sensing?
 Remote sensing provides 3D imaging of what is occurring in a building
 Can help first responders determine whether it is safe to go in or not

What is the role of wireless sensors?
 Wireless sensors help us understand the changes in parameters at the micro level
 This is especially helpful in detecting or predicting brittle failure

How should sensors be used before an event in new/existing buildings?
 To classify structures in general in order to identify parameters: start from FEMA

classifications, select those that are more appropriate for blast.
 To link BIM to structural health monitoring (SEI has started this effort)
 To prioritize by critical factor(s)
 Other things to consider:

o Do we want an instrument for blast only, or for other hazards? Incentive to
accommodate more than one hazard.

o What is likelihood of sustainability between sensors, data, and buildings?
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What is the current state of technology of these sensors?
 Sensors need to be compatible with new technology
 Sensors need to be designed for longevity
 Sensors need to be accessible

Based on our discussion and your experience, specify adequate types of sensors
that should be used before and after a building is attacked by an IED.

Before an attack After an attack

 Sensor technology that indicates
progressive change

 Sensors used before an attack can be
useful for insurance

 Need Information to categorize
behaviors of building

 Depends on the type of threat
 Motion sensors, anchrometers, and

tiltometers
 Mobile (and expensive) sensors
 Rapid screening tools
 Need to define thresholds to aid first

responder decisions

● ● ●
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Breakaway Session 1B: Needed Information
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Discussion

What information do first responders need regarding a near-collapse building
before, during, and after an IED attack?

 Information needs and availability depend on the age of the building
o Structural health monitoring information is useful

 First responders need a framework of information (e.g., construction type, configuration)
o This information should be correlated to the Risk Assessment/Analytics tool so

that the tool can pre-populate the first responder assessment tool
 Level of detail provided depends on whether it is for first responder (police, fire) or

advanced responder (structural specialist)
 The monitoring and sensing tools should convey the following to aid first responders:

o Is change occurring?
o What is changing?
o How fast is it changing?
o What are the warning signs before failure?
o Can we measure the changes in stiffness? For example, seeing the frequency of

vibration increase in the World Trade Center columns.

Would information about pristine buildings be of value? Why?
 Establishing a structural baseline requires long-term sensing of a specific building. This

is a huge undertaking when performed on multiple buildings.
 It makes sense to establish a baseline for iconic or high-volume buildings that are most

likely to be attacked, or if attacked would have a high number of casualties. Otherwise, it
is not cost-effective and only post sensors should be used.

 Buildings are currently classified by collapse potential/collapse pattern.

How would sensor measurements be used to provide such information?
 Sensors can survive blast/fire relatively well
 Pre-deployed sensors are often programmed to send information intermittently to save on

cost. There is no guarantee that they will be sending information at the time of the event.
 Pre-deployed acoustic sensors are not useful
 Pre-deployed tensile and tilt sensors can provide baseline and change from baseline
 Post-deployed acoustic sensors can detect micro fractures of overloaded members
 Could have post-deployed sensors deployed by firefighters to start trending data as soon

as possible

What are the efficient methods of displaying such information?
 Provide first responders with a way to determine safety: red, yellow, green seems to work
 There is concern for data overload
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What is the state of current information technologies?
 Digital imaging is available but there is data overload by taking an image every second

and comparing the change
 Fusion of visible and thermal cameras to compare second-to-second streaming

information
 Electromagnetic imaging can help us see through concrete and walls and see movement

in the structure. Users can see a few meters behind the walls they are trying to sense.
 Remote sensing and signal extraction are not too advanced yet
 Technologies to research:

o We should test survivability of sensors in explosive events
o We should use existing incidents to predict damage patterns for old and new

building types. This could help predict locations of voids.
o We should look into what is already being done with high value asset buildings

that have been sensors. Do they already have analysis models?

Based on our discussion and your experience, what do you believe are the most
important types of information that sensors can provide regarding IED-attacked
buildings?

Pristine Buildings Near-Collapse Buildings

 Disseminate current information to first
responders

 Create framework for first responders
to gather information from their local
jurisdiction that can be input into risk
assessment tool that is being developed

 Need BOTH pre- and post-explosion
monitoring (pre for more iconic,
important buildings)

 For building types not being monitored,
provide additional first responder
training

 Change (warning of imminent failure)
 Location of change (which elements

have changed)

● ● ●
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Breakaway Session 1C: Structural and Damage Identification
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Discussion

What structural identification techniques can be of use?
 Rapid Visual Screening publications that assess buildings based on characteristics
 ERDC worldwide structures database that categorizes buildings in different countries

What damage identification techniques can be of use?
 StS manuals that describe failure mode by structure types, based on ATC Rapid Visual

Screening for Earthquakes

What different damage types are of interest?
 How the structure came down, in order to locate possible void spaces
 Quality of construction, in order to gauge potential future collapse
 Strength and stability of partially damaged buildings
 Level of damage to critical elements
 Detecting stability is more important than detecting damage

How efficient are current sensors in detecting damage? Can such detection be
done in real time?
 Current state of the art sensors detect whether the whole system has changed, which has its

limits for predicting collapse
 Current sensors have no way of getting down to details of specific elements
 There are a lot of variables, such as wind and sunlight, that need to be filtered out to make

sensors more accurate
 Significant time needed to establish baseline; valuable for critical facilities but not cost-

effective for regular commercial buildings that might be in vicinity of target building

How would damage identification methods relay damage information to first
responders?
 Information to the micron might not be useful to first responder
 Probabilistic approach to aiding the go/no-go decision, should not have just one hard

threshold
 Simplify data to make educated decisions (Red/yellow/green approach)
 Combine expertise of all fields
 Understand objectives of first responders and engineers
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Based on our discussion and your experience, what are the two most important
types of damage and how are they relayed to first responders?

Types of Damage How Relayed to First Responders

 Partially collapsed structures – we need
monitoring to make sure remaining
structure is not going to collapse on
responders

 Different failure mechanisms – ductile,
brittle, instability

 3D BIM modeling of building plans to
assess structural elements, possibly
identify voids, determine where sensors
could be placed

 Different sets of user interfaces for
different responders to relay
information to the level of detail needed
(short-term and long-term)

 Educate firefighters in structural basics,
encourage hiring engineers on staff at
fire station to close knowledge gap

● ● ●
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DAY 2: NEEDS AND SOLUTIONS

Breakaway Session 2A: Real-Time and Near-Real-Time Decision Making
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Discussion

Who are the stakeholders that need to make decisions after an IED attack?
 First Responders – police department, fire department, city engineers
 Other Stakeholders – utility companies, forensics, general public, Department of

Environmental Quality
 Mutual Aid and head of emergency operations at the State level to call for different resources

around the State
 Emergency directors of mass notification systems

What are the decisions that are needed to be made by different stakeholders?
 To evacuate or not evacuate?
 Is it safe to enter? We need to define threshold or indicators on sensor data
 Police/Fire – Can we handle this ourselves? Do we need more resources?
 What equipment is appropriate and usable for the present hazards? Do we need major

equipment (cranes, front-end loaders)?
 Resolving of conflicting information
 Collapse/Evacuation Zone, egress protocols
 Do we initiate the Incident Command System (ICS)?
 Is this an isolated event, or widespread or multiple attack scheme?
 Prioritization of different areas of damage
 HAZMAT personnel need to look for secondary devices/hazards
 Prioritization of victims
 Consequences of partial collapse

How would information gathered by sensors be translated into decision by first
responders and other stakeholders?
 Green, Yellow, Red for different areas of the building – Make a software where observations

are the input, and the computer makes a quick interpretation and decides
 Graphical presentations of data to simplify complex data

What are different decision-making techniques? How beneficial is using
probabilistic techniques to make decisions?
 Probability is the most common decision-making technique
 It can be difficult to determine a threshold with a probabilistic technique, and people get too

tied up with numbers
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Based on our discussion and your experience, what are the most important
decisions that can be provided to first responders immediately after an event and
24 hours after an event?

Immediately 24 Hours After

 Where can the search team start
working? Give absolute positives first.
Safe access and safe exits.

 Where is the best location to rescue
people?

 Has the structure momentarily come to
rest?

 How to contain the event?

 What is the best path to save lives?
 What are the movements of the

structure?
 How do we best shore up and retrofit

the building?
 What is the mitigation plan?
 What are the first responders’

capabilities?

● ● ●
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Breakaway Session 2B: Knowledge Gaps and Future Challenges
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Discussion

What types of sensors are needed?
 Acoustic sensors
 GIS-type sensors to detect voids

What advances in damage detection methodologies are needed?
 Assess structural integrity
 Produce data with enough time to provide warning to responders
 Sense brittle failure
 Sense pre-damage baseline
 Sense at the micro-level to predict macro-level behavior
 Find voids in debris piles

What decision-making techniques are needed to improve stakeholders’
efficiencies?
 Guidelines on risks of failure of different building types and attributes to consider
 Decision-making without providing numbers
 A way to process data. The data is available but what do we do with it once it is collected?
 Determination of threshold
 Using BIM to determine where sensors should be placed

What research efforts can help the above needs?
 Develop a wireless monitoring system implemented in the field
 Perform a demonstration of cluster RFIDs
 Basic acoustic sensing research
 Decision-making needs of first responders
 Research to determine threshold
 Create a BIM standard for first responders that can be applied to every building
 BIM demonstration project using Murrah Building as case study

What are the benefits and challenges to using Building Information Modeling
(BIM) to provide better information to stakeholders? How does BIM tie into sensor
needs?
 BIM is the end product; we need to have the data to put into BIM
 It is beneficial to have data for buildings surrounding the critical facility being monitored

because they are subject to collateral damage and can create more debris
 It takes time to data mine BIM model
 We could take damaged elements out of BIM model and see how the building reacts
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In terms of improving sensing of near-collapse buildings, what are the benefits of
deploying high-performance buildings? What are the challenges?
 Benefits

o Determine where to place sensors to maximize valuable data
o Determine location of possible voids

 Challenges
o Convincing stakeholders to use BIM

Based on our discussion and your experience, what are the most important
knowledge gaps that need to be considered, both in the short term and the long
term?

Short-term Long-term

 Develop and demonstrate a wireless
system

 Correlate sensor output to damage
detection and collapse prediction, and
compare to healthy buildings

 Has the structure momentarily come to
rest?

 Apply sensors to field tests already
being done at ERDC

 Identify precursor parameters that
indicate onset of brittle failure at both
the structural and material level

 Model damage information from past
events

● ● ●


