


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 Near-Collapse Buildings Workshop for Emergency Management Personnel.

Through white paper discussions and breakaway sessions, participants in the workshop
investigated the on-site needs and concerns of emergency management personnel (firefighters,
search and rescue, police, and emergency medical personnel). The decisions of emergency
management personnel and rescue engineers on site are critical to the stabilization of a building
susceptible to collapse.

The results of this workshop will help facilitate research and development of state-of-the-art
technologies and methods to stabilize structures after an IED attack. 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 U.S. Department of Homeland Security’s
Science and Technology Directorate would like to thank the Texas Engineering Extension
Service (TEEX) for hosting the conference and providing space and support.

Christopher Doyle
Director
Infrastructure Geophysical Division
Science & Technology Directorate
U.S. Department of Homeland Security

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

1

Day 1 – Wednesday, April 28, 2010
9:00 Welcome and Announcements

Milagros Kennett – DHS, S&T / IGD
Chief Bob McKee – Director, TEEX/US&R

9:15 Session 1 Problem Definitions

Keynote: Don Roy and Chris Gallagher
Building Stabilization: A First Responder Perspective

Eric Letvin and Mohammed Ettouney
Overview of Stabilizations of Buildings Project and Goals of Workshop

K.C. Mahboub
Rapidly Deployable System for the Structural Stabilization of Shock Damaged
Structures

Jon Rigolo
Evolution of Response to an Emergency

Dean Tills
Goals and Demands of Operations in Near-Collapse Buildings: Case Studies from
Disasters over the Past 15 Years

Scott Nacheman
Collapse Case Study and Technology Transfer Opportunities

11:30 Break

11:45 Session 2 Physical Behavior of Collapsing Buildings: Modeling, Debris, and
Mitigation Measures

John O’Connell
Emergency Rescue Shoring Concepts

David Hammond
Destructive Testing of Near-Collapse Mitigation Measures: Wood Shoring, Metal
Adjustable Struts, Steel Jackets, and Expansion Anchors

12:30 Lunch
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1:30 PM Session 2 Continued

Shalva Marjanishvili
Fire-Induced Collapse of Damaged Structures

Hollice Stone for Arturo Montalva
An Approach to Correlating Air-Blast Analysis Results and Post-IED Structural
Residual Capacity

2:30 Session 3 Decision Thresholds and Risk Management

Brian Beadnell
A Possible Approach to Developing IED Rapid Response Support Packages

Peter Keating
The Need for Research into Brittle Failure Modes and Subsequent Possibilities for
Real-Time Monitoring during Rescue Operations – A Case Study

Bil Hawkins
When Rescue Turns to Recovery

Mohammed Ettouney
Risk-Based Rapid Visual Screening Tools for Near-Collapse Buildings

4:30 Breakaway Session: Working Groups
1A: Physicality of Collapsing Buildings
2B: Thresholds and Risk Management

6:00 Adjourn for the day
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Day 2 – Thursday, April 29, 2010

7:45 Reporting of Day 1 Sessions and Resolutions
Introductions to Day 2

8:00 Session 4 Emerging Technologies

Earle Kennett
BIM Basics and Utilization for Building Stabilization Efforts

Ahmed Al-Ostaz
Current Technologies in Materials and Rapidly Deployable Shoring, Stabilizing
and Piping Equipments for Building Stabilization after IED Attacks

David Mascarenas
The Development of Mobile Host Wireless Sensor Networks for Rapid Structural
Assessments

Robin Murphy
Use of Small Unmanned Ground and Aerial Vehicles for Structural Assessment
and Reach-Back

Hollice Stone
How New and Evolving Building Technologies Can Affect First Responders’
Operations

Zach Smith
Fast-Setting FRP Composite Systems to Structurally Retrofit and Stabilize
Reinforced Concrete Columns for Post-Extreme Loading

Thomas Attard
Development of a New Lightweight ‘Rubberized-Carbon’ Composite for New or
Already-Damaged Structures

10:45 Breakaway Session: Working Groups
Group 2A: Emerging Technologies
Group 2B: Testing Needs

11:45 General Assembly and Resolutions

12:15 Lunch

1:00 PM Tour of Disaster City

5:00 Tour Ending
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Don Roy
Chief Donald Roy recently retired in June 2009 after serving with Los Angeles County Fire
Department for over 30 years. For approximately 7 years Chief Roy has worked as a TEEX
Adjunct Instructor. While working as an adjunct he provided assistance in developing and
writing material for the Logistics Specialists course. He has also participated in multiple focus
groups as a Subject Matter Expert.

Chris Gallagher
Chris Gallagher has been a Logistics Specialist for the FEMA New York Task Force 1 since
1997. Mr. Gallagher has been involved in emergency management for 30 years. He spent 14
years in the U.S. Marine Corps, 19 years as a volunteer firefighter, 16 years as a New York City
Police Officer, and 5 years in the New York City Office of Emergency Management. Mr.
Gallagher was deployed to the World Trade Center after the September 11 attacks.

Keynote – Building Stabilization: A First Responder Perspective
The keynote presentation is a discussion of Mr. Roy and Mr. Gallagher’s experiences with near-
collapse buildings from the perspective of the first responder.

Presentation Slides
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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.

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
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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.

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
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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.

Overview of Stabilizations of Buildings Project and Goals of Workshop
Eric Letvin and Mohammed Ettouney presented an overview of the Stabilizations of Buildings
project including major tasks and the committee structure. A brief description and review of the
workshop is discussed.

Presentation Slides
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K.C. Mahboub
Dr. K. C. Mahboub, P.E., has made a significant contribution to the field of
civil engineering through his many years of teaching, research, service, and
consulting. His original work in the area of mechanistic characterization of
construction materials has been published in peer-reviewed journals. Dr.
Mahboub is a firm believer in technology transfer. For example, as a part of
his research, Dr. Mahboub worked very closely with the construction industry
and Kentucky Department of Transportation (DOT) to develop a new set of
quality control/quality assurance concrete specifications, which were adopted
by the Kentucky DOT. His interdisciplinary work in the area of “Creativity in
Design” was recognized by the American Society for Engineering Education, and it received the
Glen Martin Best Civil Engineering Paper Award. He has developed three new civil engineering
courses at the University of Kentucky. In addition to over fifty peer-reviewed publications, he
has published two chapters (on Superpave and Pavement Management) in a popular civil
engineering textbook, “Pavement Analysis and Design”, by Huang.

Dr. Mahboub provides administrative leadership by serving as the Director of Graduate Studies
at the University of Kentucky. He has been recognized for his many achievements by receiving
tenure, being promoted to the rank of full professor, and becoming the first Lawson Professor at
the University of Kentucky; he is also an ASCE Fellow.

Rapidly Deployable System for the Structural Stabilization of Shock Damaged
Structures
The overall objective of this research and development effort is to develop a system that is
deployable with first responders capable of stabilizing blast-damaged structures. The system will
consist of a delivery vehicle capable of both shotcreting and grouting pre-packaged rapid-
hardening fiber reinforced cements, grouts, and micro-aggregated concretes. The system will
provide the capability of stabilizing structures such as airport runways, tunnels, bridges, and
dams that have been shocked and damaged by explosives before they fail catastrophically.

Presentation Slides



SESSION 1
PROBLEM DEFINITIONS

12



SESSION 1
PROBLEM DEFINITIONS

13



SESSION 1
PROBLEM DEFINITIONS

14



SESSION 1
PROBLEM DEFINITIONS

15



SESSION 1
PROBLEM DEFINITIONS

16



SESSION 1
PROBLEM DEFINITIONS

17



SESSION 1
PROBLEM DEFINITIONS

18



SESSION 1
PROBLEM DEFINITIONS

19

● ● ●

Jon Rigolo
Jon Rigolo is a Captain with the Virginia Beach Fire Department where he is assigned to the Fire
Training Division and oversees recruit and technical rescue training. He is a Rescue Team
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Manager for Virginia Task Force Two, one of the 28 FEMA Urban Search and Rescue (US&R)
teams, and has deployed with them to several large disasters including the Pentagon response in
2001. Captain Rigolo is also a member of the FEMA Incident Support Team (IST) and deployed
with them to Texas during Hurricane Ike. Captain Rigolo instructs nationally and internationally
on the subject of technical rescue including collapse rescue and is a FEMA-certified instructor.
Mr. Rigolo is also a Partner of Spec Rescue International, an emergency response training,
consulting and risk management company.

Evolution of Response to an Emergency
As DHS S&T develops new tools and techniques related to Post-IED Building Stabilization, it is
important that researchers and engineers have an understanding of how the response to a large-
scale incident evolves from the first-due engine company responding to 911 calls to a full-scale
Unified Command controlled disaster response, including insight into the types of decisions that
are made at each level of response.

This presentation includes an overview of the typical steps that would occur as local, State, and
Federal responders bring personnel, tools, and resources to bear as they respond to an IED attack.
Ddecisions relating to building stability at each stage of response are also addressed.

Presentation Slides
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Dean Tills
In 1993 Dean joined the Fairfax County Virginia Urban Search and
Rescue Task Force. As the lead engineer on the task force he has
participated in rescue operations after the Oklahoma City Bombing;
Hurricane Fran; the earthquakes in Turkey, Taiwan, and Iran; the Attack
on the Pentagon; Hurricane Katrina; the Haitian School Collapse; and the
Haiti Earthquake. He has also been a subject matter expert for the US&R
Structures Specialist Training, Structural Collapse Technician and
Technical Search Specialist Training Courses.

Dean graduated from the University of Maryland in 1983 with a degree
in Civil Engineering and became licensed in 1989. Dean is currently a
senior associate for Robert Silman Associates in Washington, DC. His
engineering background includes working for contractors and consulting engineering firms in
the design and construction of new buildings, forensic evaluations, and earthquake resistance
studies. He was selected by Engineering News Record (Construction Industry Magazine) as one
of the 25 Top Newsmakers – 2002, for activities at the Pentagon in 2001 and received a Public
Service Award from the American Society of Civil Engineers for his search and rescue work.

Goals and Demands of Operations in Near-Collapse Buildings: Case Studies from
Disasters over the Past 15 Years
This presentation explores the rescue and stabilization activities at several disasters in relation to
safety and operational progress. Discussions present the interaction between operational
engineers and emergency personnel and highlight:

 Command authority and limited resource issues during operations.
 Stabilization equipment and expected operational duration and effectiveness.
 The required interaction between rescue and recovery phase personnel.
 The advantages of eye witness intelligence and an on-site knowledge base in operations.
 The implications of untested or ineffective testing of new technologies that are intended

to assist in rescue and/or recovery operations.
 The impacts of different training pathways and operational goals with respect to rescue

and recovery personnel.

These discussions are based on first-hand experience from disasters such as Oklahoma City,
Pentagon, and earthquakes in several foreign countries, and on evaluations of the activities after
the Kenya Embassy Bombing and a local building collapse in order to provide an understanding
of the goals, obstacles and level of risk to stabilization of a near-collapse structure.
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Scott Nacheman
Scott G. Nacheman is a Vice President in the Chicago office of the
international engineering and building technology firm Thornton
Tomasetti where he specializes in building investigations, failure
analysis as well as restoration/repair design.

Mr. Nacheman serves as a Structures Specialist with Illinois US&R Task
Force 1 as well as DHS/FEMA US&R IN-TF1 and the FEMA US&R
IST Blue. He is a Field Instructor for the Illinois Fire Service Institute
where he collaborated on the development and delivery of the Structural
Collapse Rescue Technician program. Scott also serves as a responder
for the Northbrook (IL) Fire Department and MABAS Division III Technical Rescue Teams.

Scott’s interest in disaster mitigation is a result of his over 18 years experience working with the
fire service in New York and Illinois, where he has served as a Firefighter, Lieutenant and
Instructor.

Mr. Nacheman is currently involved in several University-based research projects related to
emergency response and post-disaster evaluations of structures. In addition he serves as an
Advisory Member to the Illinois Terrorism Task Force and is currently involved with the
development disaster engineering resource typing and training for the American Society of Civil
Engineers (ASCE) Committee on Critical Infrastructure.

Scott is a Certified Fire and Explosion Investigator and is also a Member of Technical
Committees of the National Fire Protection Association (NFPA), Society of Fire Protection
Engineers (SFPE), American Institute of Architects (AIA) and the National Council of Structural
Engineers Associations (NCSEA).
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Scott received masters degrees in both Architecture and Civil Engineering from the University of
Illinois at Urbana-Champaign.

Collapse Case Study and Technology Transfer Opportunities
The author presents a case study of a building collapse incident involving a secondary collapse
that occurred while first responders were on scene conducting search operations. The collapse
incident involved an occupied multi-story steel and concrete parking structure attached to a
partially occupied mid-rise condominium building. A progressive collapse of several bays
occurred throughout four stories of the structure.

The nature of the initial collapse, the emergency response, and the author’s involvement during
the secondary collapse incident are discussed with a focus on the need for improved
instantaneous information gathering regarding structural integrity and overstress conditions.
Researchers and other stakeholders will benefit from a discussion of the type of ‘everyday’
emergency responses that can benefit from the development of real-time sensors and systems for
collapse detection.

Moreover, the author presents a brief overview of two current University-based research projects
on which he worked in an advisory capacity. The focuses of the systems include Radio
Frequency Identification systems for building triage management and Digital Image Correlation
for structural movement detection. In addition, a third project involving ultra-sensitive GPS
monitoring with applicability to the field of collapse detection in compromised buildings is
discussed.

Presentation Slides
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John O’Connell
John has recently retired from the City of New York Fire Department
after 26 years of service. For the last 18 years he was assigned to the
departments Collapse Rescue Company No. 3.

John is a principle member of the NFPA 1670 committee program and is
the task group chair for the structural collapse section. A former task
force leader for New York City’s US&R Task Force 1, He has been on
several FEMA development committees in the past 15 years, as well as a
lead instructor for the FEMA rescue specialist training. John also serves
as a member of the FEMA Incident Support Team at major disasters. He is an author of
numerous articles on structural collapse and technical rescue, and also the book Emergency
Rescue Shoring Techniques. He was also a member of the FDNY command staff at the World
Trade Center Incident, John was in charge of all underground search and rescue operations as
well as the FDNY liaison with the contractors. He operated at the site continually for 5 months.

He has spent extensive time over the last 15 years in curriculum development for the FDNY, the
NY State Office of Fire Prevention and Control, and the FEMA Urban Search & Rescue system.
John is the lead shoring instructor for the FEMA US&R system as well as the U.S. Army Corps
of Engineers US&R branch.

John is the president of Collapse Rescue Systems Inc., an international training company
specializing in technical rescue. John has taught extensively throughout the country as well as
Canada, China, Germany, the Middle East and Japan.

Emergency Rescue Shoring Concepts
This presentation shows the current state of Emergency Rescue Shoring being implemented by
the FEMA Urban Search & Rescue System, as well as the national standard for responding with
firefighting assets. The hows and whys of this method are discussed.

Presentation Slides
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David Hammond
David graduated from the University of California, Berkeley in 1954 with a
B.S.C.E., and was engaged in the design of seismically resistant structures
in the San Francisco Bay Area from 1957 to 2000. He served in the U.S.
Army from Jan 1955 to Jan 1957, and was stationed at Ft. Belvoir in the
spring of 1955. While serving in the Army he began his instructional career
as a Troop Information & Education NCO.

In 1985, he began his involvement in Urban Search and Rescue as the
leader of the U.S. Search Dog Team 3 at the Mexico City Earthquake.
Since that time, David has continued as a support member of California Rescue Dog Association
in numerous other disasters.

He was an original member of the FEMA US&R Advisory Committee and is the current Chair of
the DHS/FEMA US&R Structures Sub-group. He is a lead instructor for the USACE-
DHS/FEMA Structural Specialists (StS) training program, as well as other FEMA US&R
training courses. He was a lead StS for the FEMA response to the Oklahoma City Bombing
incident, the Puerto Rico Gas Explosion in 1996, and the World Trade Center Collapse in 2001.
As member of the FEMA US&R White Incident Support Team (IST) he has responded to many
hurricanes. He is a member of DHS/FEMA’s CA-TF-3 located in Menlo Park, California.

Destructive Testing of Near-Collapse Mitigation Measures: Wood Shoring, Metal
Adjustable Struts, Steel Jackets, and Expansion Anchors
The United States has been preparing to respond to building damage or collapse events for two
decades. 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. The FEMA US&R System has developed standards for vertical
and lateral support elements that provide redundancy to compromised structures. These elements
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include wood shoring, metal adjustable struts, steel pickets, and expansion anchors. It is
important that all involved in a response understand the capacity of these elements as well as
their performance behavior. Since the loadings that may be imposed on these elements by
severely compromised structures may not be accurately determined, or may change or shift with
time, it is important to ensure that their failure modes are ductile, repeatable, and observable in
the field.

A testing program, developed and conducted by the FEMA US&R Structures Sub-Group, was
initiated in 2000. It has filled the need of providing vital design data for these simple and
sometimes complex supporting elements. In addition, the testing has given rescuers and the
engineers who support them the ability to observe the performance of these elements under
severe loading. This presentation describes the testing program, and explains how it has helped
to improve the design and use of the various mitigation systems. It also indicates the future
direction of the testing program.

Presentation Slides
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Shalva Marjanishvili
Dr. Marjanishvili leads Hinman’s Advanced Technology practice, and is an
expert in the dynamic non-linear response of structures to the effects of
seismic, impact and explosive loadings. He is responsible for Hinman
Consulting Engineer’s analytical capabilities including progressive collapse
analysis of new and existing buildings, anti-terrorist design and analysis of
air-blast response of existing and new structures. He is a principal author of
Hinman analysis software for evaluating structural response to explosive
terrorist threats using new and innovative analysis techniques and cost
effective design solutions to provide and improve reliability and robustness
of structural systems against various threats and hazards, natural or
manmade.

His experience includes protective anti-terrorism design, progressive collapse mitigation,
vulnerability and risk assessments of numerous Federal office buildings including Federal and
State courthouses, embassy structures, airline terminals including airline control towers, military
installations including command and control centers, commercial building including banks,
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pharmaceutical and petrochemical facilities. His recent projects include the blast design of the
new U.S. Embassy in Baghdad, Iraq; blast analysis and testing of multiple exterior envelope
elements; and seismic peer reviews.

Dr. Marjanishvili has published more than 30 technical papers and has presented at national and
international conferences. He is the recent author of the Masonry Section for the ASCE/SEI
Blast Protection of Buildings Standards Committee as sponsored by the American Society of
Civil Engineers. He has over 15 years of experience in the analysis of nonlinear response of
structures. Currently, he chairs ASCE/SEI Blast Shock and Impact Committee.

Fire-Induced Collapse of Damaged Structures
In current practice, progressive collapse analysis typically includes two types of hazards: the
initial hazard that causes the localized damage (analysis referred to as specific local resistance –
SLR) and the subsequent response of the structure to bridge loads across the damaged areas
(analysis referred to as alternate load path – ALP). However, little detailed information is
available on a third type of hazard such as fire that typically follows the initial hazard. Prolonged
exposure of a damaged structure to fire could be detrimental to the short-term stability of that
structure and may pose a significant threat to the safe evacuation of building occupants.

In this paper, we study the effects of fire following an explosion that causes failure of one
column on the perimeter of a common steel building frame. Our approach focuses on a steel
structure that is designed to satisfy new DOD (UFC 2009) guidelines and assumes that the
explosion not only damages one column but also damages the fire protection applied to members
in the vicinity of the explosion. Results of this study include estimates of the time to collapse
initiation and a correlation between the extent of damage to the fire protection and the collapse
time. The goal of this study is to raise awareness of potential fire hazards that may follow
explosions and provide recommendations regarding evacuation times for occupants of damaged
buildings under fire. Results of this study can be used to qualitatively determine time duration
until complete collapse of the structure.

Presentation Slides
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Holly 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.

An Approach to Correlating Air-Blast Analysis Results and Post-IED Structural
Residual Capacity
Arturo Montalva

Building design under catastrophic loads, including air-blast, is a well studied field. However,
the recognized response limits used in design include very limited information regarding the
post-event capacity of the structure and therefore cannot, at this time, be used to provide
information to rescue teams and first responders regarding building stability during rescue
operations.

In air-blast design, the most common design procedure is nonlinear, dynamic, single-degree-of-
freedom analysis of structural elements. This analysis type is able to capture the complexity of
the axial/bending response of a structural member while maintaining computational efficiency.
This analysis procedure evaluates the values of the peak dynamic ductility and structural element
support rotations against limits that are based on the required level of protection of the building
and the importance of the structural/architectural element evaluated.

Unfortunately, even though these response limits are adequate and convenient for building
design, they have very limited meaning for post-event building evaluation because:

 They are based on the peak dynamic response of the structural/architectural element and
not on the permanent response of the member; and
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 They do not adequately address the post event residual capacity of each structural
element, and therefore the post-event ability of the structure to continue to support loads.

First responders and rescue teams must be able to understand not only the structural damage that
has occurred, but the remaining structural capacity of the building systems. In this presentation
we discuss a possible approach to correlate single-degree-of-freedom air-blast.
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Brian Beadnell
Brian Beadnell has served in the emergency response, preparedness and planning field for almost
26 years. His extensive experience and expertise includes instructional, operational, fiscal,
planning and logistics management, in and with many local, State, and Federal agencies.

Currently Mr. Beadnell consults and continues to instruct, lecture, and work on developmental
planning, reach and rescue, hazardous materials, CBRNE and operational logistics nationally and
internationally, which have included The State Department for the Jamaican Fire Service, Office
of The Deputy Prime Minister at the National Fire Service College, Police National CBRN
Centre, and The London Fire Brigade for the United Kingdom. He is a National Cadre Adjunct
Instructor at Texas A&M University for national and international Urban Search & Rescue
programs and courses. He has provided training and services for a variety of Fortune 500
companies. He has authored several articles and co-authored the National Logistics Specialist
course for DHS/FEMA

His national incident management assignments include The California Northridge Earthquake,
The California Flood/Water Response, The Oklahoma City Bombing, The Pentagon Attack,
World Trade Center Attack, & Hurricane Katrina / Rita, in addition to multiple responses of
National consequence across the county.

A Possible Approach to Developing IED Rapid Response Support Packages
The resources that are intended to be utilized and/or are necessary for effective operations to
mitigate an incident should be configured in a rapid deployment equipment cache package and
pre-staged at strategic locations or pre-identified in locations throughout the county. These
resources include personnel that possess rapid assessment and stabilization knowledge skills,
abilities, and techniques to correctly identify high leverage mitigation activities. These packages
would be resources that assist with the process of rapid assessment techniques for determining
building instability/stability.

These IED rapid response support packages that support the initial evaluation and mitigation
process of an IED evaluation team should be standardized and typed in the same format as other
National or Regional Response and Support assessments such as Urban Search & Rescue Teams
(US&R), Disaster Medical Assistant Teams (DMAT), Pre-positioned Equipment Program (PEP).

Each response package should be modular in design to be either stand alone or componentized so
that it could be added into one of the Federal or regional responses assets on an as-needed bases.

The value to this sort of design is that it can be rapidly deployed to an incident so that valuable
time is not expended on locating resources and personnel to fit the need of the incident and
costly procurement of equipment at the time of the incident. Equipment evaluation comparisons
of these resources can be performed at Texas A&M to provide the needed testing and evaluation
environment that Disaster City has to offer and the necessary skilled professionals in the variety
of needed abilities.
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This presentation also discusses considerations that should be addressed when developing new
tools for first responders and US&R teams.
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Peter Keating
Dr. Pete 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, PA. 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.

The Need for Research into Brittle Failure Modes and Subsequent Possibilities for
Real-Time Monitoring during Rescue Operations – A Case Study
This presentation discusses the need for research into failure mechanisms of building elements
subjected to a sustained overload condition. Once we have greater understanding of the failure
mechanisms, we can make informed decisions as to the type of sensors that would be most useful
in different post-blast rescue situations. The presentation uses the case study involving a
secondary collapse of a precast parking structure during rescue operations.

The collapse of a pre-cast component required a US&R response to extricate a victim.
Immediately following the removal of the victim, a secondary collapse occurred that was sudden
(brittle) and without warning. Fortunately, there were no additional victims. Our preliminary
research into the failure mode indicates that the failure occurred due to a sustained overload
condition on a lightly reinforced concrete corbel.

This secondary collapse illustrates the inadequacies of our current understanding of failure
modes and thus the inadequacies of our US&R monitoring systems for providing advanced
warning for this type of failure. A discussion on the current and future needs for research into
brittle structures failures and monitoring of these structures during rescue operations is provided.
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Bil Hawkins
Bil has been a Structures Specialist in the FEMA Urban Search and Rescue
system since 2000 and is currently a Structure Specialist with CO-TF1
(Colorado) and member of Park County Wilderness Search and Rescue. He
is SPRAT Level III and IRATA Level II certified as a rope access
technician leading teams on complex bridge and building inspections. He is
the Director of Structural Engineering and a Principal of Knott Laboratory,
a nationally recognized forensic engineering firm located in Denver,
Colorado.

Bil was on the first team of USACE engineers to deploy to the Haiti 2010 earthquake and was
designated the Incident Commander by the UN Fire Chief for the Hotel Montana recovery
operation, extracting 70 souls from the concrete pancake collapse. Bil was also on the first team
of USACE engineers to deploy Iraq at the onset of Operation Iraqi Freedom and spent 8-months
in theater including 10-days as an advisor recovering dead students from the concrete pancake
collapse at the Celtiksuyu dormitory school during the Bingol, Turkey earthquake in May 2003.

Bil was the team leader for Kenyon International during a subsequent trip to Haiti to recover the
body of a 5-year old girl from New Zealand. He is currently in discussions with Kenyon
International to assist their highly technical team of recovery specialists in surgically
deconstructing structures in order to extract bodies with respect and dignity. He is a Marine
Corps veteran who lives by the Chinese term "Gung Ho" meaning a willingness to tackle any
task with total commitment.

When Rescue Turns to Recovery
This presentation goes through the different mindsets of how to shore partially collapsed
structures when the reward of rescuing live victims is no longer viable. Factors of safety become
greater while the acceptable risk becomes far less. Often heavy equipment or controlled blasting
is used to bring down the structure in order to retrieve the victims, though these methods are not
always desired by the grieving family members.

Mr. Hawkins provides two case studies where recovery of an entombed victim was done in a
surgical manner utilizing shoring and/or alternative mitigation techniques to reduce the exposure
of the rescuers. One case study is a man who had fallen into a large active sink hole beneath the
basement level of a wood frame three-story structure. The other is a case of a 5-year-old girl
entombed beneath a five-story partially collapsed concrete post-and-beam structure that had been
damaged as a result of the 2010 Haiti earthquake. In each case, the victims were recovered with
respect and dignity without damaging the bodies or injuring the rescuers.

Mr. Hawkins’ multi-media PowerPoint presentation includes photographs and written
descriptions of the planning, execution and contributing factors involved with making these two
successful recoveries using an almost surgical-like method of controlled demolition utilizing
shoring methods far exceeding typical rescue methods. Each recovery utilized typical first
responder Incident Command Structure systems with extraction teams made up of first
responders and technical experts.



SESSION 3
DECISION THRESHOLDS

64

Presentation Slides



SESSION 3
DECISION THRESHOLDS

65



SESSION 3
DECISION THRESHOLDS

66



SESSION 3
DECISION THRESHOLDS

67



SESSION 3
DECISION THRESHOLDS

68



SESSION 3
DECISION THRESHOLDS

69



SESSION 3
DECISION THRESHOLDS

70

● ● ●

Mohammed Ettouney
A bio of Dr. Ettouney can be found on page 7.

Risk-Based Rapid Visual Screening Tools for Near-Collapse Buildings
This presentation describes some of the basics of risk-based decision tools that objectively
evaluate risks involving potential instability and failures of near-collapse buildings that confront
first responders and other decision makers after an IED attack.
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Mohammed Ettouney
A bio of Dr. Ettouney can be found on page 7.

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 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. It is probably the largest
Web site in the building community. 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.

Before coming to NIBS Mr. Kennett was Administrator for Research at the American Institute of
Architects, where he also managed various large and complex building research projects
including managing the development of the energy professional development program for the
American Institute of Architects, which was the largest individual continuing education program
the AIA had embarked upon.

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.
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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. The
presentation then explores the ways that BIM can be of help to emergency managers.
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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.

Current Technologies in Materials and Rapidly Deployable Shoring, Stabilizing
and Piping Equipments for Building Stabilization after IED Attacks
This paper examines the advantages and disadvantages of current technologies in materials and
rapidly deployable shoring, stabilizing and piping equipments for building stabilization after IED
attacks, with special emphasis on using composite materials. One of the main disadvantages of
using wood shoring is its unpredictable, sudden, and brittle failure. Recently, composite
materials have been used as flexural reinforcement in wood beams for transportation
infrastructure applications. This paper reports the results of a preliminary study investigating the
use of glass fiber-reinforced plastic (FRP) to reinforce short wood beams for improving both
shear and flexural strengths. E-glass fibers in pre-impregnated, woven and stitched forms were
investigated with resorcinol (phenol formaldehyde), epoxy and vinyl ester as resins/adhesives.
The experimental program consisted of small-specimen tests to determine material properties,
and large-specimen beam tests. The study demonstrates that polymer composite shear
reinforcement is effective in increasing the overall strength of shear critical beams and providing
ductility. Preliminary tests at University of Mississippi showed that ductility of wood columns
improves significantly by retrofitting wood with FRP. Expansion and contraction of the wood
with FRP wrapping has also been tested. A test plan for testing wood columns with a UV cure
resin is presented. Nano-additives are also considered in the test program.
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David Mascarenas
David Mascarenas recently joined the Engineering Institute at Los
Alamos National Lab as a director-funded postdoctoral fellow. David
received his Ph.D. in Structural Engineering from UCSD, advised by
Professor Michael Todd. David has been an integral part of the
institute’s research in structural health monitoring and wireless
hardware development. His Ph.D. dissertation involved the
development of a novel “mobile host” wireless sensor network,
where a small-scale helicopter platform was used as a mobile host to
wirelessly deliver energy to sensor nodes on as-needed basis. Once a
sensor node was energized, it would make a measurement and
wirelessly transmit the data back to the helicopter for storage and
further analysis. His work was highlighted in the April 2008 issue of Sound and Vibration
Magazine. For his postdoctoral research, David is currently working on high-speed, autonomous
unmanned ground vehicle escape and evasion. This work is vital to developing tamper-resistant
unmanned ground vehicles that are robust when confronted by hostile agents.

The Development of Mobile Host Wireless Sensor Networks for Rapid Structural
Assessments
This presentation summarizes the work at the Los Alamos National Labs Engineering Institute to
develop “mobile host” wireless sensor networks. These networks facilitate the rapid assessment
of structural integrity in the event of natural or man-made disasters. Mobile host wireless sensor
networks have the potential to rapidly asses the structural integrity of a building that has
experienced an IED or other extreme event. By presenting this work we hope to receive feedback
from the first responder community to help us guide the path of further research.

In the event of a natural or man-made disaster, the structural integrity of civil infrastructure may
be in question. In these circumstances, decision makers require structural integrity assessments,
and the current state of the art is rapid visual screening. Unfortunately, accessibility and safety
concerns often delay the execution of the necessary site surveys, which in turn compounds the
economic impact of such disasters. Structural Health Monitoring (SHM) wireless sensor
networks can quickly provide the data collection necessary for rapid structural assessment
without endangering human lives. Technical challenges affecting the deployment of such a
network include ensuring power is maintained at the sensor nodes, reducing installation and
maintenance costs, and automating the collection and analysis of data provided by a wireless
sensor network. Los Alamos National Labs has been investigating the “mobile host” approach to
these problems. This architecture utilizes novel sensor nodes that are deployed without resident
power. A mobile host, such as UAV, UGV, or teleoperated-vehicle, is used on an as-needed
basis to provide the required electric power to the nodes by wireless energy transmission and
subsequently retrieve the data by wireless interrogation. The mobile host may be guided to any
deployed node that requires interrogation. Furthermore, mobile hosts can be configured to access
areas inaccessible to human personnel. To date, the mobile host wireless sensor network has
been demonstrated in the field using both air- and ground-based mobile hosts. Ongoing work is
concerned with developing path planning algorithms for quickly negotiating rough terrain with
the mobile host, terrain classification, algorithms for executing tactical maneuvers (e.g., PIT



SESSION 4
EMERGING TECHNOLOGIES

93

maneuver), and distributed computing across the wireless sensor network. These tools will help
enable rapid structural assessments after extreme events, while minimizing risk to personnel.
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Robin Murphy
Dr. Robin Murphy is a Professor of Computer Science and Engineering and Director at the
Center for Robot-Assisted Search and Rescue at Texas A&M. She has been an active researcher
in rescue robotics since 1995, served with Florida Task Force 3 as a technical search specialist
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from 2001-2008, and has participated in the majority of known rescue robot deployments,
including the first use of ground robots for search and rescue (World Trade Center collapse) and
the first use of small unmanned aerial vehicles for search and rescue (Hurricane Katrina). She
has over 100 scientific publications on rescue robots and related areas and serves on the National
Academy of Engineering Studies and the Defense Science Board.

Use of Small Unmanned Ground and Aerial Vehicles for Structural Assessment
and Reach-Back
This presentation describes the use of small ground and aerial robots by responders to i) collect
post-disaster structural data and ii) reach-back to experts. The Center for Robot-Assisted Search
and Rescue (CRASAR) has assisted with nine incidents, starting with the World Trade Center
collapse in 2001. Three of those deployments focused on supporting structural assessment of
buildings:

During deployment with Florida Task Force 3 at Hurricane Charley (2005), CRASAR showed
the advantages of laser illuminators for more accurate assessment of building interiors in total
darkness than with thermal cameras. The laser illuminator was originally designed for a ground
robot but was used manually.

Under funding from the National Science Foundation, CRASAR used an aerial vehicle to
document damage to multi-story commercial structures in Mississippi after Hurricane Katrina
(2006). A four-person team including Sam Stover (Indiana Task Force 1) flew for 5 days
mapping 10 structures over 30 flights. In addition to the practical expertise in operations, data
was transferred each night to a team of disaster structural experts Bill Bracken (Florida State
Emergency Response Team), Dave Hammond (FEMA), and Scott Nacheman (Indiana Task
Force 1), plus a team of academic civil engineers including Doug Foutch (National Science
Foundation), Sunil Saigal (University of South Florida), and Masanobu Shinozuka (UC Irvine)
for evaluation. The reach-back efforts introduced significant deficits in situation awareness and
general understanding.

CRASAR assisted with structural forensics using ground and air robots at the 2007 Berkman
Plaza II parking garage collapse in Jacksonville, Florida. Two types of ground robots were used
to collect data: an active boroscope-like camera from Japan was used to penetrate between
pancaked layers with less than an inch of clearance, while a small shoe-box sized robot entered
the standing portion of the structure and documented sizable cracks. An aerial vehicle was used
to document damage that a manned helicopter could not reach due to safety concerns and stirring
up dust. Real-time interpretation of the data was subject to the same deficits seen at the post-
Katrina survey.

These experiences provide the community with concrete examples of how ground and aerial
robots can be used, workable operational protocols, and suggestions for managing tele-
engineering, including just-in-time training.
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Hollice Stone
A bio of Ms. Stone can be found on page 53.

How New and Evolving Building Technologies Can Affect First Responders’
Operations
As the design and engineering of buildings becomes more sophisticated and begin to incorporate
more lightweight materials, sustainable design practices and blast and other security-related
design enhancements, it is important to consider the effects of these new design practices on first
responders and their emergency operations. This presentation discusses several building design
elements (such as blast- and ballistic-resistant windows, post-tensioned structural systems) and
how they can affect emergency response. The intent of this presentation is to inform researchers
and designers as to first responder considerations that can be incorporated into their design and
research efforts.
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Zach Smith
Zach Smith graduated of Cal Poly, San Luis Obispo with a bachelor of
science degree in Civil Engineering and has been with Fyfe Company since
2003. He now serves as the Government Services lead for the Fyfe
Company – developing blast mitigation and force protection solutions for a
wide variety of projects. Mr. Smith is continually immersed in new
research efforts for blast mitigation throughout North America with
universities, agencies, and independent companies and encourages
interested parties to contact him on the subject. He is a registered
professional engineer in the State of New York.

Fast-Setting FRP Composite Systems to Structurally Retrofit and Stabilize
Reinforced Concrete Columns for Post-Extreme Loading
This presentation illustrates tested methods to stabilize structures damaged from extreme loading
events such as fire, impact, blast, earthquakes etc. using fast-setting FRP composites to wrap
structural elements. Recently, completed testing has used glass and carbon fabrics with special
fast-setting epoxy resins that can be cured within 48 hours. Control specimens were compared



SESSION 4
EMERGING TECHNOLOGIES

107

against near-collapse specimens damaged via shake tables before and after fiberwrapping.
Moderate crack repairs were completed with fast-set non-shrink repair mortars. Phase one test
results indicated that full strength and drift capacity were restored with the use FRP composites.
The next proposed phase of testing will incorporate accelerated curing epoxies using ultra-violet
lights—bringing cure times within minutes. In the past the highly desirable characteristics of
FRP composites such as high-strength, light-weight, and ease of installation with no “hot-work”
or heavy impact tools have been overshadowed by their relatively slow cure times. With the
epoxy cure time enhanced by magnitudes of order, FRP composites could be some of the best
suited emergency repair materials.

Presentation Slides



SESSION 4
EMERGING TECHNOLOGIES

108



SESSION 4
EMERGING TECHNOLOGIES

109



SESSION 4
EMERGING TECHNOLOGIES

110



SESSION 4
EMERGING TECHNOLOGIES

111

● ● ●

Thomas Attard
Dr. Thomas Attard received his Ph.D. from Arizona State University in 2003 from the
Department of Civil and Environmental Engineering. His research areas include structural
dynamics, earthquake engineering, computational simulations/software development, material
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mechanics, and advanced composites. His research covers both computational/analytical and
experimental areas, and he was also the director of a seismic testing facility for large-scale civil
structures. Dr. Attard designed and managed the Center for Earthquake Modeling and
Simulations for 3 years at California State University, Fresno, before accepting a position at The
University of Tennessee, Knoxville, starting in Fall 2009.

Dr. Attard was also the Chairman of the 10th Pan American Congress of Applied Mechanics
(PACAM X) in 2008 in Cancun, Mexico, and was also the North American chairman of
PACAM XI in Foz do Iguacu, Brazil.

Development of a New Lightweight ‘Rubberized-Carbon’ Composite for New or
Already-Damaged Structures
CarbonFlex is a new generation of advanced protection super-composite material developed to
mitigate structural and nonstructural damage by combining a high-strength/highly stiff material
with highly efficient energy dissipation and ductility.

The goal in developing CarbonFlex is to integrate viscoelastic behavior that transitions to a
purely sustainable elastomeric state via sustainable interfacial interaction between the composite
material and the underlying substrate that it protects.

The strategy for implementation involves ensuring interfacial bonding with the exterior
substrate. The outcome is a newly integrated ‘carbon-rubber’ product used to protect non-
structural and structural components in various structures, including wood-frame homes, and
reinforced concrete and steel structures, subjected to various dynamic loads, including blast and
seismi loads. CarbonFlex provides binding stiffness to new or already-damaged structures to
reduce displacement and provides ductility and energy dissipation in order to reduce
accelerations and subsequent non-structural damage. Preliminary tests of wrapped 2x4 wood
beams indicate that CarbonFlex increases displacement ductility and energy dissipation by 100%
compared to using carbon-fiber reinforced polymer (CFRP) wrapping alone. The interfacial bond
interactions between the CarbonFlex constituents, and also between CarbonFlex and the
substrate ensures continued strength and energy dissipation and protection. The interfacial
interaction is key for identifying transition zones such as strain hardening, stress-recovery, creep,
and stress relaxation under tensile, compression, bending, torsional, and axial-torsional loading.

CarbonFlex provides fire resistance and has viscoelastic and elastomeric properties providing
elongation of 480%. It alleviates problematic rigid-to-rigid compatibility issues between the
substrate and the CarbonFlex through stress-relaxation in the CarbonFlex composite that enables
adjacent unwrapped substrates to continue being loaded and not experience deterioration from
non-usage. The interfacial interaction that exists between the CarbonFlex and the substrate
enables protected wrapped substrates to be loaded. This includes protection of wood homes and
already-damaged reinforced concrete and steel structures, such as bridges and tunnels. The
strength and flex of the material are adjustable depending on the desired needs during
application. Environmentally, CarbonFlex has no out-gassing (while remaining compliant with
usage in food areas). It has zero volatile organic compounds; it is UV protected; and it remains
flexible at low temperatures. It is crack-resistant under high flex conditions and is serviceable at
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either low (-50ºC) or high (200ºC) temperatures while offering water/moisture resistance and
finally providing energy/insulation efficiency to homes with an R28 R-rating.
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Mila Kennett
Milagros Kennett is a senior program manager in the Infrastructure
and 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.

● ● ●

Eric Letvin
A biography of Mr. Letvin can be found on page 6.
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● ● ●

Mohammed Ettouney
A biography of Dr. Ettouney can be found on page 7.

● ● ●

Hollice Stone
A biography of Ms. Stone can be found on page 53.

● ● ●

Robert Hall
Dr. Robert Hall is currently a Principal Engineer with Engineering
Innovations, LLC. Dr. Hall had previously served as the Division Chief,
Geosciences and Structures, Engineering and Research Center, U.S. Army
Corps of Engineer (USACE), 2001-2009, (Retired from USACE after 38
years of service). He has conducted research in the following areas:
weapons and explosion phenomenology including airblast, fragmentation,
projectile penetration, ground shock, cratering, and ejecta; material
development and characterization, material modeling of composites,
concrete and geologic materials; theoretical and computational structural
mechanics and dynamics as it relates to response of conventional and
protective structures subjected to both conventional and non-conventional weapons effects.
Research in these focus areas produces technologies through the prediction of dynamic loads in a
complex blast environment (internal and external detonations, shielding effects from barriers and
building), pre- and post-failure structural response (including progressive structural collapse for a
wide variety of structural types), hazards to personnel from airblast and debris, and expedient
design/retrofit methods for increased survivability, including structural hardening. The
advancement of the use of high-performance computing to simulate blast loading and structural
response, the application of indigenous construction materials and lightweight advanced
composite materials, and the development of expedient survivability procedures are an integral
part of his research program. Expertise in structural dynamics has resulted in conducting research
in the area of seismic response of concrete dams and hydraulic structures. In 2007, was invited
by the Director of the “Autoridad del Canal de Panamá” (ACP) to Chair an Advisory Board to
formally provide technical advice on a wide spectrum of issues related to the analysis,
evaluation, and assessment of the seismic performance of the Canal’s hydraulic structures. Hall
received his PhD. from Oklahoma State University in 1985. He received his MSCE from
Mississippi State University in 1978 and his BSCE from Auburn University in 1971.

● ● ●
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Bob McKee
J. Robert (Bob) McKee is a former Fire Chief–Paramedic from Clark
County, Ohio. He was responsible for all administrative and
emergency operations. During his 17 years he was responsible for
countless incidents large and small. He was a Task Force Leader with
Ohio’s Urban Search and Rescue Team—Ohio Task Force One. Bob
also worked as the special project’s coordinator with his County
Emergency Management Agency and he was the point of contact to
Wright-Patterson Air Force Base in Dayton, where the Task Force was
based. He was an Exercise Evaluation Technician (EET) for the
Inspector General’s Office on base.

Currently Bob is Director of Emergency Response and Rescue for the Texas Engineering
Extension Service/US&R Division. He also serves as the Sponsoring Agency Chief for Texas
Task Force One Urban Search and Rescue responding within the State and nationally as
requested. Bob serves as a Point of Arrival/Mobilization Specialist for the Federal Emergency
Management Agency (FEMA) Incident Support Team (IST), a past member of both the FEMA
Logistics Working Group and the FEMA Training Working Group. Bob is a member of the IAB
(Interagency Board) serving on the ICIS sub-committee.

Throughout his career, Bob has been involved in hands-on and on-site training situations
addressing a variety of technical issues in emergency response and emergency response
planning. In conjunction with his interest in business, Bob’s practical experience with the
Incident Command System (ICS) has provided him an understanding of structure and
management. Bob is also certified on a variety of emergency response equipment. He is a
certified and nationally credentialed instructor in several areas of emergency response.

Bob has had several State and Federal deployments during his tenure—tornados, floods and
natural disasters as well as being deployed to the World Trade Center Collapse, Salt Lake City
Olympics, Shuttle Columbia Disaster and Hurricanes Katrina, Rita and Hurricane Ike.

● ● ●

Peter Keating
A bio of Mr. Keating can be found on page 60.

● ● ●

Jeffrey Bolich
Jeffrey Bolich is the Technology Manager for the TEEX US&R Response Technology Program,
which provides testing, assessment and analysis of emergency response equipment. Jeffrey
comes from the petro/chemical industry where he has over 10 years of safety, health, and
environment management and training experience. Additionally, he has 20 years experience in
the construction and mining industry.
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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: PROBLEM DEFINITION, PHYSICALITY, AND DECISION THRESHOLDS

Breakaway Session 1A: Physicality of Collapsing Buildings
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Discussion

What important parameters are needed to accurately simulate near-collapsed
buildings?
 Type of collapse pattern, type of construction

o Floor construction, major connection points, materials
o Basement/no basement
o Above ground/below ground
o Configuration of remaining active elements with significant mass drives potential

forces
 FEMA categorization of building types
 Measures of deformation (geometry) and capacity
 Building occupancy

o Machinery, different compartmentation
o Nonstructural components?
o Hazardous materials

What are the techniques to model falling debris? How simple should these
techniques be?
 There are not currently any analytic models
 Technique should determine if building is in dynamic or static mode
 As debris is removed, what are the effects on remaining structure (stored strain energy)
 Is the debris providing benefit to the stability of the structure?

o Arching (buttressing) action of debris
o Debris is now loading structural members in abnormal directions

 Debris may be a hindrance to operations
 The amount, weight, orientation, and location of debris
 Model debris patterns to inform what happens post-event
 Training stakeholders how to read debris accurately and to predict from existing models
 Impact loading effect

How important is it to model secondary collapses?
 Secondary collapses are the key determiner of risk
 Identify where the locations for potential for secondary collapses through prioritization
 Look at connection points (key indicators)
 Look at pre-cast concrete or masonry
 What is the composition of the building? History of building type.
 Look for mass
 Less catastrophic collapse for wood buildings
 Wood gives more warning
 Through analysis followed by testing, come up with what to look for (need for testing and

creating database)
 Advance WAI modeling to accommodate secondary collapses
 Continuous vs. simple supported beams
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How important are nonstructural components?
 Non-obvious incipient failures of façade elements are important
 Performance-Based Design project by DHS S&T IGD might help address nonstructural

components

Based on our discussion and your experience, specify input and results needed
for an analysis of a building attached by an IED?

Very simple analysis
(almost visual, or near instantaneous)

Simple analysis
(might require some input)

 Mass aspect
 Dimensions that go with supporting

elements
 Consequences of progressive collapse

or damage
 Patterns of failure (collapse)
 Monitoring movement (works when

ductile)
 For brittle – mitigation, establish a “hot

zone”
 For each building type, check list

(refinement of list)
 Haz 3, SOG Section 1 recon form
 Both specific and generic
 Visible deformation

 Correlate level of cracking
 Priority list
 Prioritize based on areas of safety

levels
 There is a recon form (SOG)
 Talk about fallout
 Victim potential
 Secondary collapse potential
 Zones of relative safety
 Adapt WAI studies (hi-resolution

analysis results after different IED
events)

 How? Expected debris pattern
 Identify safe access and egress paths

(E.E.R.R)

● ● ●
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Breakaway Session 1B: Thresholds and Risk Management
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Discussion

How can the level of risk be communicated (graphical, numerical, audible, etc.)?
 Start with picture catalog for visual assessment
 High, medium, low scale (rough quantitative) better than 1-10 scale
 Have to use judgment
 Improve consistency between Structural Specialist (StS) personnel judgments

On a percentage scale, what is an acceptable level of risk for warning? An
acceptable level of risk for danger? An acceptable level of risk for certain failure?
 Level of risk depends on material, failure mode – some materials are inherently higher-risk
 This needs to be coordinated with monitoring/sensing community

How extensive should a simple risk evaluation tool be for first responders? How
should such a tool be organized? Does it need to be on a PDA, iPAD, etc.? How
would the results of such a tool be communicated to the users?
 It is important to note that every building is different
 Should include building type, material, event/hazard type
 Evidence-based tool for future events for quick assessment?
 Simplify BIM for decision making
 Fire department has information on at-risk buildings on computer – can modify questions to

include IED
 Reach-back, Skype would provide more expertise

How extensive should a simple risk evaluation tool be for engineers/architects?
How should such a tool be organized? Does it need to be on a PDA, iPAD, etc.?
How would the results of such a tool be communicated to the users?
 BIM
 Develop for engineers who are not part of FEMA/USACE US&R
 These engineers should be on retainer/contract with the State so that there is an immediate

response from a local engineer using the same tools as FEMA/USACE
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Based on our discussion and your experience, describe important parameters
that should be included in a simple risk assessment tool for an IED-attacked
building.

Field tool for immediate first
responders

Tools for engineers/architects/
decision makers

1. Rugged card/FOG for quick access
2. Reach-back capability with experts
3. Rapid inspection checklist (with visuals

for comparison) with building &
damage information to go through the
thought process before entering

4. Case studies for background knowledge
5. Training on tool is important, use State

EMA as vehicle (awareness level as
part of collapse curriculum)

1. Web tool, more detailed background
information

2. Augment ATC 20 tool/training
3. Easy way to collect data and compare

to other events
4. Shoring and advanced materials

database for different situations
5. Database of progressive collapse

analysis models for varying situations
(columns removed in different parts of
building) in combination with engineer

6. Having qualified engineer is the most
valuable

7. Webinars

● ● ●
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DAY 2: EMERGING TECHNOLOGIES AND TESTING NEEDS

Breakaway Session 2A: Emerging Technologies
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Discussion

What important parameters need to be included in a BIM database to aid
decision-makers and first responders?
 Material type, framing system
 Window glazing (blast vs. standard), any special equipment
 Retrofit systems (not necessarily just for blast)
 Access stairs
 Fire protection system
 Auxiliary power system
 Whether design includes progressive collapse or blast provisions
 Egress routes
 Special uses in buildings (oxygen tanks)
 Mechanical systems
 Hazardous materials
 Overall building configuration (column grid, floor to floor heights)
 Primary gathering areas (lobbies)

What are the most promising shoring technologies (materials and systems)?
What are the attributes of such shoring materials and systems?
 Spray-on high tension/fast-setting coating, self-orienting
 FRP on wood (shoring system only?) – wood most common material
 Air bags (inside)
 Composite materials (availability and cost)
 Fasteners, pre-fabricated connectors
 Special tool to nail more nails at a time
 Plastic cribbing
 Assembly?
 Lightweight/adjustable
 Rapid deployment
 Overload warning systems
 Simple to install (fire-fighter simple)
 Availability and cost of material
 Strength
 Lateral vs. vertical shoring?
 Carbon ropes (stiffer)
 Self-healing materials (general stabilization)
 Strengthen connections (general stabilization)
 Polymer concrete
 Careful of heat generated polymer
 Health issues associated with advanced materials
 Manual/check lists for available technologies and systems
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How would shoring systems/materials vary with the type of building systems
(moment-resisting frames, flat slabs, shear walls, steel bracings, non-reinforced
masonry, etc.)?
 Combination of system and type of damage trying to mitigate (no “one fits all” solution)
 Different for base material (steel vs. reinforced concrete)
 Study the situation, construction material and design system based on that
 Pre-stress, post-tension systems, possibility that solutions may extend far beyond the

apparent location of damage

Based on our discussion and your experience, what are the most important
technologies that can help first responders immediately after the event and 24
hours after the event?

Immediately 24 Hours After

 Technologies that help locate hot
zones and victims

 Smart card – read on the way to the
event – include building information

 Robots
 Tools and processes for assessing the

damage
 Database of different failure and

damage scenarios
 Database of resources: what materials

and tools to use and where to get them
 Appropriate tools
 Handling of cache
 Battery life of tools

 Some technology to know where
victims/rescuers are at all times

 Determine how badly the concrete is
cracked or damaged

 Ability to determine secondary
collapse potential through scanning

 Tools and processes for assessing the
damage

 Pre-action plan/familiarization of the
building using smart card technology

 Robots (wireless? – need to improve
tech to access in heavy concrete)

 Multi-function materials that work as
sensor and repair

 Ultra high strength concrete
 Scanning technology
 Personal chips
 Acoustic scanning
 BIM – to get plans about building
 Older buildings might not have plans

and as-built condition

● ● ●
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Breakaway Session 2B: Testing Needs
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Discussion

What are some different tests that need to be performed on different shoring
systems?
 Portability, weight
 Lateral loading on vertical shore simulating aftershock
 Rakers on angled walls
 Anchoring/bracing raker system
 Impact testing
 Database of test results from all organizations

What are some different tests that need to be performed on shoring materials?
 Cutting through wrap materials; use regular tools but there are OSHA issues
 Disposal
 How to identify knots/flaws/fusing cues in wood if covered. See-through materials? Other

warning signs?
 Portability, weight

How important is it to test a near-collapse component and the shoring mitigation
measure? Is it adequate to simulate the near-collapse component by a simple
loading mechanism?
 Need loading in all 3 directions
 Shake table simulation (gussets)
 Tests need to be load controlled rather than displacement-based
 Add sensors to testing that is already in place

What scaled tests are applicable for validating shoring (mitigation) methods for
failing structures (or components)?
 Shoring tests are relatively low-cost once apparatus is set up, so scaling is not necessary
 User audience relates better to full scale
 Difficult to scale down wood material because of unique properties
 Where can we test?

o USACE Engineer Research and Development Center (ERDC)
o Accessible to firefighters for training incorporated with testing
o Establish rating standard for different systems?
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Based on our discussion and your experience, what are the most important tests
that need to be considered, both for shoring systems and shoring materials?

Shoring Systems Shoring Materials

 Testing should be load controlled
 Raker testing, especially anchoring
 Lateral load, angled floor/ceiling more

realistic
 Secondary blast on shoring
 Connections

 First need to set aside time and
resources to investigate state-of-the-art
products/systems to test
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Name Organization

R.B. Alley College Station TX Fire Department

Ahmed Al-Ostaz University of Mississippi, Civil Engineering

Clint Arnett TEEX US&R

Thomas Attard The University of Tennessee

Michael Barker University of Wyoming

Marlon Bazan Protection Engineering Consultants

Brian Beadnell Formerly CA-TF3 and Menlo Park Fire

J.D. Bolich TEEX US&R

Gerry Brown Catalyst Partners

Vince Chiarito U.S. Army Corps of Engineers

Ri-Chee Chou Exponent, Inc.

Kevin Claber UK Home Office

Tom Coleman DHS Transportation Security Laboratory

Fernando Cortez-Lira Analytical Research, LLC

Jim DuPont Illinois Mutual Aid System US&R

Mohammed Ettouney Weidlinger Associates

Chris Gallagher NYPD ESU (retired)

Mark Geraghty Fibrwarp Construction, Inc.

David Hammond US&R CA-TF3

Gwen Hall URS Corporation

Robert Hall Engineering Innovations, LLC

Matt Haupt URS Corporation

Bil Hawkins US&R CO-TF1

Peter Keating Texas A&M University

Mila Kennett DHS/S&T/IGD

Eric Letvin URS Corporation

K.C. Mahboub University of Kentucky

Shalva Marjanishvili Hinman Consulting Engineers

David Mascarenas Los Alamos National Lab

Steven McEvoy First Responder
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Name Organization

Bob McKee TEEX

Will McMahon U.S. Army Corps of Engineers – ERDC

Chris Mullen University of Mississippi

Robin Murphy Texas A&M University

Scott Nacheman Thornton Tomasetti

Lawrence Nelson Protection Engineering Consultants

John O’Connell Collapse Rescue Systems Inc.

Mike Piper US&R Colorado

Jon Rigolo Virginia Beach Fire Department

Don Roy LA County Fire Department

Lisa Scola PBS&J

Laura Seitz URS Corporation

Zachery Smith Fyfeco

Holly Stone Stone Security Engineering

Dean Tills Robert Silman Associates

Eric Williamson University of Texas, Austin


