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Feature

Advanced and High-Performance
Materials Program

By Mila Kennett, Program Manager, U.S. Department of Homeland Security,
Science and Technology Directorate, Infrastructure Protection and Disaster Management Divison

WHEN PIONEER JOSEPH GOODRICH
decided in 1844 to build his house in
Milton, Wisconsin, his quest for du-
rability and sturdiness seems to have
been motivated, among other things,
by a concern about the potential re-
peat of the local native warriors’ incen-
diary raids that had troubled the area
during the Black Hawk War of the pre-
vious decade. He used “poured grout”
(concrete) to erect the walls by adding
Portland cement, newly imported from
England, to a mixture of stone, grav-
el and water. The construction of Mil-
ton House not only marked the first use
of Portland cement in the United States
but also made history as the first con-
crete structure in the nation.

The development of new construc-
tion materials and technologies has al-
ways been driven by the need to protect
people from either the adverse effects
of natural forces or violent attacks by
their enemies. This was accomplished
by creating structures that were able
to provide safety from the extremes of
weather, floods, winds, fires or earth-
quakes, and be a secure haven from ag-
gression. Instances of this dynamic can
be found throughout history.

For example, following the Great
Chicago Fire of 1871, which practical-
ly destroyed one of the country’s main
economic and population centers, the
city initiated a massive reconstruction
program. In an effort to reduce the risk
of future similar disasters, local archi-
tects and builders introduced a pano-
ply of new materials and technologies,
as well as innovative uses of tradition-
al materials. The designers and builders
of the Home Insurance Company build-
ing introduced the principles of skele-
ton construction and were also the first
ever to use Bessemer steel rolled beams
instead of the wrought iron beams
commonly used at the time (Randall,

1999). The Kendall building, which was
constructed immediately following the
conflagration, is considered the ear-
liest fireproofed building in the Unit-
ed States because for the first time, the
builders protected the structural ele-
ments with terracotta tile, a material
still used today for this purpose.

Today, the natural hazards and securi-
ty threats to our nation’s building invento-
ry have multiplied, but so have the efforts
of researchers and practitioners who are
developing new high-performance con-
struction materials that can aid in reduc-
ing the variety of risks to buildings and
infrastructure. While advanced construc-
tion materials are being introduced at a
rapid rate, no effective national system
of identification, testing, monitoring or
coordination of these developments ex-
ists. The Department of Homeland Secu-
rity (DHS), whose overriding and urgent
mission is to lead the unified national ef-
fort to secure the country and prepare for
and respond to all hazards and disasters,
has a special interest in promoting the
development of advanced and high-per-
formance materials. Through the efforts
of its Science and Technology Directorate
(S&T), specifically the Infrastructure Pro-
tection and Disaster Management Divi-
sion (IDD), the Department is taking the
lead in this important undertaking that
will provide the means to preserve and
improve the existing infrastructure and
build new, more resilient facilities.

S&T/IDD PROGRAM WITH
NATIONAL INSTITUTE OF
BUILDING SCIENCES (NIBS)
DHS has entered into partnership
with the National Institute of Build-
ing Sciences (NIBS) to pursue a series of
goals oriented toward the development
and dissemination of the state-of-the-art
technology for improving homeland se-
curity. The partnership is known as the
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Advanced and High-Preformance Ma-
terials Program. Its main objective is to
mobilize the research and development
community and to bring together the de-
sign and engineering experts, building
and infrastructure owners and operators,
advanced materials researchers, technol-
ogy providers and first responders within
a forum located at NIBS. Other partici-
pants include federal agencies, universi-
ty research centers, national laboratories,
foreign governments, private research
centers and commercial research and de-
velopment organizations. The Program
will be organized and managed around
two activities overlapping but neverthe-
less complementing each other. Each
activity has a specific role in the organi-
zational structure of the Program.

BUILDINGS AND HIGH-
PERFORMANCE SOLUTIONS

DHS is currently making an enor-
mous effort to attend to the physicality
of the built environment. Until recent-
ly, the Department’s coordinated efforts
were oriented to protecting people and
infrastructure against the effects of ex-
plosives and chemical, biological and
radiological (CBR) agents. These efforts
were centered on seeking innovative
approaches in detection and promot-
ing the development of field equip-
ment, technologies and procedures to
interdict person-borne bombs, car and
truck bombs, and shoulder-fired mis-
siles before they can reach their targets.
Within this framework, the reduction
of risks from explosives and CBR haz-
ards relied heavily on electronic securi-
ty, security personnel, cameras and the
screening of personnel.

The Buildings and High-Performance
Solutions Component is designed to
provide an overall programmatic frame-
work for identification, exploration,
documentation and dissemination of



advancements and improvements to
the materials, systems and technologies
that provide the physical configuration
of the nation’s building inventory and
critical infrastructure in order to opti-
mize all major attributes including blast
protection, energy efficiency, sustain-
ability, safety, security, durability, pro-
ductivity, functionality and operational
maximization (FIGURE 1).

This effortis an integral part of the S&T
mission objective to establish and imple-
ment the concept of integrated or multi-
attribute design and research. It will drive
and coordinate the research and develop-
ment of advanced and high-performance
materials and systems and promote the
cross-fertilization of public, private and
international advanced materials re-
search. A high level National Technical
Committee has been identified to over-
see this project. The result of this multia-
gency project will provide DHS/S&T/IDD
the capability to review, understand and
promote the adoption of mitigation mea-
sures to improve the building stock and
critical infrastructure in the areas of blast
resistance, energy efficiency and environ-
mental sustainability.

The deteriorated state of the nation’s
built environment has led the research
community to look at the use of alter-
native materials of lower cost and light-
er weight, that contribute to enhanced
performance, reduced maintenance
and increased durability. The industry
and research institutions have devel-
oped a large variety of these new ad-
vanced materials. DHS and NIBS are
working together to develop a high-
performance building envelope mod-
el and other building components and
subcomponents. The project would be
charged with the integration, compila-
tion, harmonization and promotion of
uniform and consistent high-perfor-
mance building standards in the build-
ing industry to ensure acceptable and
appropriate levels of performance. An
institutional effort would monitor the
work of five expert committees (archi-
tectural, structural, mechanical, fenes-
tration, and risk and uncertainties) to
assure harmonization and to avoid the
creation of metrics that would cause
conflicts or duplications in the evalua-
tion and delivery processes.

ADVANCED MATERIALS
PROJECT

Research institutions, universities,
National Laboratories, and industry
have developed a large variety of ad-
vanced materials and intelligent sys-
tems in the last decade. However, these
efforts are not systematically followed-
up on, nor are they effectively shared
among the producers and end users of
these materials. Testing protocols vary,
leaving the construction industry with-
out appropriate guidelines. The Ad-
vanced Materials project is therefore
intended to foster and promote the

design and adoption of new innovative
and advanced systems that meet a range
of high-performance requirements, in-
cluding dramatically reduced energy
use and enhanced blast protection. A
secondary objective of this project is to
prepare a Basic Research Program that
would allow S&T/IDD to undertake the
most novel and state-of-the-art basic re-
search in the area of security and associ-
ated fields (FIGURE 2).

The Advanced Materials effort seeks
to set the research goals, priorities and
agenda for advanced materials devel-
opment. It can be considered as the

High-Performance Building
Procedures Basis
Optimization Integration Life Cycle
Attributes
Conmmyy Environment Safety Security
Durability Accessibility Cost-Benefit Productivity
Sustainability Functionality c:ﬂ:;:f;'i‘:'m Other?
Figure 1.
Advanced Advanced
Materials Systems
Higher
Lower Costs
Performance
Roles of Advanced Materials and
Systems in Improving Performance

Figure 2.

Winter2011 9 [



principal engine of the Program and
will serve to document, process and
organize the results of research activ-
ities and prepare them for dissemina-
tion through various outreach activities,
such as the Database Website Interface.
The application of advanced materials
and technologies will permit us to man-
age our infrastructure assets more ef-
fectively and dramatically reduce the
risks from adverse environmental con-
sequences or terrorist attacks. For this
program, two interrelated databas-
es have been developed: the Advanced
Materials Database (AMD) and the In-
novative Technologies and Systems
(ITS) database. The AMD has the pur-
pose to catalogue, document and ex-
change materials information among
industry and the research communi-
ty in an effort to promote the use of ad-
vanced materials for efficient and cost
effective retrofit. The ITS plays a crucial
role in helping to introduce and broad-
ly publicize a wide range of technolog-
ical advances that will fundamentally
change the way we manage buildings
and physical infrastructure.

The access to the databases’ infor-
mation by the general public will be
controlled by a tiered security system,
in order to protect classified as well
as proprietary information. By bring-
ing together organizations with a stake
in infrastructure protection and inno-
vative technologies, this Program will
help facilitate development, wider use
and integration of advanced and high-
performance materials and innovative
technologies in the design, construction
and protection of critical infrastructure.

The overall leadership for this com-
ponent will be provided by the Ad-
vanced Materials Council (AMC),
composed of representatives from fed-
eral agencies such as the Department
of Homeland Security, Department of
Energy, the Environmental Protection
Agency, the Department of Defense, the
National Science Foundation, and the
National Institute of Science and Tech-
nology, to name but a few. Other mem-
bers will include representatives from
National Laboratories, such as the U.S.
Army’s Engineer Research and Devel-
opment Center, Lawrence Livermore
National Laboratory, and Lawrence

Berkeley National Laboratory; Universi-
ty Research Centers; industry; and for-
eign governments. The AMC will set the
overall Program agenda and provide
guidance for advance materials tech-
nology transfer. It will appoint and or-
ganize working committees to guide the
design of the database taxonomy, its ap-
plication and usage, and develop other
aspects of Program outreach.

LOOKING AHEAD

The need to improve the state of the
nation’s critical infrastructure and to
provide adequate and effective protec-
tion against hazards and threats is great
indeed. New high-performance materi-
als and systems can play a very signif-
icant role in accomplishing this task.
Today, advanced and high-performance
materials can be employed to provide
infrastructure protection against mul-
tiple threats and simultaneously satisfy
other needs such as energy conserva-
tion, low environmental impact, or cost-
effectiveness. For example, reinforcing
an existing or newly built masonry
structure with sensor-embedded tex-
tiles and nano-particle-based mortars
provides increased strength and ductil-
ity against earthquakes, improved frag-
mentation properties against blast and
in-service data capability for conducting
structural health monitoring, lifecycle
management performance prediction
and incident emergency assessment for
first responders (Messervey et al., 2009).

Although new materials and technol-
ogies such as these are being developed
at an ever-increasing rate, the pace of
their adoption and utilization is lagging.
One of the greatest challenges today
is how to communicate and promote
the adoption of new advanced materi-
als and technologies. The private sector
and public agencies must have the right
tools, guidelines and information to fa-
cilitate adoption and utilization. There-
fore, itis necessary to stress that effective
innovative technology transfer is as im-
portant as innovative research and
development of advanced materials. In-
novations in high-performance materi-
als and construction technologies must
be tested, demonstrated, document-
ed, discussed and applied repeatedly, if
they are to penetrate industry practice
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and produce the expected results. Ade-
quate information and communication
flows are critical for achieving technolo-
gy transfer goals.

Widespread utilization of new tech-
nologies and high-performance mate-
rials will lead to renewal and rebuilding
of physical infrastructure across the
nation. Demonstration projects will
show the benefits of advanced materi-
als and make the case for their applica-
tion throughout the United States, thus
incorporating high-performance con-
struction materials and systems into
the mainstream practice. Design and
construction standards will be perfor-
mance-based rather than prescriptive
and will reflect a new era of technolog-
ical innovation and asset management,
thereby advancing the state of critical
infrastructure. [ ]

Mila Kennett received a degree in ar-
chitecture and urban design from the
Universidad Autondma de Santo Do-
mingo and a Master of Arts degree in in-
ternational development with a major
in urban economics from American Uni-
versity in Washington, D.C. She has more
than 15 years of experience on projects
in Latin America, Asia, the Middle East,
Europe, and the United States. Kennett's
main focus has been on natural disaster
mitigation; building security; risk assess-
ments; planning and implementation of
development programs; and manage-
ment of pilot programs with national
and local governments and non-govern-
mental organizations.
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