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BFRL AT A GLANCE

BFRL MISSION

Meet the measurement and standards needs

of the building and fire safety communities.

BFRL VISION

The source of critical tools — metrics, models,
and knowledge — used to modernize the
building and fire safety communities. Our
programs are identified, developed, carried
out, the results implemented, and conse-
quences measured in partnership with key

customer organizations.

BFRL GOALS

The building and fire communities (builders,
suppliers, owners and fire safety professionals)
strive to increase productivity, construct bet-
ter buildings, faster, at lower cost, own build-
ings that are fire safe, less costly to operate,
and have less impact on the environment. To
meet the needs of these communities BFRL is

focusing on four goals.

= High Performance Construction

Materials and Systems: to enable scientific
and technology-based innovation to modern-
ize and enhance the performance of construc-

tion materials and systems.

= Enhanced Building Performance: to
provide the means to assure buildings work
(better) throughout their useful lives. The
strategy for meeting this goal is to provide
knowledge, measurements and tools to opti-

mize building life cycle performance.

a&ﬁ’-‘.‘

= Fire Loss Reduction: to enable engineered

fire safety for people, products, and facilities;

and enhance fire fighter effectiveness.

= Homeland Security: to develop and
implement the standards, technology, and
practices needed for cost-effective improve-
ments to the safety and security of buildings
and building occupants, including evacua-
tion, emergency response procedures, and

threat mitigation.

BFRL RESOURCES
= 155 full time staff (126 professional)

with expertise in measurement, material and
system performance, mathematical modeling,

non-destructive testing, and diagnostics
= $44 million annual budget

= Unique facilities including:

Integrating Sphere UV exposure chamber
Electron microscope

Tri-directional test facility

One million pound testing machine
Solar tracker

Large scale fire test facility

Environmental chambers

BFRL WEB SITE

www. byl nist.gov






DIRECTOR’S MESSAGE

his is the biennial report for

2002-2003 for the Building and
Fire Research Laboratory (BFRL) at
the National Institute of Standards

and Technology (NIST), an agency
of the U.S. Department of Commerce.
It describes the goals, programs, recent
accomplishments, and recognitions
for our staff over these two years.
BFRL and its predecessor organiza-
tions at NIST (National Bureau of
Standards (NBS) before 1988) have a
rich history in the building and fire
communities dating back 100 years.
On February 7, 1904, a fire broke out
in the basement of the John E. Hurst
and Company in Baltimore, Maryland.
Fire services responded from
Washington, Philadelphia, and New
York; however, each city had its own
unique threads for their fire hoses and
they could not connect to Baltimore’s
hydrant system. Those fire services were
forced to watch as the fire progressed.

Before it was over, the fire had burned

for more than 30 hours and destroyed
approximately 2,500 buildings in an
80-block area. As a result, NBS began
a study of fire hose couplings and over
600 couplings were collected and
analyzed from across the country.
Based on this research, the National
Fire Protection Association (NFPA)
adopted a standard hose coupling and

an interchangeable coupling device for

non-standard hoses as a national model.

That document continues today as
NFPA 1963, Standard for Fire Hose
Connections.

The past 100 years are filled with
numerous other such cases where NIST
rallied to address problems critical to
the nation and the building and fire
communities. Today the overwhelming
issue facing us all is the security of our
physical infrastructure, our buildings
and structures, to terrorists’ attacks.

Following the attacks on the United
States on September 11, 2001, the U.S.
Congress authorized NIST to conduct
a two-year investigation to determine
the technical reasons for the collapse of
the World Trade Center buildings and
look at other technical issues related
to fire protection, occupant behavior,
evacuation, and emergency response.
As a result, BFRL has established a new
goal for our Laboratory on Homeland
Security. It is described, beginning on
page 46, along with the progress of the
World Trade Center investigation and
an associated research program that have

been under way for slightly over a year.

On October 1, 2002, the President
signed into law the National
Construction Safety Team Act that
authorizes NIST to form a team that
can investigate building failures where
there has been a substantial loss of life
or where there is the potential for a
substantial loss of life. The Congress
envisions investigations and follow-on
recommendations similar to what is
done by the National Transportation
Safety Board following major trans-
portation accidents. This is an awesome
responsibility. BFRL staff members are
working hard now to develop the pro-
cedures, train and equip our staff, and
prepare the organization to fulfill this
responsibility.

BEFRL is involved in an amazing
breadth of scientific, engineering, and
now investigative work for the building
and fire communities. The size of our
staff and budget is modest. The time
has long passed when any single organi-
zation like ours can act alone and
expect to make a major impact on the
numerous issues facing the building
and fire communities and the industries
involved. We must build an extensive
network and work together to tackle
these issues. This will greatly enhance
all our chances for success. I encourage
you to contact us to discuss collabora-
tions in the many endeavors described

in this report.



To enable

scientific and

technology-based

innovation to
modernize and

enhance the

performance

of construction
materials and

systems.

The strategy to meet this goal includes the development of world-class science-based

tools — measurements, data, models, protocols, and reference standards — ro

= fully integrate and automate the construction process to achieve significant cycle

time reductions;

= predict and optimize the performance and minimize the environmental impact of

concrete in the built environment;

= predict the service life of high performance polymeric infrastructure materials; and

= enhance the safety and performance of structures under extreme loads.

The desired outcomes are to enhance global competitiveness of U.S. industry and the

safety and sustainability of the Nation’s buildings and physical infrastructure.

Service Life Prediction (SLP)
of Polymeric Materials

The obijective of the SLP program is to develop,
validate, and implement an advanced reliability-
based methodology and associated metrologies for
predicting the service life of polymeric materials
exposed in their intended operating environment.
This research is being conducted in partnership with
industry, other BFRL divisions, NIST laboratories, and
Federal agencies along with universities and foreign

research institutes.

Intended Outcome and Background

The intended outcome of this research is to develop,
implement, and gain worldwide acceptance of a
reliability-based methodology for predicting the
service life of polymeric materials exposed in their
intended service environment. The reliability-based
methodology differs from the current methodology

mainly in its designation of the standard of

performance against which laboratory or field
exposure data are compared. The reliability SLP
methodology uses laboratory-based exposure results
as the standard of performance while the current
methodology’s uses field exposure results. Since

field exposure results are neither repeatable nor
reproducible, this seemingly subtle change has
transformed the SLP problem from a mathematically
and scientifically intractable problem to one that is
scientifically tractable.

Introduction and implementation of the reliability-
based methodology into industrial practice is being
achieved through the activities of a number of on-
going and proposed industry/government/university
consortia. The three on-going consortia are the
Coatings Service Life Prediction Consortium, the
Sealants Service Life Prediction Consortium, and the
Polymeric Interphase Consortium. Industry is requesting
that BFRL consider establishing industry/government
consortia to investigate the photocatalytic reactivity
of pigments and the optical properties of polymeric

materials. Current industrial sponsors include Atlas
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Material Testing Technology, LLC,
Atofina Chemicals, DAP, DeGussa, Dow
Chemical, Dow Corning, Kaneka, MTS,
PPG, Sika, Solvay, Sherwin Williams,
Tremco, Visteon, and Wacker. Federal
Agency sponsors include the HUD-PATH
Program, Air Force Research
Laboratory Material and Engineering
Directorate, Smithsonian Environmental
Research Center, USDA Forest Service
Forest Products Laboratory, USDA UV-B
Program, and the Federal Highway
Administration.

Objectives of these consortia include
1) greatly minimizing or eliminating the
contributions from experimental errors
to the total variation in the degradation
response of polymeric materials,

2) linking field and laboratory expo-
sure results, and 3) gaining a funda-
mental scientific understanding of the
degradation failure mechanism and the
contribution that each constituent or
combination of constituents plays in the
service life of the bulk polymer.

Efforts in FYO3 have been aimed at
completing the first objective and con-
tinuing efforts on objectives 2 and 3.
The inability to generate reproducible
and repeatable exposure laboratory
results, objective 1, has been long rec-
ognized by industry as a weakness in
current field and laboratory exposure
data. A NIST patented weathering
device, the SPHERE, has demonstrated
capability to minimize or eliminate the
variation contribution from all known
experimental error sources and, as

such, is capable of generating both

ACCOMPILISHMENTS

repeatable and reproducible laboratory
exposure results. Extensive efforts have
also been made to characterize field
weather variables in the same manner
that they are characterized in the labo-
ratory. Eight field exposure sites have
been instrumented with a solar spectral
radiometer and a weather station and
the collected data can be mathematical-
ly transformed to weathering variables
used in characterizing the exposure
environment in the laboratory.

Efforts to link field and laboratory
exposure data have greatly intensified
over the last year. NIST’s efforts in
making this linkage have gained the
interest of industry and have spawned
requests from industry to initiate two
new consortia—optical properties of
polymeric materials and photocatalytic
effects of pigments. Linkage between
field and laboratory experiments must
be and has been achieved at several
physical and chemical scales of degra-
dation (e.g., nanoscale damage,
macroscale physical damage, chemical
changes) in both the field and the labo-
ratory. Parallel to these measurement
linkages, an extensive effort has been
initiated to derive and verify scientific
models for mathematically linking these
field and laboratory results. In addition,
we are in the process of verifying that
total spectral dosage can be used as a
common exposure metric for quantify-
ing and comparing the severity of field
and laboratory exposure environments.
Once a linkage between field and
laboratory exposure results has been

& R E C O G N I T 1 O N S

achieved, then it should be possible to
design experiments in which the contri-
bution of individual constituents of a
polymeric material can be ascertained
relative to the service life performance

of the polymeric system.

ACCOMPLISHMENTS

Reliability Approach to
Prediction of the Service Life
of Polymeric Construction
Materials

Starting in the 1980’s, the mass and
volume consumption of polymeric
materials exceeded that of all other
materials and this dominance is forecast
to continue into the 21st century. The
major deterrent to the continued
growth, application, and acceptance of
these materials is the inability to quan-
titatively and accurately predict the
service lives when they are exposed in
their intended service environment.
The objective of this multi-agency,
NIST-lead industrial consortia research
program is to implement a reliability-
based methodology to link laboratory
and field exposure results and to quan-
titatively predict the expected weather-
ing service life of an organic coating
when it is exposed in its intended oper-
ating and service environment. In this
methodology, laboratory experiments
are experimentally designed to cover the
range of exposure conditions that a

material will be subjected to in-service.



Field exposure experiments, on the
other hand, are viewed as just another
laboratory exposure experiment albeit
ones in which individual weathering
factors can’t be controlled, but they can
be monitored and characterized in the
same manner as they are in the field
(that is, field and laboratory experi-
ments can be compared). A key differ-
ence in a reliability-based methodology,
relative to the current methodology
used for estimating the service life of
polymeric materials, is that all measure-
ments are quantitative and of known
precision and accuracy and that, as
much as possible, the same measure-
ments are applied in both the field and
the laboratory. These degradation meas-
urements span the range from nano-

to macroscale chemical and nano- to
macroscale physical degradation meas-

urements and all measurements are

related to an exposure metric delineating

HIGH PERFORMANCE CONSTRUCTION MATERIALS AND SYSTEMS
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Nanoscale localized pitting observed in a polymeric coating exposed to ultraviolet radiation at elevated temperature

and humidity. Pits grow both in depth and diameter with exposure time (left hand side). On right hand side, a 3-D

atomic force nanoscale image of pits is displayed.

the severity of an exposure environment.
To date, linkages have been established
among chemical and physical, nanoscale
to macroscale measurements and total
effective dosage, the selected exposure
metric. Presently, extensive efforts are
being made to mathematically link lab-
oratory and field exposure results. One
key requirement for linking field and
laboratory results, that the same degra-
dation chemistry be observed in both
the field and laboratory, has been met
for the study material. Other require-
ments include our ability to account for
changes in spectral ultraviolet intensity
and spectral distribution. Model mate-
rials have been exposed to either poly-
chromatic or spectral radiation over the
range from one to 22 suns of ultraviolet
radiation. For all three polymers, the
reciprocity law was obeyed. In addition
to this fundamental research, extensive
efforts have been made to speed up
analytical measurements through the
implementation of high-throughput

analysis techniques and the establishment

Dr. Joannie Chin and Dr. Jonathan Martin
obtain patent for integrating sphere
weathering device—patent number
6,626,052 B1 issued September 30, 2003

of an informatics system to analyze,
store, share, interpret and reanalyze the

collected data.

CONTACTS:
DR. JONATHAN W. MARTIN

jonathan.martin@nist.gov

DR. TINH NGUYEN

tinh.nguyen@nist.gov

DR. JOANNIE CHIN

joannie.chin@nist.gov

DR. XIAOHONG GU

xiaohong.gu@nist.gov

MATERIALS AND CONSTRUCTION
RESEARCH DIVISION
(301)-975-6707

Sealants Service Life
Prediction Exposure
Consortium

odern building design increas-

ingly relies on building joint
sealants to provide waterproofing and
moisture barrier protection. Although
building joint sealants represent a small
percentage of initial construction costs,
the failure of sealants represents a very
large fraction of the maintenance and
repair costs of constructed facilities.

Furthermore, the failure of building
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joint sealant is often only detected after
substantial water damage to a structure
has already occurred making repair
costs much higher than they need to
be. Water intrusion is cited as the num-
ber one complaint for homeowners.

Despite the importance of joint
sealants in the building envelope, infor-
mation from the current methods for
assessing durability and thus the ability
to predict when the failures of sealants
might occur do not yield accurate or
precise estimates. Without the means
to determine the in-service performance,
most building joint sealant is selected
on the basis of lowest first cost.

The first steps in developing new
methods to predict the in-service

performance of sealant requires

State of the art field exposure apparatus for naturally
d on BFRL’s roof.

Numerous physical and environmental variables are

stressing I les is p

being monitored on a continuous basis. Physical prop-
erties include stress and strain within the sealant while
environmental variables include sealant temperature

and moisture content.

AACCOMPILISHMENTS

knowledge of the relative importance
of each of the primary weathering
factors on the durability of the sealant.
Currently progressing research studies
will determine the relative importance
of temperature, humidity, ultraviolet
radiation and mechanical loading on a
wide range of sealant formulations. In
conjunction with two monitored out-
door exposure sites, this data will form
the foundation of new methods to
assess the service life of building joint
sealants. This NIST-lead industrial
consortium includes ten major sealant
companies plus three other federal
agencies and has been operational since
October of 2001.

CONTACT:
DR. CHRISTOPHER WHITE
MATERIALS AND CONSTRUCTION
RESEARCH DIVISION
(301)-975-6016

b I B .
go'
chr P v

Dr. Christopher White is shown working on custom

designed, state-of-the-art, laboratory, sealant testing
chambers attached to NIST’s SPHERE. Temperature,
humidity, ultraviolet and mechanical load can be
independently controlled for eight ASTM C719

sealant specimens.
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Field Analysis of Lead
in Paint and Dust

nalytical methods for extraction
and analysis of lead in paint and

dust sampled in houses and related
buildings are not readily field-portable.
A need exists for a field test method for
use when important decisions regarding
risks associated with the presence of
lead in the structure must be made on
site. Field-portable ultrasonic extrac-
tion-anodic stripping voltammetry
(UE/ASV) has been considered an
attractive on-site analytical methodolo-
gy for measuring the amount of lead in
a variety of environmental media
including paint and dust. At present,
UE/ASV is not used in federal pro-
grams dealing with lead hazard manage-
ment in housing. One restriction to
adopting UE/ASV is that the effect of
the operator (i.e., analyst) on the relia-
bility of the analysis has not been deter-
mined. Specifically, laboratory techni-
cians or chemists have conducted the
measurements made in previous studies
evaluating UE/ASV. Potential users of
UE/ASV in practice may be certified
lead-based paint inspectors, risk asses-
sors, or others, whose skill in conduct-
ing chemical analyses may arguably be
less than that of laboratory technicians
or chemists. To fill this significant gap
in UE/ASV technology, studies have



Dr. Walter J. Rossi ling a resid

ial house for

lead in paint.

been conducted to evaluate the reliability
of UE/ASV for quantitatively determin-
ing the amount of lead in laboratory-
prepared and field-sampled paint and
dust specimens using certified lead
inspectors or risk assessors trained to
conduct UE/ASV testing. In addition
to the operator, other factors examined
have included, in the case of paint sam-
ples, the paint lead level, lead pigment
type, paint-film substrate, particle size
of the paint specimen, and sonication
temperature and time. In the case of
dust samples, the factors investigated
have included: the wipe used to sample
the dust, the source of the dust, and the
lead level in the dust. The results of the
paint studies support that UE/ASV is
suitable for lead analysis of paint films
provided that the particle size of the
paint specimens is sufficiently small, or
that sonication temperature and time
are sufficiently high and long. All three
of these factors are controllable in the
field. For the dust studies, which are
continuing, initial findings are that the
wipe, the dust source, and the lead level

affect lead recovery.

CONTACT:

DR. WALTER ROSSITER
MATERIALS AND CONSTRUCTION
RESEARCH DIVISION
301-975-6719

walter.rossiter@nist.gov
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Chemical Nanoprobe
Microscopy

hemical measurement at the

nanoscale spatial resolution has
immense potential as a materials
characterization tool for current and
developing nanotechnologies. However,
techniques used to achieve nanoscale
chemical measurement are still in the
early stages of development, with van-
guard efforts being made in only a few
laboratories worldwide. This Advanced
Technology Program-Intramural funded
project, led by Dr. Tinh Nguyen, is
a collaborative effort among BFRL,
the Materials Science and Engineering
Laboratory, and the Physics Laboratory.
The goal of this project is to develop and
implement a method for characterizing
the chemical properties of materials with
nanoscale (or, possibly, sub-nanoscale)
spatial resolution. Project objectives
include three challenging research areas:
1) fabrication and characterization
of chemically functionalized AFM
conventional tips and carbon nanotubes
for nanoscale chemical measurement,
2) fabrication and characterization
of chemically heterogeneous reference
samples that can be used for demonstra-
tion/calibration of the technique(s), and
3) chemical characterization of materials
at a nanoscale spatial resolution. By
controlling the relative humidity at the
tip-sample interface (Figure 1), results
obtained in the past two years have
demonstrated that, for a variety of

samples, nanoscale spatial resolution of

Figure 1: AFM humidity-controlled chamber.
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Figure 2: Enhanced chemical contrast of chemically
heterogeneous ultrathin film with elevated relative
humidity (bright stripes: hydrophilic region; dark areas:
hydrophobic matrix).

40% RH
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Figure 3: Enhanced chemical contrast of chemically

1 relative humidity

heterog polymer with el

(dark areas: hydrophilic poly(ethylene oxide), bright
areas: hydrophobic polystyrene).



hydrophilic/hydrophobic heterogeneity
of model self-assembled monolayers
(Figure 2) can be imaged and the
heterogeneity within a polymer can be

mapped (Figure 3).

CONTACTS:
DR. TINH NGUYEN

tinh.nguyen@nist.gov

DR. XIAOHONG GU

xiaohong.gu@nist.gov

MATERIALS AND CONSTRUCTION
RESEARCH DIVISION
(301) 975-6707

Characterization of
Polymeric Materials Surfaces

his research falls under the aus-

pices of a government-industry
consortium Polymeric Interphase
Consortium, which is a joint effort
between BFRL and the Chemical
Science and Technology Laboratory and
led by Dr. Tinh Nguyen. The goal of
this project, led by Dr. Peter Votruba-
Drzal, is to develop measurement tech-

niques for evaluating dynamic and static

surface micro- and nano-mechanical

| &
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properties of polymeric materials.
Nano-indenter parameters studied
include loading rate, loading time, and
nano-indenter geometry. In collabora-
tion with Dr. Li-Piin Sung and the
capabilities of her newly completed
optical characterization facility, efforts
are being made to assess the impact of
surface deformation on surface reflec-
tion and optical scattering from poly-
meric coatings and plastics. Results
have shown the feasibility of nano/micro
mechanical property measurements on
polymeric materials using depth-sensing
indentation of a nano-indentor; they
have also shown, for the first time, that
a clear relationship exists between mate-
rial microstructure and light scattering
from a scratched surface. It is expected
that this project will lead to the devel-
opment of a universal mar/scratch test
and the establishment of relationships
among mar resistance, appearance, and

service life for polymeric materials.

CONTACT:
DR. PETER L. VOTRUBA-DRZAL
MATERIALS AND CONSTRUCTION
RESEARCH DIVISION

(301) 975-8701

peter.votruba-drzal@nist.gov

Mr. TsunYen Wu, a student,
uses the nanoindenter to
characterize the surface
mechanical properties of

polymeric materials.
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Structure and Dispersion
Measurements of Polymeric
Building Materials

he objective of this project, led by

Dr. Li-Piin Sung, is to develop a
non-destructive, efficient method for
characterizing pigment dispersion and
coating structure distribution on micro-
and nano-scales in cured and uncured
pigmented polymeric building materials
using scattering techniques. We have
developed methodologies for quantita-
tive assessment of pigment dispersion
using small angle neutron scattering
(SANS) beams in the National Center
for Neutron Research’s cold neutron
facility. To develop a more practical and
non-destructive method for characteriz-
ing the dispersion of pigments in uncured
and cured polymeric materials, a state-
of-the-art light scattering materials
characterization laboratory was estab-
lished. The laboratory is equipped with
two types of light scattering instruments,
that are custom designed to accommo-
date both liquid or solid, pigmented or
unpigmented materials, and to allow
for a flexible array of experiments
aimed at studying the relationship
among chemical, physical and optical
performance properties (e.g. color,
gloss, surface roughness, mechanical
and physical properties). These parame-
ters are key in gaining a fundamental
understanding of the interaction

between light and materials, and for
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advancing metrologies for characteriz-

ing nanoscale structural and optical
properties of polymeric materials and
how these properties change over time.
Other related research topics and proj-
ects using this light scattering materials
characterization laboratory include:

(1) relating physical and mechanical
properties (viscoelastic behavior, scratch
damage) to the appearance of a poly-
meric material, (2) developing a

methodology and metrologies for

Small angle neutron scattering (SANS) results of

two different dispersion states of nano-TiO2 parti-

d

: I
cles in a poly p g

ing and the corr
laser scanning confocal microscopy micrographs
demonstrating agglomerates of nanoparticles in

each state.

Mr. Joan Jasmin adjusting the
two-dimensional detector of the

new custom-designed light scattering
instrument for measuring the optical
properties and microstructure of a

polymeric coating.

Ms. Jenny Faucheu using a
multiple-angle light scattering
instrument to characterize
particle size and dispersion
of nanoparticles in a polymer

suspension.

linking nanoscale and microscale physi-
cal and chemical changes resulting from
photodegradation to materials appear-
ance, and (3) creating metrologies for
quantifying the dispersion of particles

in a polymeric system.

CONTACT:

DR. LI-PIIN SUNG

MATERIALS AND CONSTRUCTION
RESEARCH DIVISION

(301) 975-6737

li-piin.sung.nist.gov

Photoreactivity of
Semiconductor Nanoparticles

n the service life prediction of poly-

mers, a need exists to understand the
role of pigments and fillers in polymer
degradation. Pigments are metal oxides
exhibiting semiconductor behavior
when they are photoactivated. Of the
pigments, titanium dioxide nanoparticles
in the size range from 30 nm — 300 nm
are the most common whitening agent
used in coatings and plastics. This pig-
ment readily absorbs and is photoacti-
vated by ultraviolet radiation. Industrial
methods currently utilized to measure
photoreactivity are semi-quantitative
and are often performance-based, pro-
viding little fundamental or mechanistic
insight. A need exists for a fast, quanti-
tative, reliable, and scientifically based
metrology for in-line measurement of
the photoreactivity of pigments.

Research efforts in the Polymeric
Materials Group are focused on devel-
oping methodologies and metrologies
for understanding the fundamental
mechanisms that govern photoreactivity
and the subsequent service life perform-
ance of titanium dioxide and other
semiconductor materials used as pig-
ments and fillers in polymeric construc-
tion materials. In these applications,
zero or low photoreactivity is desired
when the appearance of a product is
important while high photoreactivity
is important in homeland security or
healthcare applications in which

microbes and other harmful compounds
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need to be destroyed. BFRL has devel-
oped several metrologies for assessing
photoreactivity including photoconduc-
tivity measurements and electron para-
magnetic resonance (EPR) spectroscopy.
Collaborative efforts have also been
established with the Physics Laboratory
(PL) and the Chemical Science and
Technology Laboratory (CSTL) at NIST.

These laboratories have complimentary

TEM micrograph of ticle tif

[image courtesy of Shirley Turner, CSTL]

/2

quartz  gold

contacts

inset shows photoconductance data for a variety

metrological capabilities for characteriz-
ing the properties and behavior of semi-
conductor nanoparticles like titanium
dioxide. Measurements being made
include the chemical nature, number
density and mobility of the activated
species produced in a photoreactive
process. Models will be derived that
relate these parameters to material
physico-chemical properties, thereby
improving our understanding of the

semiconductor photoreactivity.

CONTACTS:

DR. JOANNIE CHIN
(301) 975-6815

joannie.chin@nist.gov

MS. STEPHANIE SCIERKA
(301) 975- 6448

hanie ok

gov

S HMENTS
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HYPERCON: Prediction
and Optimization of
Concrete Performance

Infended Outcome and Background

The rise of finite element modeling tech-
niques revolutionized structural design,
so that today no one would dream of
designing a major building without the
use of these programs, which are
soundly based in continuum mechanics.
The obijective of the HYPERCON pro-
gram is to develop and implement simi-
lar tools for concrete, computational
and experimental materials science-
based techniques that will enable the
prediction and optimization of the ini-
tial cost and service life performance
and minimize the environmental impact
of concrete in the built infrastructure.

As of 2003, the concrete industry is
in a period of rapid change - rapid
positive change that needs these kinds
of performance prediction tools in order
to reach a successful end point. Two
examples illustrate the current industrial
climate, which in turn demonstrate the
need for HYPERCON research on more
accurate and reliable ways to predict
concrete properties.

The National Ready Mixed Concrete
Association (NRMCA), which represents
most of the ready mixed concrete
producers in the U.S., has announced
a sweeping new initiative — P2P. P2P
stands for “Prescription to Performance”
and indicates the desire of the NRMCA
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to change all concrete specifications
from a prescriptive form, which does
not allow innovation and proprietary
formulation, to a performance form,
which will drive innovation and
research for proprietary advantage
in the marketplace. This initiative will
make an enormous change in the
industry. The Strategic Development
Council of the American Concrete
Institute (ACI), an organization of

top executives from all parts of the
$100B/year concrete industry, has
published Roadmap 2030, a 30-year
research roadmap that is designed
to achieve momentous goals and
drastically change the cement and
concrete industry. One of these goals
is: The concrete industry will reduce
the time required for the acceptance
of new technology from fifteen to two
years. The SDC Accelerated Technology
Acceptance program has recently
begun to make progress toward

this goal.

HYPERCON research is designed,
working closely with industry, to help
the cement and concrete industry trans-
form itself into a performance-based
entity using the tools of computational
and experimental materials science.
This task requires not only cutting-edge
research but also high quality knowl-
edge transfer, so that research becomes
embedded in practice at an accelerated
rate. HYPERCON personnel carry out

this dual task by working directly

with industry in joint projects like the
Virtual Cement and Concrete Testing
Laboratory consortium, and by taking
leadership roles in various standards
committees of importance to the cement
and concrete industry. These leadership
roles include chair of the American
Society of Testing Materials (ASTM) C-9
Concrete committee, task group leader
for cement characterization and strate-
gic planning in the ASTM C-1 Cement
committee, membership in the ACI
Board of Directors, and chair of the
ACI 226 Materials Science of Concrete
committee.

Performing world-leading concrete
materials science in collaboration with
industry, and transferring that research
into practice, is how HYPERCON is
delivering value to the cement and con-
crete industry. The intended outcome
of the HYPERCON program is that, by
2010, industry adoption of HYPERCON
research will be such that nobody will
dream of designing a concrete mixture
for a major construction project without
using HYPERCON materials science-

based tools.

ACCOMPLISHMENTS

The Virtual Cement and

Concrete Testing Laboratory
(VCCTL)

his project is intended to develop,

in close collaboration with indus-
try, a computational materials science
software package designed to reduce
the reliance of the concrete industry
on empirical tests, replacing them with
well-validated, scientifically based mod-
els that operate on extensive scientific
databases. Current industrial partners,
who contribute both financial and
research resources to the joint project,
include: W.R. Grace, Holcim, Cemex,
SIKA, Portland Cement Association,
International Center for Aggregate
Research, Dyckerhoff Cement, VDZ,
and ATILH. Research goals for each
year are jointly formulated. Successful
research is then incorporated into a new
version of the VCCTL package at the
close of each year. The consortium
started in January 2001 with VCCTL
1.0, and ended Phase I in December
2003 with VCCTL 4.0. VCCTL 4.0
is already being used by some of the
industrial members to help them in
their research and development and
quality control work.

Many accomplishments have been
made as the third year of Phase I of this
project ends. Much greater functionali-
ty has been incorporated into the mod-

els, including more accurate modeling
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Left - the current VCCTL 4.0 interface, offering databases, cement hydration, and concrete property computations.

Right - a sample of a cement microstructure, before hydration, from the current version of CEMHYD3D, the cement

hydration module in VCCTL 4.0, which uses real cement particle shapes, sizes, and chemical makeup.

of portland cement and alternative
materials, mechanical properties of
cement paste, mortar, and concrete,
mortar and concrete rheology, real
shape of cement particles and aggre-
gates for concrete, and sulfate attack.
The database of cements and aggregates
has been greatly expanded and the user
interface has been made far easier to use
and much more powerful and flexible.
The industrial supporters of this

work have grown from the original

six companies to nine companies and
associations. The next three-year phase,
Phase II, was implemented at the end
of January, 2004, and started with
version 4.0. In calendar year 2004,

the National Ready Mixed Concrete
Association, which represents most

of the ready mixed concrete producers
in the U.S., will join the VCCTL
consortium. Thus the second phase

of VCCTL will include cement,
aggregates, chemical admixtures, and
concrete producers, uniting all the
major materials aspects of the concrete
industry in a joint project that will be
of major benefit to the entire industry.

Judging from Phase I results, we expect

even greater research progress and
utilization of future versions of the

VCCTL software.

CONTACT:

DR. JEFFREY BULLARD

MATERIALS AND CONSTRUCTION
RESEARCH DIVISION
301-975-5725
jeffrey.bullard@nist.gov

Modeling Concrete Rheology
with Real Aggregates

o be properly placed in forms,

concrete must flow, either under
gravity and added vibration or via
pump. In either case, measuring and

controlling the rheology of the concrete

A model concrete mixture, using real-shaped aggre-
gates, being sheared computationally. The aggregate
shapes were taken from x-ray computed tomography,
reconstructed using spherical harmonic mathematical

techniques, and incorporated into the DPD codes.
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is crucial for correct placement to
occur. In HYPERCON, rheology/pro-
cessing of concrete is studied experi-
mentally, using quantitative concrete
rheometry, and computationally, using
dissipative particle dynamics (DPD)
methods and parallel processing on a
128-processor computer. There is tight
synergy between the two parts, using
experimental measurements of cement
paste and mortar rheology as the input
to dissipative particle dynamics (DPD)
computer programs that compute the
rheology of concrete by adding virtual
coarse aggregate particles to a cement
paste matrix. Building on a past accom-
plishment on mathematically obtaining
the shape of real gravel and sand,
recently the DPD code has been modi-
fied to be able to simulate the flow of
concrete containing real shaped aggre-
gates. As expected, even in preliminary
results, significant changes in concrete
flow properties have been seen with
respect to previous models that were
only able to utilize simple shape parti-
cles like spheres. By using a multi-scale
approach, HYPERCON researchers are
rapidly becoming able to predict the
rheology and hence the flowability of a

concrete from its constituent ingredients.

CONTACTS:

DR. NICOS MARTYS

MATERIALS AND CONSTRUCTION
RESEARCH DIVISION
301-975-5915

nicos.martys@nist.gov

DR. CHIARA FERRARIS
MATERIALS AND CONSTRUCTION
RESEARCH DIVISION
301-975-6711

chiara.ferraris@nist.gov



Material Characterization

he ASTM standard C-150,
“Standard Specifications for
Portland Cement,” specifies composi-
tion limits for portland cement that are

based upon a bulk chemical analysis
and theoretical calculation of potential
phase composition. These calculations
were developed by Bogue at NIST
more than 75 years ago. Mr. Paul
Stutzman has been leading an effort
within the American Standards for the
Testing of Materials ASTM C-1 com-
mittee to develop the new standard
ASTM C-1365, which uses X-ray
powder diffraction (XRD) analysis to
directly measure the phase abundance

of portland cement and clinker. An

Cement clinker, which is manufactured cement that has

not yet been ground into cement powder. The material
has been lightly etched with hydrofluoric acid to show
the different cement chemical phases. The Rietveld pro-

cedure allows q itative XRD lysis of the P

sition of cement clinker and also cement powder. The

field width is 250 micrometers.
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XRD round robin is currently under-
way, which will be used to establish the
multi-laboratory precision and bias of
the test method, facilitating the accept-
ance of X-ray powder diffraction for
phase analysis of cements in ASTM
and elsewhere. The Bogue calculations
are known to be inaccurate, and the
more accurate XRD techniques are
also capable of being expanded, unlike
the Bogue calculations, to be able to
analyze the more complex hydraulic
cements of today, which incorporate
other materials like fly ash and blast
furnace slag. The data analysis proce-
dures necessary to be able to utilize the
XRD method are called the Rietveld
analysis techniques. These techniques
were further developed for cement
XRD data and presented to cement
plant staff in the 1st Portland Cement
Association-sponsored workshop at
NIST in June 2003. Using the new
standard ASTM C1365 instead of the
older bulk chemistry-based approach
will open the door for innovation in the

American cement manufacturing industry.

CONTACT:

MR. PAUL STUTZMAN

MATERIALS AND CONSTRUCTION
RESEARCH DIVISION
301-975-6715

paul.stutzman@nist.gov

Economics and Environment

conomics and environmental

impact are important parameters
for selecting materials. HYPERCON
deals with both. A new version of
BridgeLCC, v2.0, a user-friendly life-
cycle costing software package to help
bridge engineers assess the cost effec-
tiveness of construction materials in
preliminary bridge design and other
civil infrastructure applications like
pavements and piers, has been devel-
oped and is available for downloading
at www.bftl.nist.gov/bridgelcc/.
Improvements in version 2.0 include
improved Monte Carlo capabilities,
context-sensitive help, inclusion of an
expanded concrete service life predic-
tion tool, and a probabilistic events
wizard that helps add user-tailored
events like earthquakes to the analysis.

A new version of BEES (Building for

Environmental and Economic Sustain-
ability), v3.0, a software package based
on consensus standards and designed
for selecting cost-effective, environmen-
tally-preferable building products, has
been developed and released and has
already attracted over 9500 users world-
wide (htep://www.bfrl.nist.gov/oae/
software/bees.html). New features in
BEES 3.0 include: many more building
products analyzed, significant improve-
ments in the state of the art of U.S. life
cycle assessment (LCA), more environ-
mental impacts included in the envi-

ronmental performance score, and, for
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the first time, the significance of a
product's performance with respect to
each impact is included in the scoring.
While BEES 2.0 included only generic
products, BEES 3.0 now includes
around 80 brand-specific products
thanks to the active participation of a

number of manufacturers.

CONTACTS:

MS. AMY RUSHING
OFFICE OF APPLIED ECONOMICS RESEARCH
301-975-6136

amy.rushing@nist.gov

MS. BARBARA LIPPIATT

OFFICE OF APPLIED ECONOMICS RESEARCH
301-975-2661

bobbie.lippiatt@nist.gov

= BridgeLCC

Version 2.0
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Logos for the new versions of the BEES and BridgeLCC
software, released in 2002-2003. These new versions
have greatly increased functionality compared to earli-

er versions, and are freely available on the Internet.
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Modeling Transport
in Concrete for
Performance Prediction

n partnership with the U.S. Nuclear

Regulatory Commission (NRC),
BFRL has developed 4SIGHT, a long-
term concrete performance prediction
tool based on a physicochemical model
for transport and reaction. Originally
developed for underground low-level
waste facilities, the model is currently
being extended for application to
entombment of concrete nuclear struc-
tures. This has raised new technical
challenges because in an entombment,
the concrete may be required to act as
both a physical and a chemical barrier
to radionuclides. 4SIGHT is a trans-
port and reaction model that is based
on a chemical model for the pore solu-
tion and a physical model for the
microstructure. The physical model is
based on information gained from the
NIST CEMHYD3D microstructural
development model. The chemical
model was quite difficult to formulate,
as it had to approximate ionic transport
and reaction in concrete pore solution,
which is a water-based concentrated
electrolyte solution having a pH in
excess of 12. An accurate formulation
has been achieved by adding thermody-
namic properties of the pore solution to
4SIGHT. The model can now accurate-
ly predict binary and ternary salt diffu-
sion coefficients, diffusion potentials,

solution electrical conductivity, and
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2.0
SIGHT

EDAR++

Logos for the 4Sight concrete performance prediction
tool and the transport and reaction object code library

Cedar++.

transference numbers in electrolytes,
like concrete pore solution, that have
ionic strengths in excess of 1 mol/kg
and high pH values. The current
transport and reaction model is being
developed as both an object code
library (CEDARG++) for rapid applica-
tion development and as a stand alone
application for concrete performance
assessment (4SIGHT). Under the
continuing sponsorship of the NRC,
4SIGHT is being adapted for inclusion
into the Framework for Risk Analysis in
Multimedia Environments (FRAMES),
a software platform developed by
Pacific Northwest National Laboratory
(PNNL) for selecting and implement-
ing environmental software models for
risk assessment and management prob-
lems in order to facilitate risk assess-

ment of entombed nuclear structures.

CONTACT:

MR. KEN SNYDER

MATERIALS AND CONSTRUCTION
RESEARCH DIVISION

(301) 975-4260
ksnyder@nist.gov



Construction Integration
and Automation Technology

(CONSIAT)

Infended Outcome and Background

The focus of CONSIAT research at
NIST is to achieve breakthrough cycle
time and lifecycle cost reductions in
the delivery of construction projects by
providing, within five years, the critical
science-based performance measure-
ment tools that will enable early indus-
try integration and automation of the
construction process.

The Construction Industry Institute
(Cll) - an organization with about 100
members representing the Nation’s
leading owners, contractors, and
suppliers of constructed facilities —
has made the development of Fully
Integrated and Automated Project
Processes, FIAPP, a top priority.
However, the construction industry
faces special challenges including low
R&D investment, the fragmentation of
the industry, and the strong project-
oriented nature of its processes.

The CONSIAT program is providing
the critical science-based performance
measurement tools to enable: integra-
tion of construction site metrology data
and other field information into project
information management systems;
delivery of just-in-time information to
guide field operations; and automation

of the construction process.
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Cll, with the support of NIST, has
created FIATECH, a collaborative, not-
for-profit consortium that will conduct
leveraged research and development
in partnership with suppliers, with
firms in the software/information
technology industries, and with the
public sector. NIST is working in
close partnership with the FIATECH
Consortium fo maximize the relevancy
of the projects and the leveraging of
resources on both sides, and to mini-
mize the time to implementation of the
program results. NIST is also participat-
ing in the FIATECH-led Capital Projects
Technology Roadmapping effort. The
resulting indu