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FOREWORD

The competitiveness of all U.S. industries
and the quality of life of all people depend
on the quality of the constructed facilities
that shelter and support most human activi-
ties. Construction also is of great direct
economic importarce. Annually, in excess
of 8600 billion is spent in the United States
on the design, construction, maintenance,
repair, and renovation of constructed facili-
ties, according to statistics from the U.S.
Department of Commerce. New construc-
tion alone employs 6 million people. The
guality of constructed facilities directly
affects the productivity of the U.S. building
and fire community and affects the safety
and quality of life of all constructed facili-
ties. Over two-thirds of the Nation’s fixed
raproducible wealth is invested in the con-
structed facilities.

The National Institute of Standards and
Technology (NIST) is the only federal tech-
nology agency with the specific mission of
helping U.S. industry to strengthen its
international competitiveness. NIST:

1. helps U.S. industry improve its com-
petitiveness through new technolo-
gies, modernized production pro-
cesses, improved quality control,
and rapid commercialization;

2. improves public health, safaty, and
the environment; and

3. conducts fundamental research that
advances science and engineering.

NIST develops measurement technology,
testing procedures, guality assurance meth-
ods, and innovations that help build the
infrastructure upon which much of the U.S.
economy rests.

About BFRL. The mission of the Building
and Fire Research Laboratory (BFRL}), cne
of NIST's eight Laboratories, is to enhance
the competitiveness of U.S. industry and
public safety through performance predic-
tion and measurement technologies and

technical advances that improve the life
cycle guality of constructed facilities.

BFRL performs and supports field, laborato-
ry. and analytical research to understand
the parformance of construction materials,
components, systems and practices, and
the fundamental processes underlying the
initiation, propagation, and suppression of
fires. Its focus is on structural, materials,
and mechanical engineering, and fire safety
and sciences. BFRL’s key customers in-
clude the architactural and engineering
firms, manufacturing industries, the con-
struction and fire safety industries. codes
and standards officials, Federal and state
agencies, and accupants and users of build-
ings and other structures including trans-
portation conveyances.

BFRL’s werk enhances the international
competitiveness of U.S. building services
and products through advancements in
building and fire technology. BFRL per-
forms and supports field, laboratory, and
analvtical research on the performance of
construction materials, components, sys-
tems and practices, and the fundamental
processes underlying the initiation, propa-
gation, and suppression of fires. The Labo-
ratory produces technologies to predict,
measure, and test the performance of
construction and fire prevention and contral
products and practices.

BFRL’s taboratory facilities include:
six-degree-of-freedom structural testing
facility; large-scale structural testing facility
with the 53 MN {12-million pound) univer-
sal structural testing maching; environmen-
tal chambers; guarded hot-plate; calibrated
hot-box; plumhing tower; building materials
imaging and modeling laboratory; large burn
facility for conducting experimental fires in
fuli-scale and related combustion toxicitv
facility, large industrial fire test facilities,
and fire suppression test facilities; and a
fire simulation laboratory.

BFARL is a major nonproprietary source of

technical information for development of
voluntary standards by such organizations



as ASTM: Amaerican Concrete Institute;
American Society of Heating, Refrigerating
and Air-Conditioning Engineers; American
Society of Civil Engineers; institute of
Electronics and Electrical Engineers; and
National Fire Protection Association. The
resulting standards are widely used in build-
ing and fire codes.

BFRL works closely with its international
peer organizations to maintain awareness
of foreign research developmeants, as well
as assure that generic research efforts are
complementary, and U.S. interests are
represented in the preparation of interna-
tional standards and practices. BFRL coop-
erates closely with other U.S. and foreign
laboratories in the conduct of its research.
Seventy-eight research associates from
U.S. industry, guest researchers from for-
sign laboratories, and faculty members
from universities worked at BFRL during
1992 for periods averaging about a year.

BFRL participates in about 150 national
standardization activities; provides leader-
ship in national and international standard-
ization organizations and chairs more than
20 voluntary standardization committees.
BFRL annually publishes over 230 reports,
articles for research journals, and articles
for professional and trade journals. BFRL
staff annually makes hundreds of presenta-
tions to professional and technical meetings
of building community organizations. For
23 years, BFRL has hosted a monthly Build-
ing Technology Sympaosia Series in cooper-
ation with other organizations concerned
with building research and practice and
hosts weekly Fire Research Seminars for
NIST staff and colleagues from the fire
community. These are effective means of
transferring the latest knowledge to practi-
tioners and peer researchers. The Fire
Research Information Service (FRIS) cun-
sisting of national and international fire
rasearch literature and FIREDOC, the auto-
mated database of fire research literature,
is the only comprehensive national library
resource for the fire community.

iv

BFRL has 201 employees of which 144 are
professional staff, 74 have Ph.D.s, and 17
are registerad angineers. BFRL's budget for
Fy 1883 is $24 million. Congress provides
$12 million to develop core competence in
emerging research areas which will be used
to assist in solving Federal agency and
industry needs. The remainder, $12 mil-
fion, is from Federal agencies ($10 million)
for solving their mission needs and from
industry ($2 million).

About this Report. This report summa-
rizes BFRL's research for 1993. The report
is arranged by its research programs: struc-
tural engineering, materials engineering,
mechanical and environmental systems, fira
safaty engineering, and fire science. Each
summary lists the project title, the BFRL
point of contact, sponsor, research, and
recent resuits.

For further information about BFRL, its
facilities, opportunities for Guest Research-
er assignments, collaborative programs,
and contracted research contact BFRL's
Office of Cooperative Research Programs,
Building 226, Room B250, NIST,
Gaithersburg, MD 20899. The fax number
is 301-975-4032.
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Performance Requirements for
Passive Energy Dissipation Systems
for Buildings and Lifeline Structures

Principal investigator:
Harry Shenton
Structures Division
301-975-6067

Sponsor.
National Institute of Standards and Technology

Objective

To develop standard performance criteria and test
procedures to evaluate seismic base-isolation
bearings.

Problem

Passive energy dissipation systems for seismic
base isolation is effective in reducing the level of
response in structures during strong earthquake
ground shaking. The primary component of a
base-isolation system, the bearing, must be
capable of withstanding complex static and
dynamic loads during the normal life of the
system. However, there are no standard perfor-
mance criteria and test procedures to evaluate
e 2ismic base-isolation bearings.

Approach

This research involves five tasks:

1. Perform a survey data from technical publica-
tions, journal articles and manufacturers reports on
seismic isolation bearings used in buildings,
bridges and other large structures. Thus survey
includes information on matenals, design, test
proceduwres, performance characteristics, energy
dissipation capacity, tension up-ift capacity,
displacement limiting devices, fire protection,
maintenance, and repair or replacement.

2. Create an oversight committee of individuals
from the base-isolation community, with expertise
in design, fabrication and testing, to act in an
advisory capacity thvoughout the development of
the draft standard.

3. Develop a8 summary of existing or potential
performance criteria and testing procedures from
reviews of data and input from the oversight
committee. This iniomation will serve as the
basis for a workshop.

4. Conduct a two- or ttvee-day workshop on
performancea criteria and test procedures for base-
isolation beanngs. Parucipants will be invited from
the design, fabncation, manufacturing and re-
search communities 1o discuss issues rewated to
the standiardization of performance criteria and
test procedures, and provide input for the aevelop-
ment of a draft standard.

§. Develop a draft standard using input from the
oversight committee, workshop, and data survey.

The results of the research will produce a draft
standard serving as a resource document for
voluntary standard/specification writing bodies.

Recent Results

Shenton, Harry W., fIl, "Design Criteria for Base
Isolation of Buildings,” Wind and Seismic Effects,
Proceedings of the 24th US-Japan Panel on Wind
and Seismic Effects, NIST SP 843, National
Institute of Standards and Technology, Saptember
1992.

Shenton, Hamry W., lll, Lin, Albert N., and Lew.
H.S., "Performancs of Fixed and Isolated Struc-
tures,” Tenth Workd Conference on EarthqQuake
Engineenng, Vol. 7, pp 2485-2490, July 1992,
Madrid, Spain.

Shenton, Harry W, 1If and Lin, Albert N., "Relative
Perfarrmance of Fixed-Base and Base-isolatad
Concreia Frames,” ASCE, Journal of the Structur-
&/ Division, June 1992.

Lin, Albert N.. "Design Force Levels for Base-
isolated Structures,” Proceedings, 1992 CIB Workd
Congress, Montreal, Canada, May 19, 1892,

Lin, Albert N. and Shenton, Harry W_, lIl, "Seismic
Performance of Fixed-Base and Base-Isolated Steel
Frames.” ASCE, Joumal of Engineening Mechan-
ics, Vol. 118, No. 5, May 1992,



Seismic Performance of Precast
Concrete Connections

Principal Investigator:
William Stone
Structures Division
301-975-6075
Geraldine S. Cheok
Structures Division
301-975-6074

Sponsor:

National Institute of Standards and Technology
and

The American Concrete institute

Cuncrete Research Council

Objective

The objactives of this project are to develop
technical data and to recommend rational and
consistent seismic design provisions for moment
resistant precast concrete beam-column connec-
tions.

Problem

Careful attention to connection detail is required to
ensure ductility and to prevent prematurs yielding
of connections. To exploit the benefits that exist
in precast construction, ATC-8, the Proceedings of
Workshop on Design of Prefabricated Concrete
Buildings for Earthquake Loads, identified

research on moment resistant joints between
precast beam and column elements as the top
priority item.

Strength and ductility of joints of precast beam-
column connections can be achieved by post-
tensioning the precast elements, special reinfore-
ing arrangements, and fiber reinforced grout in the
joints. Technical data are needed to establish
provisions for code and standards, thereby
promoting precast construction in seismically
active regions.

Approach

Currently, there is fimited guidance for the design
and detailing of precast concreta structures for
saismically active regions. The 1985 UBC permits
the use of precast concrete elements to res.
seismic forces when the design and detailing
satisties the Code requirements for cast-in-place
concrete structures. The 1985 edition of the UBC
Code was in use at the time this research was
initiated. Precast structures tend to be less ductile

and tend to have a less stable inelastic response
than do cast-in-place monglithic structures. This is
primarily because the inelastic strains are concen-
trated in tha connections. Thus, the connections
are often unavoidable weak links.

A task group of individuals form the academic
research community, the Precast/Prestressed
Concrete Institute, the Portland Cement Associa-
tion, and the design profession, has been formed
by ACI to provide technical guidance on the
project. This task group will guide the design of
specific joint details for BFRL's consideration. An
experimental model study will be performed to
characterize joint behavior. The experimental
program is divided into four phases:

1. Exploratory phase to determine a viable
connection.

2. Parametric study of details developed in Phase
1.

3. Effect of partially bonded tendons.

4. Effect of using low strength steel in conjunc-
tion with post-tensioning in a precast connection.

The successful completion of this project will have
a broad impact on building construction in saismic
zones. Precast moment-resisting frames can be
eracted at substantial time savings over traditional
monolithic {cast-in-place) construction techniques.
Furthermaore, there is enhanced material quality
control afforded by using pre-manufactured
elements. Both of these factors will improve U.S,
construction productivity and competitiveness.

Recent Results

Cheok, Geraldine, Stone, William, and Lew, H.S.,
*Seismic Performance Behavior of Precast Con-
crate Beam-Column Joints,” Submitted to Pro-
ceedings of the ASCE Structures Concrete, April
1993.

Stone, William, "Model Precast Concrete Beam-to-
Column Connections Subjected to Cyclic Load-
ing,” PCI Journal, accepted December 1992.

Cheok, Geraldine, Stone, William, and Law, H.S.,
"Partially Prestressed and Debonded Pracast
Concrote Beam-Column Joints,” Proceedings of
the Third Meeting of the U.S. Japan Joint Techni-
cal Coordinating Committee on Precast Seismic



Structural Systems (JTCC-PRESSS), San Diego,
CA, November 18-20, 1992.

Seismic Strengthening Methodolo-
gies for RC Frame Buildings

Principal Investigator:
Long Phan
Structures Division
301-975-6077
Diana Todd
Structures Division
301-975-5296

Sponsor:
National Institute of Standards and Technology

Objective

To develop seismic strengthening guidelines for
lateral load resisting capacity of lightly reinforced
concrete (RC) frame buildings.

Problem

Most RC structures in the eastern United States
are not designed to resist large earthquakes.
Thus, in the event of a strong motion earthquake,
many RC buildings, which were designed primarily
for gravity loads, are vulnerable to savere damage
or even to total collapse. To minimize such
vulnerability, local weaknesses in the buildings
must be accurately identified, and the building as a
whole must be strengthened with appropriate
lateral load resisting elements to provide adequate
stiffness and strength to resist lateral loads
produced by moderate earthquakes and sufficient
ductility to absorb imparted energy of a strong
earthquake without collapse.

Analytical tools are not available to identify the
weaknesses in a structural system and to assess
proposed strengthening schemes, both at the
sophisticated level needed for analytical research,
and at the simplified level needed for day-to-day
practice by design engineers. Also lacking is
practical guidance for enginaers to select and de-
sign retrofit schemes,

Approach

A systematic examination of available test data,
performed by BFRL in FY 1992 has yielded
empirical hysteresis models for ona-bay, one-story
bare frames, monolithic wall-frame constructions,
frames strengthened by cast-in-place infilled wall,
and frames strengthened by precast concrete
panels. The models were incorporated into the
program IDARC for use in inelastic analysis,
succassf.. validation of the model has been



obtained utilizing results of a one-bay, one-story
test and a one-bay, three-story test.

Dunng FY 1993, BFRL will develop hysteresis
models of:

& Existing B-C joints,

= Columns strangthened by jacketing,

® Frames infilled by masonry walls, and
® Frames strengthened by steel bracing.

The complete set of hysterasis models will provide
the program 'DARC with an enhanced capability in
insiastically analyzing existing RC structures and
structwres strengthened by the various schemes
described above. This analytical capability will be
used to perform a parametric study on a number
of selected buildings.

The system identification method also will be used
to develop empirical expressions, using the same
experimental database, for ultimate shear capaci-
ty, energy absorption, and ductility factor of un-
strengthened and strengthened structures.

Thase empirical expressions could be used by
design engineers to predict the capacities of the
structures before and after strengthening. The
results of parametric study, coupled with the
expressions for structural capacities, will provide
the basis for developing guidelines for seismic
strengthening of lightly RC structures in future
years.

The results of this project are expected to prohce
guidelines for providing lateral load resisting
elaments. They will be used to evaiuate the
capacity of existing buildings and identify deficien-
cies; and to predict seismic performance of the
buildings after strengthening and provide quantita-
tive assassment of the improvement in sgismic
performance.

Recent Results

Phan, Long, T.. Todd, Diana, R., Lew, H.S.,
"Seismic Strengthening of Reinforced Concrete
Frame Buildings,” submitted to the 7993 National
Earthquake Conference, Memphis, TN.

Phan, Long T., Todd, Diana, R., Lew, H.S.,
Strengthening Methodology for Lightly Reinforced
Concrete Frames-f, NISTIR 5128, National insti-
tute of Standards and Technology, Gaithersburg.
MD, February 1993.

Geotechnical Options for Mitigating
Liquefaction Effects

Pnincipal Investigator:
Felix Y. Yokel
Structures Division
301-975-6069

Sponsor.
National institute of Standards and Technology

Objective

To study the effectiveness of ground improvement
and other options for mitigating or preventing
liquafaction.

Problem

Many lifeline systems are vulnerable to the effects
of liquefaction. While it is in most instances
feasible to iocate critical structures and support
facilities on sites which are not susceptible to large
ground displacements and other liquefaction
effects, similar precautions are not always possible
for long, linear system elements such as pips and
rail lines. Furthermore, there are many existing
lifelines which are vulnerable to earthquake effects
becauss of their location or because of antiquated
design and deterioration due to age. Even when
aging system elements are replaced, it is not
always possible to relocate these systems in less
vulnerable areas because of right-of-way restric-
tions or the geographical location of existing
developed areas which must be served.

Two strategies are available for dealing with the
liquefaction problem: (1) design the lifelines to
resist or accommodate large ground displacements
and other effects associated with liquefaction; and
(2) implement ground or system improvements
which will prevent liquefaction or modify its
effects. Strategy (2} is of particular interast in
conjunction with retrofit of existing systems. This
project will concentrate on ground improvement.
Known ground improvement options include
drainage, densificaticr and soil modification by
grouting or other methods. The greatest impedi-
ment to ground improvement is cost.

Two problems need to be addressed: 1. determine
the effectiveness of proposed methods; and 2.
develop in-situ and laboratory performance tests
which carn measure the success of the implemen-
tation of the improvement and provide reasonable
quality control in the field.



Approach

During FY 1993, BFRL will: 1. conduct analytical
modeling of the soil improvernent; and 2. develop
in-site and laboratory tests that can be used to
measuwre the success of tha improvement. For the
former, analytical studies will be conducted in
which various soil improvemnents will be modeled
to determine the difference between the response
of the improved and the unimproved site. Actual
performance data, to the extent available, also will
be collected. For the latter, various test methods
wili be examined, including in-situ tests (SPT,
CPT, geophysical, ambient vibration effects) which
can determing the change in soil density and
possibly shear strength, and laboratory tests on
undisturbed samples (as feasible).

Recent Results
New projet late 1992,

Management of the Interagency
Committee on Seismic Safety in
Construction {(ICSSC)

Principal Investigator:
Diana Todd
Structures Division
301-975-5296

Sponsor.
Federal Emergency Management Agency
Office of Earthquakes arxd Natural Hazards

Objective

The objective of this project is to facilitate and
expedite the work of the Interagency Committee
on Seismic Safety in Construction {ICSSC), by
providing the Chair and Secretariat.

Problem

The National Earthquake Hazard Reduction
Program (NEHRP) established the ICSSC to assist
Federal departments and agencies develop,
improve, and maintain seismic safety programs for
all tvpes of construction. Thirty Federal depart-
ments and agencies participate in ICSSC. The
National Earthquake Hazard Reduction Act
(amended by Public Law 101-614) designates the
Director cf NIST, or his Deputy, as the Chair of
the ICSSC. NIST provides the Secretariat to the
ICSSC, 1o facilitate, document, and disseminate
the work of the Committee. The ICSSC is cur-
rently developing seismic evaluation and rehabilita-
tior. standards for existing Federally owned and
leased buildings.

Approach

NIST schedules and chairs at least two annual
meetings of the Full Committee and at least one
annual meeting of the Steering Committee. BFRL
develops the meeting agendas and minutes.
maintains meinbership rosters, and performs ag-
ministrative tasks as needed to maintain this
Committee.

NIST, working with ICSSC’s Subcommittee 1 and
Full Committee, will develop consensus seismic
standards for assessment and rehabilitation of
existing Federally owned and leased buildings.

Recent Results

Council of American Building Officials, Assess-
ment of the Seismic Provisions of Model Building
Codes, NIST GCR 91-598, Nationa! Institute of



Standards and Technology, Gaithersburg, MD,
July 1992,

Todd, Disna and Bieniawski, Ann, Eds., Guidelines
and Procedures for Implementation of tha Execu-
tiva Order on Seismic Safety of New Buiding Con-
struction, NiSTIR 4852, National institute of
Standards anJ Technology, Gaithersburg. MD,
June 1992.

National Conference of States on Building Codes
and Standards, Seismic Provisions of State and
Local Buiiding Codes and Their Enforcement, NIST
GCR 91-599, National Institute of Standards and
Technology, Gaithersburg, MD, June 1992,

Development of Standards for Exist-
ing Federal Buildings

Principal Investigator:
H.S. Lew

Structures Division
301-975-6061

Diana Todd
Structures Division
301-975-5296

Sponsor;
Federal Emergency Management Agency
Office of Earthquakes and Natural Hazards

Objective

The objective of this project is to mest the require-
ment of Section 8(a}{1) of Public Law 101-614 to0
develop standards for assessing and enhancing
the seismic safety of existing Federat buildings.

Problem

Buildings constructed without adequate consider-
ation of seismic safety present a significant
potential threat to human life during an earth-
quake. No nationally accepted private sector
standards exist to address this issug. The Federal
Govermument wishes to sat an example by estab-
lishing standards for the evaluation and rehabilita-
tion of Federally owned and leased buildings. The
standards developed will be used by Federal
agencies.

Approach

The standards to be forwarded to the President
are to be approved by consensus of the ICSSC. A
contractor will develop drafts of performance
objectives, rehabilitation criteria, standards, and
supporting documents. !CSSC Subcommittes 1
(Standards for New and Existing Buildings) will
review and revise the draft documents as appro-
priate. The revised draft standard will be forward-
ed to the Full Committee of the ICSSC tor consen-
sus approval. After OMB review and approval,
the standard will be submitted to the office of the
President.

Development of stancards for Federal use is
axpacted to contribute to a long-term FEMA
project to develop guidelines for national private
sactor use. When the standards are adopted and
enforced, the seismic safety of existing Federal
buildings will be enhanced.



Recent Results

Dagenkolb, H.J. Associates, Engineers, Rutherford
& Chekene, Consulting Enginears, Aroceedings:
ICSSC Issues Workshop, Development of Seismic
Evaluyation and Rehabilitation Standards for
Federally Owned and Leased Buildings, NIST GCR
92-617. National Institute of Standards and Tech-
nology, Gaithersburg, MD, October 1992,

Plan for Developing and Adopting
Seismic Design Guidelines and
Standards for Lifelines

Principal Investigator:
Riley M. Chung
Structuras Division
301-975-60062

Sponsor.

National Institute of Standards and Technology
and

Federal Emergency Management Agency
Office of Earthquakes and Natural Hazards

Objective

To develop a National Plan, including technical
issues, organizational requirements, timetable, and
budget, for developing and adopting seismic
design guidelines and standards for lifelings.

Problem

Lifelings are public works and utilities systems that
support human activities. Lifeline systems include
electrical power, gas and liquid fusls, telacommu-
nications, transportation, and water supply and
sewers, These systems are vuinerable 1o sarth-
quakes. At least 39 of the 50 States are subject
to severe or moderate earthquake hazards.
Assessment of earthquake hazards indicate thet
ona or more server earthquakes can bs expected
to strike U. S. metropolitan areas in the next
decade.

While loss of life and property damage would be
confined within an earthquake's felt area, econom-
ic lossas, particularly those caused by the failure
of lifeline systems, are widely spread throughout
the nation as the result of the nation's close
interdependency of its commerce activities. Public
Law 1071-614 mandated that NIST, working with
FEMA, would create a Plan for developing and
adopting seismic design and construction stan-
dards for felings. The Plan will be reviewed by
FEMA, the NEHRP Advisory Coammittee, the
ICSSC, and OMB as it is completed for submittal
to Congress.

Approach

BFRL has worked with private sector experts
through a Steering Group, conducted a September
1991 lifelines workshop, and prepared a first draft
of the Plan in the spring 1992 for review by FEMA
and the NEHRP Advisory Committee. The draft



incorporatas comments of the Advisory Commit-
tee; a revised version is being reviewed by the
Advisory Committee. It is expected that the
proposed Plan will be forwarded to OMB in
February and to Congress in the spring of 1993.

The Plan represents the consensus recommenda-
tions of the Federal agencies and the private
sector recommendations for developing and
adopting seismic design guidelines and standards
for lifelines. Two reports will be published in the
summer of 1993: 1. Aroceedings of the Septem-
ber 1891 Workshop on Lifelines, and 2. A Plan for
Developing and Adopting Seismic Design Guide-
lines and Standards for Lifelines.

Recent Resuits
Developed draft National Plan on seismic design
guidelines and standards for lifelines.

UJNR Bridge Workshop

Principal Investigator:
H.S. Lew

Structures Division
301-975-6061

Sponsor.

Federal Highway Administration

Office of Engineering and Highway Operations
Resesarch and Development

Objective

To hold, under the auspices of the UIJNR Panel on
Wind and Seismic Effects, a joint U.S.-Japan
bridge workshop to exchange the latest develop-
ments in wind and seismic design criteria, con-
struction methods, and repair and strengthening
techniques.

Problem

Both the United States and Japan continually
update design criteria based on research and field
performance data. Timely exchange of technical
data is beneticial for both countries for updating
design and construction standards for bridge
structures.

Approach

In cooperation with an academic institution, a joint
workshop was planned and held at Tsukuba,
Japan in May 1993,

Recent Results
New project 1993.



Geotechnical Evaluation for Lifelines

Principal investigator:
Steven Glaser
Structures Division
301-975-6051

Falix Y. Yokel
Structures Division
301-975-6065

Sponsor.
National Institute of Standards and Technology

Objective

To assess and propose improved methods of site
exploration and predictive modeis for large earth-
quake-induced ground displacements and their
effect on lifeiines.

Problem

Lifeline systems are vuinerable to large earth-
quake-induced ground displacements, such as
those associated with liquefaction, land slides,
slope failures and fauit displacements. They also
are vulnerable 10 pressure gradients and particle
migration associated with liquefaction. Many older
lifeline systems deteriorated by corrosion and
other aging effects ara especially vulnerable. As
new lifsline systems bacome more complex, their
vulnersbifity often is increased. While in most
instances it is feasible to locate critical structures
and support facilities on sites which are not
susceptible to large ground displacements, similar
precautions are not always possible for long linear
system elements such as pipelines, communica-
tion and slectrical transmission lines, highways,
and rail lines. To design lifelines that resist or
accommaodata large ground displacements, it is
necassary to map the location of critical areas and
reasonably estimate the magnitudes of anticipatsd
displacoments.

Approach

Two aspects of this problem are of general
interest: identification of vulnerable sites; and
quantification of displacemants which are poten-
tially harmful to lifelines. The study approach will
have two components: {1) assessment and
refinement of soil exploration methods; and (2}
assessment of models for predicting ground
displacements.

Initially, the emphasis in this research is on
liquefaction and its effects. Liguefaction potential
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may be ascertained by in-situ exploration methods
such as SPT, CPT and SASW. BFRL will consider
the possibility of applying system identification
maethods, such as those recently used by BFRL in
a study of building response in the San Francisco
Bay area, and consider state-of-the-art geophysical
methods. BFRL will refine instrumantation, devel-
oped in a previous study, to measure forces and
velocities in the drill rod below the anvil in the
SPT. The instrumentation will be used in field
studies conducted by others to determine whether
the added information on tha load-displacement
function at the lower end of the rod can be used
to improve the prediction of liquetaction potsntial
and effects. The results of this work will provide
sound estimates of actuat performance of liquefi-
able sands during aarthquake loading.

Recent Results

Glasar, Steven, D., Estimating Soi Parameters
Important for Liquefaction Siting Using identifica-
tion Techniques, NISTIR 5143, National Institute
of Standards and Technology. Gaithersburg, MD,
March 1993.

Glaser, Steven, D., "Estimation of Soil Parameters
Using System ldentification Theory,” ASCE
Journal of Geatechnical Engineening, submitted
February 1993,



Secretariat U.S.-Side Panel on Wind
and Seismic Effects

Principal Investigator.
Noe! J. Raufaste
BFRL Headquarters
301-975-5905

Sponsor:

National Institute of Standards and Technology
and

10 Federal Agencies

Objective
To provide the U.3. Secretariat of the U.S.-Japan
Panel on Wind anc Seismir Effects.

Problem

Loss of iiia and property from high winds and
saismic loads often result from inadequate knowl-
edge to cost-effectively design and construct
buildings and other structures. The development
of improved mitigation practices are in its early
stages of development. Technical collaborations
between experts in the United States and Japan
need to continue to realize improvements in
knowledge of natural hazard mitigation practices.
Such improvements are possible through joint
working relations with such experts through
performing joint research projects and exchanges
of research personnel, techn'cal data and informa-
tion, and research equipment. This Panel is part
of the U.S.-Japan Natural Resources Development
Program under the aegis of the U.S.-Japan
Cooperative Science Program of 1961.

1. Planning U.S.-side activities (20 Agency
membaership), hosting two U.S. Panel’s domestic
mestings, and managing the U.S. delegation’s
technical contributions to Annual Joint Meetings.

2. Planning and coordinating technical activities of
the Panel's 10 Task Committees.

3. Maintaining liaison with U.S. and Japan Panel
members and other experts associated with the
Panel’s activities.

4. Preparing and distributing periodic activities
reports and publishing annual Proceedings and
other materials as appropriate for distribution to
[.S.-sida Panel members and users of such
knowledge.

The Panel’s generated data influences on-going
U.S. and Japan structural engineering research,
influences BFRL's structural engineering program
planning, and guides improvements of building
codes and standards of both countries. Data has
advanced technologies in the areas of steel
structures under seismic forces, large-scale testing
of masonry structures, soil dynamics and liquefac-
tion, large-scale bridge piers subjected to seismic
loads, ground motion, pavements, and dynamic
stability of embankment dams.

Recent Resuits

Raufaste, Noel J., Wind and Seismic Effects,
Proceedings of the 24th Joint Meeting, NIST
Special Publication 843, National Institute of
Standards and Technology, Gaithersburg, MD,
September 1992,

Tokida, Ken-ichi and Raufaste, Noel J., List of
Publications 1969-1991, Panel on Wind and
Seismic Effects, NIST Special Publication 835,
National Institute of Standards and Technology.
Gaithersburg, MD, April 1992.

Raufaste, Noel J. (Ed), Earthquake Resistant
Construction Using Base Isolation Volumes 1 and
2, NIST Special Publication 832 Vol 1 & 2,
National Institute of Standards and Technology,
Gaithersburg, MD, April 1982,
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Nonlinear Chaotic Behavior of Dy-
namic Structural Systems

Principal investigator.
Emil Simiy
Structuras Division
301-975-6076

Sponsor.
National Institute of Standards and Technology

Objective

To davelop a computational and experimental
basis for the study of nonlinear and chaotic phe-
nomena of potential intarest in structwral engineer-

ng.

Problem

Engineering systems exhibiting nonlinesr behawi’
may undergo chaotic motions. The understanding
of basic aspects of such motions is needed to
develop the theoretical basis of design and evalua-
tion methods appropnate for these systems.

Approach

Based on resuits of expenmental and numerical
studies obtained earlier in this project, it will be
shown that certain noise-driven stochastically
unstable motions may be approximated arbitrarily
by deterministic chaos orbits. The study will be
conducted for oscillators whose unperturbed
couterpart exhibits homo- and herteroclinic orbits
and will make uss of the generalized Melnikov
distance, the attendant traveling horseshoe
saquence concept, and the astimation of transport
across pseudo-separatrices via one-sided flux.
The approach will be developed by Gaussian ~nd
Non-Gaussian noise. Tha identity of the resuits
obtained by this approach and by the Fokker-
Planck approach will be verified in a canonical
case.

Recent Resuits

Simiu, Emil ang Grigoriu, M., "Non-Gaussian Noisa
Effects on Reliability of Multistable Systems,”
submitted to 12th International Conference on
Offshore Mechanics and Arctic Engineering, Juna
1903.

Frey, E. and Simiu, Emil, "Noise-induced Chaos
and Phasa-Space Flux,” Physica D Nonlinear Phe-
nomenz, February 1993.

Simiu, Emit and Cook, Graham, "Empirical Fluid-
elastic Models and Chaotic Galloping: A Case
Study,” Journal of Sound and Vibration, Vol. 154,
No. 1, pp. 45-66, 1992,

Frey, E. and Simiy, Emil, "Deterministic and
Stochastic Chaos," Computational Stochastic Me-
chanics, Cheung and Yang, eds. Elsevier (submit-
ted Dec. 1992)

Simiu, Emil and Frey, E., "Melnikov Function and
Homoclinic Chaos Induced by Weak Perturba-
tions,” Physical Review A15, in review.

Simiu, Emil and Frey, E., "Noise Modeling and
Reliability of Behavior Prediction for Multi-Stable
Hydroelastic Systems,” Proceedings of the 11th
international Conference on Offshore Mechanics
and Arctic Engineering, June 1992,

Simiu, Emil and Frey, E.. "Equivalence Between
Motions with Noise-Induced Jumps and Chaos
with Smale Horseshoes,” £ngineering Mechanics,
Proceedings of the Ninth Engineering Mechanics
Conference. ASCE, May 1992.
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Design Wind Load Criteria for Man-
ufactured Housing in Hurricane
Zones

Principal Investigator:
Richard D. Marshall
Structures Division
301-875-6071

Sponsor:

Department of Housing and Urban Development
Otfice of Policy Development and Research
Innovative Technology Division

Objective

To develop revised wind load criteria for the
design of manufactured housing intended for
hurricane regions.

Problam

The Manufactured Home Construction and Safsty
Standards (CFR Pt. 3280) were implemented in
1976. Section 3280.305 contains structural
design requirements which include the eftects of
live loads, wind, and snow loads. Paragraph {c}(2)
defines the designation Hurricane Resistive (Zone
1) and requires that the home and each wind
resisting part and portion thereof be designed for
horizontal wind ioads of not less than 25 pst
(1.20 kPa) and net uplift of not less than 15 psf
(718 Pa). Experiance in South Florida and Loui-
siana during Hurricane Andrew suggests that
these wind load reguirements may not adequately
describe the forces that a manufactured home is
likely to experience in a hurricane. There is a need
to critically examine the wind load requirements of
CFR Pt. 3280 n light of this experience and
develop revised wind load criteria which will
improve the performance of manufactured homes
in hurricane winds.

Approach
During FY 1993, BFRL will perform the following:

1. Review the current CFR wind load require-
maents in light of the corresponding provisions of
the South Florida Building Code and ASCE 7-88
(Minimum Design Loads for Buildings and Other
Structures).

2. Provide HUD with recommendations on
issuance of interim wind load design criteria.
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3. Assemble data on damage to manufactured
housing units in the path of Hurricane Andrew and
document the surface wind speeds associated
with the passage of Andrew across South Florida.

4. Davelop revisad design wind load requirermnents
based on existing data from full-scale and wind
tunnel modsl studies. The revised criteria will
address the effects of wind exposure, blockage,
and channeling, and will address overall forces,
internal pressures, and wind pressures on tributary
areas.

5. Review the relevant structural load tests
described in CFR Pt. 3280 and outline a program
for the development of test methods that will
ensure compliance with the revised wind load de-
sign requirements.

©. Prepare a repont of findings and recommenda-
tions.

Recent Rasuits
New project 1993,



Calibration of Marshall Compaction
Hammers

Principal Investigator:
Harry Shenton
Structures Division
301-975-6067

Sponsor:

Federal Highway Administration

Office of Engineering and Highway QOperations
Research and Development

Pavements Division

ive
To develop a practical testing apparatus which can
be used to “calibrate” mechanical hammers used
in the Marshall asphait mix design procedure.

Problem

The Marshall test procedure is currently used by
most state and local highway agencies for asphalt
mix design. The first step in the procedure con-
sists of compacting mix specimens using a manual
or mechanically operated Marshall compaction
hammer. Tests are then performed on the com-
pacted specimen to establish various design
parameters. The results of many round-robin mix
exchange programs has shown there to be a wide
variation in mix design parametars when a given
mix is compacted with different compaction
hammers. Several hammer-related variables have
been found to play a key role in influencing
Marshall test results, a few include: pedestal
support, hammer alignment, hammer mass and
friction. A method for quantifying the effect of key
equipment-ralatad variables is neaded, so a
*standard” level of energy can be delivered to
specimens using different compaction hammers.
The desirable method should include the following
attributas: simpla to use, robust calibration device,
suitable for a laboratory or field environment, and
a calibration procedure.

Approach
Conduct a literature search to astablish the state-

of-knowledge on the effect of hammer-related
variables on test result inconsistencies. Conduct a
limited experimental investigation to determine the
load-deformation and energy absorption character-
istics of four typical asphalt mix designs. Based
on the literature search and experimental investiga-
tion, one or more initial design concepts for the
calibration device will be develioped and presented

to the Federal Highway Administration (FHWA) for
raviaw. The prototype calibration device will be
fabricated and assemnbled into a testing eguipment
package. A calibration procedure will be estab-
lished for adjusting the number of blows for a
given sat of Marshall aquipment so a "standard*
levet of energy can be imparted to test specimens.
BFRL will perform laboratory evaluation of the
device by calibration under simulated conditions,
similar to those determined from test rasult
inconsistencies. Results will be documented in a
final report and the prototype device delivered to
the FHWA,.

The results of this work ars sxpected to provids
more uniform asphalt pavement designs and
higher quality pavements.

Recent Resuits
New project late FY 1992,
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High Performance Concrete

Principal investigator:
Nicholas Carino
Structures Division
301-975-6063

James R. Clifton

Building Materials Division
301-975-6707

Sponsor:
National Institute »f Standards and Technology

Objective

To develop guideines for the formulation, evalua-
tion, and engineering applications of high-perfor-
mance concretes.

Problem

After many years of relatively slow advances in
concrete technology, a worldwide awareness has
arisent that the performance of concrete in areas
such as eass of placement, strength development
and durability can be significantly improved. This
is evident from the program plans of the CEB and
the high level of concrete research activities in
Japan, Norway, and Canada. In the United
States, programs such as the Concrete and
Structures program of the Strategic Highway
Research Program and the establishment of the
NSF Center for Advanced Cement-Based Materials
are a response to tho need for improved concretes
and tha recognition of the possibility of their
development. However, because these programs
are either of a probiem-solving nature or an
exploratory nature, they are unlikely by them-
selves to provide the measurement technology
and design guidelines needed for U.S. leadership in
high-performance concrete (HPC) technology. U.S
leadership in high-performance concrete tech-
nology can be 8 major contributor to enhancement
of the competitiveness of the nation’s construc-
tion industry. As the Nation’s central building
rasaarch organization, BFRL is in a unique position
to provide a focus for the development of high-
performanca concrete technology.

Approach

This multi-year project is aimed at advancing the
understanding of the properties and long-tarm
performance of high-performance concrete and
the development of guidelinas for: 1. proportioning
and mixing HPCs; 2. evaluating the physical
properties and durability of HPC; 3. performing

structural design with HPC; and 4. performing field
constructior with HPC. Two of the urgent needs
identified at the NIST/ACI Workshop heid in May
1990 were {1} information on the mechanical and
physical properties of HPC, and {2} information on
the durability of HPC compared with conventional
concrate.

BFRL’s research in FY 1991 included datermining
the applicability of the maturity method to HPC. In
FY 92, work was initiated on developing a basis
for standards for compressive strength testing of
HPC and on determining the applicability of
standard frost resistance tests for conventional
concrete to HPC. The frost resistances of HPC
and neat cement specimens with a water-1o-solids
{w/s) ratio of 0.38 ware studied using ASTM C
666, "Resistance of Concrete to Rapid Freezing
and Thawing.” The effects of curing ages,
between 1 and 81 days, and curing conditions
were investigated. Also, different methods for
measuring the rate cf degradation were invastigat-
ed. The results suggest that if non-air entrained
HPCs are given a season of curing, thay may have
adequate frost resistance and that the curing time
{14 days) in ASTM C 666 is not adequate for
avaluating HPCs. In FY 1993, BFRL will evaluate
the frost resistance of non-air entrained HPC with
a wis of 0.28. In these studies, relationships be-
tween degree of hydration, pore structure, and air
bubbie spacing of HPC and frost rasistance are
being investigated. Thesa tasks will be completed
in FY 1993. The work on standards for compres-
sive strength testing of HPC involves a factorial
design with five variables; HPC strength, test
cylinder size, capping material ang mathod, testing
machine, and rate of loading. Based on the
results of these tests, recommendations will be
made for modification of ASTM Standards to
improve test reliability.

In FY 1992, BFRL was given the responsibility by
the ASCE’s Civil Engineering Research Foundation
{CERF) for leading the development of a national
research plan for high-performance concrete and
steel. Two working sessions, one on concrete
and the other on steel, were held at NIST for the
purpose of developing the plan. Participants in the
working sessions were from academia, industry,
and governmental agencies. The national plan will
be submitted to CERF in FY 1983,

Recent Resuits
Carino, Nicholas J., Knab, Lawrence |., and
Clifton, James R., Applicability of the Maturity
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Method to High-Performance Concrete, NISTIR
4819, National Institute of Standards and Tech-
nology, Gaithersburg, MD, May 1992.

Stutzman, Pau E. and Clifton, Jamss R., "Micro-
structural Features of Some Low Water/Solids,
Silica Fume Mortars Cured at Different Tempera-
tures,” Proceedings of 14th International Confer-
ence on Cement Microscopy, Intemational Cemaent
Microscopy Association, 1992,

18

Transport Properties of Porous
Media

Principal Investigator:
Edward Garboczi

Building Materials Division
301-975-6708

Sponsor:
National institute of Standards and Technology

Objective

To develop and apply analytical and computer
simulation models that predict the microstructure-
property relationships of porous maternials like
hardened cement paste and concrets, and apply
these relationships to the problem of service life.

Problem

The degradation of the concraete infrastructure,
worth on the order of 6 trillion dollars, is a huge
national problem. The basic physical and chamical
mechanisms of degradation processes in concrete
need to be understood before scientifically sound,
nonampiricat service life predictions can be
developed. Most degradation processes that
affect cement-based materials involve microstruc-
ture-property relationships for properties like
diffusivity, permeability, and elastic moduli.
Fundamental computer-based models are neces-
sary to quantitatively relate such properties to the
complex microstructure of cement-based materi-
als. Such quantitative relationships will serve to
put existing and future standard test measure-
ments of transport and other properties on a firm
theoretical foundation,

Approach

BFRL. using its 3-D digital-image-based model, is
simulating the microstructure of cement paste
{bulk paste of interfacial zone paste). Once a
microstructure is created, algorithms are applied to
compute desired transport properties. Imprave-
ments are pursued in microstructural simulation,
and in development of new physical properties
that can be computed on the model. Comparison
of computed properties with experimental mea-
surements is the driving force for improvements in
microstructura! simulation. A desire to tackle the
complex problem of service life prediction is the
driving force for new physical property simulations
to be developed.



Recont Resuits

Bentz, Dale P., Stutzmann, Paul A_, and Garboczi,
Edward J., "Computer Modeling of the [nterfacial
Zona in Concrete,” Interfaces in Cementitious
Composites, E & FN Spoon, London, pp 107-116,
1993.

Bentz, Dale P. and Garboczi, Edward J., Guide to
Using HYODRA3D: A Three Dimensional Digital-
Image-Based Cement Microstructural Model,
NISTIR 4746, National institute of Standards and
Technology, 1992.

Martys, Nicos and Garboczi, Edward J., "Length
Scales Relating Fluid Permeability and Electrical
Conductivity in Random 2-D Porous Media,” Phys.
Rev. 8, 46, pp 6080-6090, 1992.

Computer Simulation of the Trans-
port Properties of Cement-Based
Materials

Principal Investigator,
Edward J. Garboczi
Building Materials Division
301-975-6708

Sponsor.

Northwestern University

National Science Foundation Center for Advanced
Cement-Basad Materials

Objective
To develop and apply models for predicting the
transport properties of cement-based materials.

Problem

The durability of cement-based materials depends
in a large part on the rate at which deleterious
agents can pass through their pore structure.
Examples include chloride and sulfate ions, vshich
can attack concrete constituents. The models
being developed in this project, in collaboration
with Northwestern University, are, for the first
time, enabling quantitative relationships to be
made between microstructure and transport
properties. Knowledge of these relationships is
the basis for being able to make soundly based
theoretical predictions of service life.

Approcach

This work depends on the digital-image-based
microstructural model developed by BFRL. This
maodel gives a three-dimensional representation of
cement-based material phases, which has been
shown to be quantitatively accurate. Since the
model is in the form of a digital image, with an
underlying lattice, finite-difference and other
lattice-based algorithms can be applied to exactly
compute, within computer round-off error, various
transport properties. Since the model requires at
least 1007 pixels to give reasonable accuracy.
This work is performed using NIST's Cray-YMP
and Convex 3820 computers and BFRL's Convex
€120 and SUN Galaxy computers. A microstruc-
ture is built up using the growth rules of the model
and a transpoert algorithm is applied to calculate a
quantity that can be compared with experimental
measurements.
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Recent Results

Covardale, R.T., Garboczi, Edward J., Jennings,
Hamiin M., Christensen, B.J., and Mason, T.C.,
"Computer Simulation of Impedance Spectroscopy
in Two Dimansions: Application to Cament Paste,”
J. Amer. Ceram. Soc., {in press).

Bentz, Dale P, Stutzman, Padl A., and Garboczi,
Edward J., "Experimental and Simulation Studies
of the Interfacial Zone n Concrete,” American
Concrete Research, 22, pp 831-902, 1992,

Chnistensen, B.J., Mason, T.0., Jennings, Hamlin
M., Bentz, Dale P., and Garboczi, Edward J.,
"Experimental and Computer Simulation Results
for the Elrctrical Conductivity of Portland Cemant
Paste,” Advanced Cernentatious Systerns. Mecha-
nisrms and Properties, Materials Research Society,
Pittsburgh, PA, pp 269-264, 1992,
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Development of Microstructure and
Permeability in Mortar and Concrete

Prncipal Investigator.
Edward J. Garboczi
Building Materials Division
301-975-6708

Sponsor:

Northwestern University

National Science Foundation Center for Advanced
Cement-Based Materials

Objective

To study interphase regions in polymer-modified
cement-based materials and develop rheological
simulations for processing of cement-based
composite materials.

Problemn

The durability of polymer-modified cement-based
matenals like macro-defect-free (MDF) materials is
limited by their sensitivity to moisture. Experimen-
tally, the interphase region, a region where
polymer and hydration products are intimately
mingled that surrounds the unhydrated grains, has
been shown to play a primary role in this moisture
sensitivity. The percolation aspects of the inter-
phase region will determine if the moisture sensi-
tivity is localized and limited, or widespread and
pervasive. The rheological propertias of MDF
materials and ordinary cement-based materials
determine therr processability. Their rheology is
complicated, as their microstructure is complex
and time-dependent.

Approach

During FY 1993, BFRL will study the moisture
sensitivity problem in MDF, a transport property
problem, using the interfacial zone percolation
model developed in FY 1992. The percolation
aspects of the interphase regions can be comput-
ed for any experimentally determined particle size
distr.bution. The finite-element-based digital image
elastic code will be generalized to allow for
complex moduli and displacements, s0 time-
dependent bulk complex maoduli of complex
suspensions, like those found in the processing of
cement-based materials, can be computed.

Recent Results

Snyder, Kenneth A., Winslow, D.N., Bentz. Dale
P., and Garboczi, Edward J., "Interfaciat Percola-
tion in Cement-Aggregate Composites,” Interfaces



in Cementitious Composites. € & FN Spoon,
London, pp 259-268, 1993.

Cementitious Materials Modeling
Laboratory (CMML)

Principal Investigator.
Lawrence Kaetzel
Building Materials Division
301-975-5912

Sponsor.

Northwestern University

National Science Foundation Center for Advanced
Based Matenals

Objective

To advance the science of Cementitious Materials
Research through developing, archiving, and
distributing compiuter based models, standard
formats, and other forms of knowledge (data-
bases, image bases), computerized systems and
networks.

Problem

Advances in the ability to process, store and
retrieve knowledge are being realized through the
application of state-of-ihe-art methods in computer
pragramming, the visualization of scientific
results, and world-wide network connectivity.
Knowledge of concrete properties, performance,
materials, etc., stored in computers will take on
new importance as society’s collective memory of
concrete science and technology grows into a
more integrated body af knowledge than it has
previously been possible 1o assemble. The
development of iniegratad knowledge systems
draws attention to gaps in knowledge and leads to
collaboration between cementitious materials
researchers in planning research to fill the gaps.
Knowledge systems are being developed using
protocols for developing and interfacing subsys-
tems. The Cementitious Materiais Modeling
Laboratory is advancing computational materials
science and technology of concrete by providing
the infrastructure for bringing the necessary
researchers and resources together within the
Advanced Cement Based Materials Center and by
links to outside activities.

Approach

The objective of the CMML. is accomplished by
maintaining an infrastructure of computing re-
sources {computers, staff, networks), and devel-
oping and publishing protocols and guidelines for
models and experimental data. BFRL is parform-
ing four tasks:
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1. Developing protocdls for documenting and
testing new models, and model design to facilitate
tha interfacing of models to databases and
reasoning

2. Developing strategies for the establishment of
scientific databases, and methods tor querying
distributed knowledge systems.

3. interacting with other research groups to
facilitate the modsling of experimental data.

4. Disseminating knowiedge gained through
cementitious materials research through electronic
information exchange, computer modeling work-
shops, publication of guidelines, and a quarterly
newsletter.

The CMML is working closely with ACI Commit-
tees 126 on Databases, 225-2 on Computer
Modeling, and 225-3 on Expert Systams, and
ASTM E-43 on Computerization of Materials
Property Data, RILEM 123 on Modeling of Ce-
ment-Hydration and Expert Systems, and with
ACBM Faculty and private industry.

The CMML, through its computer based modeling
activities, will provide insight into materials
performance, reliability as related to durakility, and
servica life. Also, knowledge pertaining to re-
search on cementitious materials will be dissemi-
nated and preserved. This will enhance the
research activities of ACBM investigators as waell
as other cementitious materials investigators,

Recent Results

Published two issues of the Cementitious Materi-
als Modeling Laboratory (CMML) newsletter,
CMML Newsletter, Center for ACBM, Northwest-
em University, Evanston, (L 60208, Fall 1981 and
Summer 1992

Conducted the fourth annual computer modeling

workshop, July 1992 with participation from
academia and industry.
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Whole-Pattern Fitting Methods for
Quantitative X-Ray Powder Diffrac-
tion Analysis of Clinker and Cement

Principal Investigator:

Paul Stutzman

Building Materials Civision
301-975-6715

Sponsor:
National Institute of Standards and Technology

Objective

To apply and test whole-pattern fitting routines to
determine phass abundance of clinker and cement
by x-ray powder diffraction and evaluate the
technique to develop a standard test method or
recommended practice.

Problem

Improved methods of characterization of clinker
and cement are necessary for advances in cement
and concrete technology and to aid in the predic-
tion of the performance of concrete-making
materials and concrete. X-ray powder diffraction
is commonly used for phase analysis and is the
only method for quantitative phase abundance
analysis of fine-grained matarials. While numerous
schemes exist, there is no standard method for
quantitative analysis by x-ray powder diffraction.
Current techniques require decompasition of any
peak overlaps, measurement of peak intensities,
and calibration curves relating peak area ratios to
concentration. Clinker and cement diffraction
pattemns are difficuit to process because of severe
overlapping of most of the intense diffraction
peaks, leaving a few very low intensity peaks
which are subject to particle orientation, counting
and measiwement errors.

Approach
This project involves four phases:

1. Obtain source code for the whole-pattern fitting
procedure from The Pennsylvania State University,
install the code, and, if necessary, modify the
code to suit requirements.

2. Identify and procure phases and their
polymorphs for calibrations.

3. Establish calibrations for each of the standard
phases.



4. Test the method and calibrations with synthetic
mixtures of known phase abundance composition
and samples of the NIST Reference Material
Clinkers to establish accuracy, precision, and
detection limits.

Tha results will be presented to ASTM Task Group
€01.23.01 on quantitative x-ray powder diffrac-
tion methods as a potential test method or
recommended practice for phase abundance
snalysis of clinker and cement.

Recant Rasuits
New project 1993.

Performance Criteria for Long Lived
Concrete for Radioactive Waste
Storage

Principal investigator:
James R. Clifton

Building Materials Division
301-975-6707

Sponsor.
U.S. Nuclear Regulatory Commission
Waste Management Branch

Objeciive

To develop performance criteria for selacting
concretes to be used in constructing structures
with 500 year safe lives for storing low-evel
radioactive wastes.

Problem

The U.S. Nuclear Regulatory Commission (NRC)
has the responsibility for developing a strategy for
storing low-level radicactive wastes. According to
one approach, the radioactive wastes would be
disposed of in concrete vauits which are either
buried in the earth or constructed above ground
and covered with earth. A safe service life of 500
years is required for the storage vaults which may
be left unattended for most of their life. The
present basis for selecting concretes and their
constituents needs to be further advanced to
increase the likelihood that concretes could
achieve safe lives of 500 years.

Approach

in this multi-year project, the development of
performance criteria involves many of the steps
incluced in ASTM E 632, "Standard Practice for
Devc.oping Accelerated Tests to Aid Predictions of
the Service Life of Building Components and
Materials." Accelerated testing along with mathe-
matical modeling of the rate of deterioration of
concrete is being used in developing a basis for
making service lifs predictions.

BFRL's work performed during FY 1988 through
FY 1992 included:

1. Identification of likely degradation processes
and analyses of their mechanisms and potential
rates.
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2. Development of mathematical modeis of
transport processes in concrete involving moisture,
chlonide ions, sulfate ions, and acids.

3. Experimental studies of chloride ion diffusion in
cement pastes.

4. Evaluation of a new test method for determin-
ing the potential alkali-reactivity of siliceous
aggregates.

§. Evalustion of the reliability of existing test for
pradicting the sulfate rasistance of concrete
exposad to ground water, and the development of
& new cyclic wet-dry sulfate test.

BFRL's work in FY 1993 consists of completing
the davelopment of models for predicting the
performance of concrete exposed to sulfate-
containing ground waters. The models will
consider the tricalcium aluminate contants of the
cement and the concentration of sulfate in the
ground water, and predict the rate of expansion.
Simulation modeling will be undertaken to develop
a basis for pradicting the diffusivity of sulfate ions
in concrete and the stresses developed by the
formation of ettringite. Also, the effects of the pH
of soil/groundwater on tha rate of axpansion will
be determined by controlled pH studies. These
activities will contribute to the development of an
improved basis for predicting the service life of
concrete exposed to sulfatecontaining soils and
groundwaters.

Also, BFRL will investigate the effects of
microcracks on the transport properties of con-
crete. Both experimental studies and simulation
modeling will be performed. Also, the possibility
of the microcracks being sealed, e.g., by the
hydration of unreacted cement will be investi-
gated. The study on cracks will extend through
FY 1894,

Recent Results

Philip, Jacob and Clifton, James R., "Nuclear
Waste: An Overview.,” Proceesings of Fiy Ash,
Silica Fume, Slag, and Porzolans in Concrete, 4th
Intermational Conference, Istanbul, Turkay, pp
713-730. May 1992.
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Concrete Degradation Computer
Cade for LLW Performance Assess-
ments

Principal Investigator.
James R. Clifton

Building Materials Division
301-975-6707

Sponsor.
U.S. Nuclear Regulatory Commission
Waste Management Branch

Objective

To develop computer medels of concrate degrada-
tion to assess the performance of underground
reinforced concrete structures used for disposing
low-level radicactive wastes (LLW).

Problem

Reinforced concrete has been proposed by many
states and compacts of states for the construction
of engineered barriers for the disposal of low-level
radioactive wastes (LLW). Tc meet the require-
ments of the Federal regulations for LLW disgosal,
10 CFR 61, the concrete structures must demon-
strate specific durability and performance attrib-
utes for periods of 300 to 500 years. The Nuclear
Regulatory Commission (NRC) will be responsible
for determining if proposed disposal facilities meet
the requirements set forthin 10 CFR 61. To
provide guidance to state and compact LLW
personnel in designing LLW disposal concrete
structures, the Nuclear Regulatary Commission is
developing a Branch Technical Position/Regulatory
Guide for LLW periormance assessments. The
assessment will include the use of models for
predicting the effect of degradation processes on
the properties of the concrete used in constructing
LLW disposal vaults. The models need to be able
to predict changes in the hydraulic properties of
the concrete during 300 to 500 years of service.

Apoproach

BFRL is developing computer models for predicting
the life of concrete used in the construction of
underground vaults. The vaults are designed to
contain low-level radioactive waste. BFRL is
performing a companion project on Performance
Criteria for Long Lived Concrete for Radioactive
Waste Storage which will complement this work
through development of prediction models.



The degradation processes which will be ad-
dressed by the models include corrosion of
reinforcement, frost attack (possible before a vault
is covered with earth) leaching, and sulfate attack.
Effects of concrete degradation on its hydraulic
properties will be predicted by linking the degrada-
tion models with Darcy’s equation for hydraulic
flow. Existing degradation models will be ana-
lyzed to determine if they are adequately reliable
or can be satisfactorily modified. If necessary,
new models will be developed. The models will
be deterministic. The potential effects of intrinsic
cracking such as plastic shrinkage, plastic sertle-
ment, early thermal cracking, and drying shrinkage
on hydraulic properties will be considered. A user
friendly, interactive computer code of the concrete
degradation models for LLW performance assess-
ment will be developed. The compiled code will
be capable of being run on a micro-computer by
the NRC staff. A manual will be prepared and
training exercises will be conducted to assist NRC
staff and state and compact personnel in using the
computer models. The final report is expected in
September 1994, it will provide recommendations
on further model developments and their valida-
tion.

Recent Results
New project 1993.

Cracking in Parking Garage MLP-7A
at NIH

Principal Investigator:
James R. Chifton

Building Materials Division
301-875-6707

Sponsor:
National Institutes of Health
Public Health Service

Objective

T verify the processes responsible for cracking in
NIH parking garage MLP-7A and recommend
actions for preventing further detenoration.

Problem

Significant map cracking has developed in the NIH
parking garage MLP-7A, which appears to be
caused by alkali-silica reactions (ASR}. If the
cracks are caused by ASR, 1t is likely that they wili
continue to develop and grow, possibly eventually
affecting the structural integrity of the parking
garage. NIH has requested BFRL's techmical assis-
tance to verify the occurrence of ASR and assess-
ing the potential for further cracking. If there is a
potential for further cracking, BFRL will advise as
to whether there are ways of preventing it.

Approach
During FY 1893, BFRL will perform three tasks:

1. Perform petrographic examination of distressed
concrete to verify the occurrence of ASR and
determine if other degradation processes are
occurnng.

2. Evaluate the potential for further expansion and
investigate the possible use of surface treatments
to prevent the movement of moisture into the
concrete.

3. Assess the condition of garage’s concrete
structural elements using non-destructive tech-
niques.

Recent Results
New project 1993.
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Modeling the Degradation of High-
Performance Organic Protective
Coating Systems

Prnncipal investigator.

Tinh Nguyen

Building Materials Division
301-975-6718

Sponsor.
National institute of Standards and Technology

Objective

To provide scientific and technical basis for
standards on high-performance coatings for steel
used n buildings and other construction.

Problem

Corrosion-related problems in the United States
are estimated to cost 4.2% of the gross national
product. or about $220 billion in 1392, The use
of polymeric coatings is one of the most effective,
economical, and widely-used means to prolong the
life of corrosion-prone construction materials.
However, coated metals are susceptible to
degradation under in-service environments.
Research is needed to better understand the
degradation mechanisms, including transport of
aggressive species through the coating and along
the coating/metal interface, and support the
development of mathematical models for predict-
ing the service life of coating systems. The
models will provide the basis for improved stan-
dards for high-performance coatings used to
protect steel structures.

Approach

BFRL is developing and validating models to
predict service iife and other aspects of perfor-
mance. This work consists of six tasks:

1. Develop conceptual models.

2. Verify degradation mechanisms.

3. Quartify the transport properties of environ-
mental elernents through the coatings and along
the coating/metal interface.

4, Develop improved methods to characterize

coating, its properties and reactions that control
the degradation.

6. Develop and validate mathematical models for
predicting service life using laboratory and field
data.

6. Implement new knowledge developed in the
above tasks through incorporation into new
standards and through other approoriate means.

BFRL's research in FY 19383 will include:

1. Developing a mathematical model that de-
scribes the formation and growth of blisters
formed due to corrosion reactions.

2. Developing a technique 10 measure the trans-
port of water through a high-performance coating
on a metal subsirate.

3. Initiate research on characterizing microstruc-
ture and defects in a hugh-performance coating
and at the coating/metal interface.

Defects in coatings and at the coating/metal
interface are probably the sites of corrosion and
blistering initiation. BFRL will continue tmplement-
ing its research findings into practice through
ASTM D-1 and other means of technology
transfer.

Recent Results

Nguyen, Tinh, Byrd, Eric, and Bentz, Dale, "Quan-
tifying Water at the Polymer/Substrate Interface,”
Proc. Am. Chem. Soc., Vol. 68, 414, August
1992.

Nguyen, Tinh, Hubbard, J.. and Pommersheim,
James, "Mathematical Models for the Degradation
of intact Coatings on Steel in Electrolyte Solu-
tions," Proc. Am. Chem. Soc. Meeting. Polymeric
Materials Science and Engineering Civision,
Washington, D.C, August 24, 1992,

Nguyen Tinh, "Thermal-Wave Microscopy in
Corrosion Studies,” Materials Characterization, 28,
1044, June 1992.

Lin, C. and Nguyen, Tinh, Relation between AC
Impedance Data and Degradation of Coated Steel.
1. Effects of Surface Roughness and Contamina-
tion on the Corrosion Behaviors of Epoxy Coatad
Steel, Progress in Organic Coatings, 20, 169,
June 1992,

Pommersheim, James, Nguyen, Tinh, Hubbard, J.,
and Lin, C., A Mathematical Model of Cathodic
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Delamination and Blistering Processes in Paint
Films on Steel, Technical Note 1293, National
Institute of Standards and Technology, May 1992.

Hubbard, Joseph B. and Nguyen Tinh, "A Model
of Defect-Mediated Transport through Amorphous
Maembranes,” J Chem. Physics, 96, 3177,
February 1992,

Developed a mathematical model for the transport
of cations along the coating’metal interface from a
defect ir tne absence of an applied potential. This
maodel describes the delamination and blistering
near a defect at the very early stage. Experiments
carried out to test the models showed good
agreemant with model results.

Developed a novel spectroscopic technigue for

measuring cation in-Situ at the coating/metal inter-
face.
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Coating Technology Consortium

Principal Investigator:
Geoffrey Frohnsdorff
Building Materials Division
301-975-6706

Sponsor.
National Institute of Standards and Technology

Objective

To advance coating technology by developing
technologies, methodologies, and procedures for:
characterizing, measuring, modeling, and control-
ling incoming materials and the painting process,
and defining, measuring, standardizing appear-
ance, and other quality attnibutes of the finished
product.

Problem

The manufacturing processes of many U.S.
industries include application of organic coatings.
For coatings, as for other processes, international
competition and the national agenda require that
industry improve quality, reduce costs, reduce
environmental effects, and reduce the time
required to transfer new technology to practice.
To help insure the competitiveness of U.S.
industries that use coating technology, an indus-
try/government consortium needs to be created to
leverage national resources in advancing the
technology.

Approach

The Coating Tochnology Consortium, under
formation, will begin with five projects to be
carried out over a four-year period at an estimated
cost of $2.8 million. BFRL and four other NIST
Laboratoiies will partner with about five industrial
participants including “ord Motor Corporation,
General Motors Corporation, and PreFinish Metals.
These projects will focus on measurement tech-
nology that will enhance customer satisfaction and
reduce manufacturing costs. This work includes
trie following:

1. Development of definitions of visual appearance
attnibutes which are measures of the quality of the
eng product; the project focuses on the basic
quastinn of what defects a person can see when
logking at a coated surface and will develop a
psychophysical scale for the quariification of
visible defects. The project also will establish



correlations between the psychophysical scale and
an objective physical scale.

2. Wet-film thickness measurement of single- and
multi-layered coating systems on metallic sub-
strates; the project will provide a new measure-
ment method for use in control of the coating
process. This work addresses the development of
a noncontact mathod for detarmining wet-film
thickness.

3. Detection and quantification of defects in
metallic substrates; this project concerns improve-
ment in inspection of metal parts entering the
coating opstation through the davelopment of a
method for detacting defects in the metal.

4. Detarmination of the degres of curve of a
coating; this project will provide a method for on-
line determination of the degree cf curve.

5. Survay of new developments in instrumentation
and measwement technology with potential use in
control of coating processes; this project will
provide information to guide future research and
development activities of the Consortium.

Recent Results
New project 1993.

Method for Measuring Water Strip-
ping Resistance of Asphalt/Siliceous
Aggregate Mixtures

Principal Investigator:

Tinh Nguyen

Building Matenals Division
301-975-6718

Sponsor.

National Academy of Sciences
National Rasearch Council
Transportation Research Board

Objective
To develop a method for measuring water strip-
ping resistance of asphalt/aggregate mixtures.

Problem

The debonding of asphalt from mineral aggregates
in the presence of water (commonly known as
stripping) has been a problem since asphalt paving
came into existence. Many studies have sought a
solution to the problem, but it continues 1o occur.
In recent years, there are more fraquent premature
failures of pavements due to stripping. When
asphaltic concretes tail, they require large replace-
ment costs. These costs could be reduced if there
were effective methods for evaluating stripping
resistance of asphalt/aggregate mixtures prior to
use.

Apgroach
During FY 1993, BFRL will perform: this work in
two parts:

Part 1 involves the development of a test method
for measuring the bond strength of an asphalt on
an aggregate exposad to wate:. Two tasks will
b performed:

1. Optimize film thicknass for testing the bond
strength of asphalt on an aggregate in water.

2. Test the stripping characteristics of four
Strategic Highway Research Program (SHRP}
asphaits on glass and granite substrates by using
the optimum thickness obtained in Task 1.

Part 2 is ithe development of a nondestructive
method for screening the stripping resistance of
asphalts on a siliceous aggregate. Three tasks
make up this work:
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1. Study the in-situ measuwrement and
quantification of water at the asphalt/aggregate
interface of four SHRP asphalts, but for a thicker
asphsatt fiim than previously studied. This study
utilizes FTIR-multiple internal reflection spectrosco-
pY.

2. Determine the relationship between the resuhs
of Task 2 of Part 1 and Task 1 of Part 2. This
relationship will be the framework for predicting
the water stripping resistance of asphalt/siliceous
aggregate mixtures.

3. Evaluate the relanve effectiveness of five
commercial anti-stripping agents using a model
aggregate and FTIR-multiple internal reflection
Spectroscopy.

it is expectad the results of this research will
provide designers and contractors with an ability
to assess and evaluate the water susceptibility of
asphalts, anti-stripping agents, aggregates,
aggregate/asphalt mixtures, mixing temperatures,
and deicing agents.

Recent Resuits

Nguyen, Tinh, Byrd, Eric, Bentz, Dale, and Seiler,
James, Development of a Technique for In Situ
Measurement of Warter at the Asphalt/Model
Aggregate Interface, NISTIR 4783, National
institute of Standards and Technology.,
Gaithersburg, MO, March 1992.

Organic Coatings

Principal Investigator.
Mary McKnight

Building Materials Division
301-975-6714

Sponsor.
Depariment of the Air Force
Civil Engineering Suppornt Agency (AFCESA)

Objective

To develop improved procedures for selecting,
using, ard specifying coating systems for use by
DeD coating maintenance divisions.

Problem

Military facitities have an estimated $300 bilion
real property value and the annual cost of coating
maintenance is about $400 million. Improved and
updated criteria for the selection, specification,
and use of protective coatings is needed 1o take
advantage of new technologies and meet environ-
mental regulations. e.g., those relating to volatile
organic compound content and abatement of
hazards associated with lead in existing paint
fims.

Aporoach

BFRL is working with the Tri-Service Protective
Coatings Committees to review and revise the Tri-
Service Painting Manual. Three chapters will be
revised and a chapter on environmental concerns,
including those relating to lead paint abatement,
will be developed. Documents deveioped by the
Civil Engineering Support Agency on cuidance for
detection and abatement of lead-based paint will
be reviewed. BFRL chars the SSPC Committee
on coatings and will assist in the development of a
low VOC aikyd coating specification and a surface
tolerant coating specification.
